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Module 2 Dy

Lecture 14 Kinetics I Let us continue with the

Corcents Coverad discussion on Kinetics.

Application of kinetics to solve problems in ftranslation, Mass point rotation, and . .
General plane motion. Problems such as tipping of bottles, Rolling without slipping, (Refer Slide Time: 0045)
General plane motion of satellites, General plane motion of a car door opening in

motion.

In the last classed, we have
understood what is the

Keywords requirement of this

Engineering mechanics, Dynamics, Kinetics, Mass point rotation, Fixed axis problem, we will have to
rotation, General plane motion,

find out, what is the

maximum acceleration that can be tolerated by the system. So, that these bottles do not

tip.

(Refer Slide Time: 01:03)

Pragsia

) In a bottling plant, the bottles are transported in a cleated

conveyor belt inclined at 20°. Determine the max. And, so the question is to
acceleration which the belt may have without tipping the

R find out the maximum

Tha HEGIE ol acceleration and we need

the bottle is 70
mm and the CG is ==
located at 80 mm |
from the bottom of
the bottle.

to put the free body

diagram of the bottle and

we have to investigate for
tipping. And we have
learnt in statics, how to

investigate for tipping and
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it is easier to take the

coordinate axis parallel to the conveyor belt and perpendicular to that. And, in this case it



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

is a self weight of the bottle, that contributes to tipping and it is given in the problem,
where the CG is located, it

Sk IS about 80 mm from the

Find the maximum acceleration A

2 o [¥ bottom of the bottle. So, it
~  such that tipping does not occur ‘

Self weight would contribute to tipping is put approximately here

e 3 and you have the weight
Cos 2

acting on this, mgcos20°
and mgsin20° we can put it

like this and you also have

CG is located
at 80 mm from
the bottom of
the bottle.

the acceleration of the mass

point.
T —————————rr—— W4 (Refer Slide Time: 02:19)

And this is where you have to investigate, for tipping to be prevented the resultant force
should be within the bottle. So, the limiting case is you put it at the edge, we have

already seen that it is going to tip like this, that is what we are anticipating it. Since, this

e Jiagram s complete you
Swaras Praga

Find the maximum acceleration - are In a position to write

Self weight would contribute to tipping

ZMA =m§80

5 and it is desirable that we

m9 cos 29 ™9 in 200 do it at point A and this is

(mgcos20°)35-(mgsin20°)80 nothing but, an arbitrary

=masg0 point b ok. So, you are
9(0.411-0.342)=3 cosoaes  90ING  toinvoke  this
. a-067Tmig peenitoh equation,  summation  of
0 the bottl. 0
sM,= | .4+mad N M= |g+mad
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All the parameters that is required are given and this is the problem where the, you know

there is no rotation. So, lca is 0. So, you write 2 M, =mago and write what is the value of
Ma. So, you will have a contributing force from this and you will also have this force

contributing to this moment.
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3 mgsin20° z
So, that is all the problem is solved, I have (mgoos20*5-{mgsin2F 60 - maso :

So,
that gives me the limiting value of acceleration, as 0.67 m/s?. Say it is a very nice
problem; it is a very practical problem where you have the packaging industry, when
they want to fill some liquid. If they want to increase productivity, you have to apply

mechanics and find out what is the maximum acceleration that the system can tolerate.

Otherwise, the functionality would be lost and it is a nice problem which brings in your
understanding of how to analyze, whether tipping will take place or not and this is also

an arbitrary point, in order

A wheel of weight 50 kg and diameter 500 mm rolls without to remove your mental

slipping on an inclined plane at 45°. The wheel has a block, | can have any point
centroidal radius of gyration of 200 mm. If friction is sufficient
to prevent slipping, Compute the frictional force f acting on the
wheel during its downhill roll. Also compute the minimum co- In the discussion, when we
efficient of static friction to prevent slipping.

labeled with any symbol.

develop the equations, we
; call the arbitrary point as P,
the point P can be a in this
context. So, you should be
able to apply these

equations comfortably,

when the labels are also

changed.

(Refer Slide Time: 05:04)

Then we move on to another simple problem, | have a wheel of weight 50 kg and
diameter 500 mm rolls without slipping, that is a very important statement, on an

inclined plane at 45°, the wheel has a centroidal radius of gyration of 200 mm.

See | have coin the problem such a way that, I do not wanted you to spend time on
calculating the mass moment of inertia, | directly give you the radius of gyration; so,
focus is on learning dynamics; not on calculating the mass moment of inertia and get
stuck. If friction is sufficient to prevent slipping, compute the frictional force f, acting on

the wheel during its downhill roll.
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Also compute the minimum coefficient of static friction to prevent slipping and this is
fairly straight forward problem and you know rolling is general plane motion fine.

(Refer Slide Time: 06:16)

And the moment you look at rolling, you are expected to remember the kinematical

conditions that you have

learnt earlier. You know

AR Wheel rolls without slipping a=ra
) % o ; you need to remember
\ 1 C is the instantaneous centre of rotation.
R — certain quantities, it is
b ZMc=Ica g
L unavoidable and rolling is
§=8, 10 50(981)(025)5Iﬂ45‘51250
. such a common
r .
’ phenomena that you will
a=16.92 rad/s? \

&1 =(1+mr2) come across in  many
C ‘6
=50(0.22+0.252) applications, you are
expected to remember the

M, =l
relationship between the

Copyright © 2018, Prof. K. Ramesh, Indian Instute of Technology Madras, INOIA g

mass point velocity and angular velocity, as well as mass pomt acceleration and angular
acceleration, you are expected to remember these quantities and it says wheel rolls
without slipping, when it rolls without slipping, these quantities we have learnt earlier,

you are expected to remember and use it.

If you do not remember derive and use it and we have the important relation that a=ra,
And when | have the axis as x and y, | could also label this as ax and here you know from

the physics of the problem, that C is the instantaneous centre of rotation.

So, | can apply centre of rotation as the point for me to do all the computations and make
my life fairly simple. And you are given the weight of the disc and at C you will have an
interaction of normal force and the frictional force will oppose the rolling motion. So, |
have this as the frictional force, | label it has f. So, the diagram is complete including the

rotation as well as linear translation acceleration components.

yM,=1
So, it is ready to be solved. So, identify the governing equation, we have = © Oa, that

is what we are going to use for this problem and this becomes point C here. So, | rewrite



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

. = | .
the expression as Zo= e and you have to use the parallel axis theorem to get the value
of Ic, you are given Ig and then you can find out this ok.

So, | have this expression satisfied. So, | am in a position to get, what is the value of
angular acceleration from
wbe this, So, the first step is |

5F, = a=16.92 rad/s? am in a position to get the
X

( . angular acceleration and
\ 4 From kinematics of rolling *a, =r'c -

you have utilized the
50(9.81)sin45-f =50(0.25)(16.92) kinematical  relationship,

for a wheel that rolls

k
£-135.34N . without slipping. So, you
are expected to remember

these  quantities, while
@ solving problems.
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(Refer Slide Time: 09:33)

YF,=ma
“and we have already seen

«=16.92 rad/s?

ax=raand

And next equation | can write

So, you

For no slipping have the basic equation

4 5F,=mé =0 returns  very  straight
forward, please check the

arithmetic and this gives

a,
N-50(9.81)cos45=0 P
me what is the frictional

N=346.84N force, that is acting on the

wheel so that it rolls

_13534 g a9

Hoin =348 84= without slipping. So, it

; makes your life lot simpler,
Copyright © 2018, Prof. K. Ramesh, indian Insthute of Tochnology Madras, INDUA |f the Wheel rol |S W|thout

slipping, you have the kinematical conditions and you are in a position to invoke those
interrelationships and solve for this problem.
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(Refer Slide Time: 10:34)

See the question also ask, what is the minimum value of coefficient of friction that you

: . YF =ma =0 . .
need to have, | can also write the other equation = ” ¥ . So, that gives me, what is

the value of normal force and | know what is the value of frictional force that is required;
so, it gives me, | should have a frictional coefficient of 0.39 is required; so that the

wheel, rolls without slipping.

So, friction aids friction is needed in many applications, when friction is significant and
its role cannot be ignored as engineers we bring in, until then we solve problems without
friction, that is how engineers make the problem solvable ok, you get the first hand
solution may be apply a factor of safety and then design criteria to do you a design rather

than complicate your problems with all aspects of the physical system ok.
(Refer Slide Time: 11:57)

Then we move on to a very interesting problem, see | want to give you the feeling
whatever the knowledge that you learn in this course is of use somewhere that we have
come across recently and it is very interesting to see our Mars mission was a success

because, we had being able

#14% © Re-orenting the spacecraft Gettmg Into to do this in our first
N wissglomgmighy sbissiia . . )
’ Martian Orbit attempt, very first attempt
\ / 0 in the Shadow of Mars
—\'\ and. In fact, the NASA

O Engine Fring probe that was a revolving

around Mars welcomed

© The communication blackout
10M 309 Geound

this Mangalyan, they sent a

P L
o Towards Resuming Communication m essag e.

So, that is the proof that is

Orbit Around Mars

somebody watching there,
Copynight © 2018, Proft. K Ramesh, Indian instéute of Tochnotogy Madras, INOIA

that you have reached Mars
ok. So, the problem here is see the satellite is an orbit like this and if it has to go to Mars
it has to take another orbit and what is to be done is you will be surprised that when you

reduce the velocity, it shifts to the other orbit and there are various steps you know you
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have the blue line, you have the black line, you have the orange line, you have the green

line, you have a slightly this kind of a indigo color ok.

So, you have definitions
for all these stages of the
craft. So, they have to align
the satellite and then fire it,
when communication is not
possible from earth that is
what is shown as a black
strip and once you reduce
the velocity, it gets locked
into the Martian Orbit.

(Refer Slide Time: 13:47)

So, it all involves quite a bit of mechanics calculations fine and so this is the spice to the
problem. So, | have a

satellite which is spinning.
(Refer Slide Time: 13:52)

And we are going to look
~~ at, when there is an
’ onboard thruster, which
reduces it is velocity
because, it is moving in
this direction, when 1 fire

it, 1 am applying a force
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thls way. So, | try to reduce the velocity of the satellite then it is in a position to shift the

orbit. So, that is the physics behind it.
(Refer Slide Time: 14:15)

So, the problem statement is like this. So, let us also feel we will solve a simple problem,

we also take credit that we have also done something to do with Mangalyan. So, to lock
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into the orbit around mars, the velocity of the satellite needs to be reduced, this is
achieved by firing an on-board motor controlled from earth, which has a thrust of 450 N.

At the time of firing the motor, the satellite is travelling with velocity of 4000 m/s, in the
Y direction and spins with an angular velocity 5 radians per second, the mass of satellite
is 400 kg and it is radius of gyration about Z axis is 900 mm, the axis are shown already
in the problem, | have axis X Y Z attached to the satellite and you are also shown a point
a, which needs to be located the thrust motor and the point A are on the rim of the

satellite as shown in the figure and it is at 1.5 meter from the spin axis.

So, you are given all the

ko csnns Gattinglnto I Mangalyan, to lock onto the orbit around Mars. the particulars, you know this
Martian Orbit

\ A velocity of the satelite needs to be reduced. This is g very nice problem it
TN achieved by firing an on-board motor controlled from Earth, ) ] )
e which has a thrust of 450 N. At the time of firing the motor,  Prings in your  basic
© M communcanen st Ty : ; : = : i
the satellite is travelling with velocity v,= 4000 m/s in the y understandin g of how do

direction and spins with an angular velocity 5 rad/s. The
mass of satellite is 400 kg and its radius of gyration about 2= you ~ write the velocity
axis is 900 mm. The thrust motor and the point A are on

. equation relative velocity
the rim of the

satellite as shown in
the figure and it is at
1.5 m from the spin
axis.

or relative acceleration
equation, from one point
on a rigid body to the other
point on a rigid body. If

Copyright © 2018, Prot. K. Ramesh, Indian |

you are attaching a non-
rotating translating axis, you will see the other point, as if it goes in a circular motion.
So, all those memories we have to bring in back and then handle this problem. So, the

parameters are given which are very clear and simple.
(Refer Slide Time: 16:01)

And you have to recognize that the satellite is spinning, as well as having a linear motion
and originally it is travelling with a velocity Vo in the y direction. So, it is spinning
counter clockwise and this is the angular velocity and you have the thrust motor attached
here. So, when it is started, it is going to create a thrust and that needs to be put and it is
labeled as O that is nothing but, the mass point. See we had specific annotation while we
developed the theory; we have always referred the mass point as g, fixed point as O and
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arbitrary point as P. So, you must come out of that symbolism and learn to apply the
correct equation to the symbols given in the problem, it may appear trivial here but,

people get confused when they write the examination.

So, | have this and | have the onboard thrust motor introduces a thrust, that values also
given in the problem. So, it has an angular motion, as well as a linear motion. Let us look
at each of these. So, when | have this; obviously, this is going to create a deceleration
like this ok, it will also reduce the velocity, it will also reduce the spin speed and you are

given what is the acceleration ap ok, angular motion we look at, | have IMo=lia , this is
the mass point of a satellite and you are given the radius of gyration, | can easily write

what is Mg, only this force

introduces that moment

a= Fr
= 2
and | have  MK* | have

Axes direction are specified in the problem.

O'is the mass point and radius of gyration
w.rtzis given.

AngularMotion  Linear Motion all the parameters given.

M _=la F =ma .
=T L7y~ So, when | substitute, 1 am
= 2 . -
¢ Fremie -F=m(-a) in a position to get the
Fr )
7= mk2 o=ff):7 angular  acceleration or

= 450x15 deceleration whichever

~400x0.92 i : s
Xe  Top View way you want to call it, this

is 2.08 rad/s®. Now, let us

» _450 _ 2
@=2.08radls &= ,5 1.125m/s

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

look at the linear motion, |

have lF” =8, and we are given the coordinate axis with respect to the coordinate axis, |
can also put the sign of the quantities and all these quantities are given F and m are
known. So, | can find out ao and ao as 1.125 m/s. The idea is what is the values for the
point a, that is what is asked. So, here this is the rigid body, which has a general plane
motion, | sit on this body, | know this absolute acceleration, I need to find out what is the

acceleration of point a.

(Refer Slide Time: 19:42)
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So, go back to your kinematical relationships and write down the relative acceleration
and you should be in a position to write what is the acceleration of A with respect to O,
relative acceleration equation and this is nothing but, it is rotating and we know the

direction of @ and «a.

So, it is easy for you to write this component, from the previous calculation we have got
this ao and you also assign the sign appropriately. So, we know ao, what is acceleration
of A with respect to O, | have the tangential component dictated by the direction of  and

| have this normal component. So, | have this normal component is

(o), =re?] =37.5] mis? ) =-rai=-3.12i m/s?

: (a
and tangential component is o . So, | have

these quantities; so, it is

a,=d,13,, easy for you to calculate,

4 =-1.125] m/s? \0! what is acceleration aa.

a,
=3 &= =
|

@) =ret] <375jmse AL

) IS I

have the wvalue as
8,=-3.12/+36.375] mis*

(éA/o), =—faf=—3.12i m/s? i
Xv
Top View Second a very interesting

4,=-3.12/+36.375] m/s? problem, you try to use,
whatever you have learnt in

kinematics and you have

learnt to apply it and you

have got the values that is asked in the problem.

(Refer Slide Time: 21:24)

Now, there is a rage everybody is looking at the internet and then whatever that comes in
the internet, whether it is right or wrong, you jump on to it and then do it and I thank my
students, who have collected these details and you know it is very dangerous, you cannot
simply open your car door and then dance and somebody films it on a public road and it
tells you the history of development, it appears the cars started moving somewhere

amidst the internet noise.

10
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Initially, the proponent has not asked the car to move and what is the mechanics part of
it? We are interested only in the mechanics part of it, what happens to this poor door ok,

that is what we need to analyze fine.
(Refer Slide Time: 22:18)

And before me move on let us also see, how Indians have modified it and it became a
real challenge to the Indian police. So, the advice is please do not do any of these

Kiki Challenge
Latest viral trend that has taken over the internet

The challenge involves one person getting out of a slow
moving vehicle and dancing to a few lines from Canadian
rapper Drake’s song In my Feelings while the driver films this

Originally started as Shiggy Challenge when the internet
v comedian Shiggy posted a video dancing to the song, but it
did not involve any vehicle

The car came into the picture when NFL star Odell Beckham
Jr. took up the challenge, but here too the car was stationary

The cars actually started moving somewhere amidst the
internet noise !!

Copyright © 2018, Prof. K. Ramesh, Indian Insttute of Technology Madras, INOIA

Srarant Pragsik

Kiki Challenge Actually became a real challenge to the
==~ Indian Police !

JIlI 1S BORED
gFNEROWD .,
‘cnminsf
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challenges, fine it is all
going to hurt you and my
focus is on what happens to
this door from mechanics
point of view. So, you have
warning from Bengaluru
city police, Jaipur city
police and so on and so
forth ok. The idea is not to
do this but, look at what is

the mechanics behind the

(Refer Slide Time: 22:52)

So, this is what you have, it
is not exactly the same
problem, please write down
the problem in advertently
the door is kept open and it
is decelerating and what
happens to that door, it is a
very nice problem, you
take any book on

mechanics, they would

have a car with a door opening. So, in the current context I thought that I can spice it up

11
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by bringing a Kiki challenge ok. Do not do any of those challenges publicly circulated in

internet, many of them are injurious to you ok.

So, you are given the weight of the car door and you have very nice animation which
gives you complete visualization of what is happening so that you can understand the
problem statement better and look at the strategy to solve the problem. And we have to
compute the reaction forces at the hinge of the 36 kg car door, when 6=45° the car

decelerates at a constant

Swarant Pragaa

rate of 3 m/s2.

The radius of gyration ko,
at the wvertical axis of

rotation, you are given only

The door of a sports car opens as it decelerates to a  at the axis of rotation, this
standstill. Compute the angular momentum and the reaction
forces at the hinge of the 36 kg car door when 6 = 45°. The
car decelerates at a constant rate of 3 m/s?. The radius of ~ are given only ko is given
gyration (k) at the vertical axis of rotation is 500 mm and
the mass center is () 400 mm from the vertical axis of
rotation. an

is the axis of rotation, you

as 500 mm and the mass

center 7 is 400 mm from
Copynght © 2018, Prot. K. Ramash, Indian Instéute of Tochnology Madras, INOWA . . .

the vertical axis of rotation.
You are given all the particulars of it and let us go and look at how do we handle this

problem.
(Refer Slide Time: 24:44)

Let us understand the
motion little
systematically, 1 could
think of this as linear
motion, then followed by a
rotation or | can think of
rotation first and then the

linear motion and reality

Copyiht © 2018, Prot. K Ramesh, Indian Instte of Techncogy Madras, INOVA N both of it happen together,

that is what happens | have rotation as well as linear motion takes place, that is what we

12
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call it as general plane motion. So, you have a reasonable appreciation of what is
happening to the door and you should also recognize to start with how the door was,

what was it is angular velocity.

All that is hidden in the problem fine, that is what you have to look at, that is why | have
put this animation, you have a very important clue, it starts from rest. So, the @ is 0, it is
starts from 0 angular velocity and it acquires a finite value of w, when it reaches 45°, you

should recognize all that.
The door acquires angular
velocity and opens up as the
car has a retardation.

Only when you recognize

all that, you will be able to

The door thus has angular use the appropriate
velocity as well as angular

acceleration.

equations to handle it.

. (Refer Slide Time: 26:02)
In addition the whole door has

rectilinear deceleration as it is
attached to the car.

So, the door acquires
angular velocity and opens

. /A\Thus the door is in general
| up as the car has a

e retardation. So, that is the
first observation, that we make out of it, door thus has angular velocity as well as angular
acceleration and this is what is shown, you know | have a door which is very nicely
shaped fine. But, as the engineers when you want to do an analysis, you simply take it as
a rectangular unit and | have a radius of gyration, if once | have the radius of gyration do

not need any of it is shape fine.

How we model the practical problem into a solvable problem. So, I have this as the
rotation about which it takes place and you have to investigate what is this point, | have
labeled this as O. We solve point O as a fixed point, you have to ask yourself is it
behaving like a fixed point or something else, fine just because the problem statement
says it is O, do not conclude anything out of it, you must investigate what is the motion.

So, | have this door, | have this angular acceleration, | have the location of the mass
point, the distance is also given. So, you have to recognize the whole door has rectilinear
deceleration. So, the point O is not fixed, it is having an acceleration. In this case it is
deceleration because, we know the direction of the acceleration, it is coming to a stop.

13
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So, you have to treat this as point p in our calculations and what | have. So, I have the
acceleration shown here, which is a deceleration from this problem context, the door is in
general plane motion, that is what you have to recognize you have to recognize it is in
general plane motion. And once you draw the neat sketch and put the quantities

arithmetic is fairly simple, there is no difficulty at all in arithmetic.
(Refer Slide Time: 28:27)

So, | have hinge. So, when

| have a hinge, what is the

2 = e . way | will do it? | will
‘(acxo)n‘:r("z (@0){=ra Y
assume two components
Taking moment about O (Actuall

g mof ( y because, | do not know the
arbitrary point P)

direction of the force

M, K=k +7 _
represent 1t as component

at the x direction and
component at the vy
direction and an unknown
force can be taken in any
way, the general recommendation is; take it along the positive coordinate axis.

My mathematics will come and tell me whether this is right or wrong, all those principles
you learnt in statics are equally valid in dynamics, there is no alteration here. And we
have already looked at how to write this relative acceleration equation for a rigid body.
And | have what are all the components of force that act at mass point, | have ma like

this and then | have a normal component, mw?  and a tangential component, M |ike
this. So, my diagram is complete. So, it is easy for me to write all the quantities that |

require.

So, taking moment about O, you have already seen, that is actually arbitrary point P in
our theoretical development, you should not lose track of it, that is very important, you
should recognize that the point is not fixed in space, even though labeled as O, it is

having a acceleration or deceleration whichever way you look at it. So, | have; you are

given K=k +7"

14
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T B .
So, this is a hinge. So, it has to go to 0. So, | have 0=-mlky - )ar -mrefr) +’m(F5“"9),

you should recognize that the point O is in reality point P, it is not O in our theoretical
development. So, labels can be misleading in a problem and you cannot put restriction on

a person who is coining the problem to use your symbols to label it.

(Refer Slide Time: 31:27)

Sravast Pragsa

(od(u:adﬁ
And we have already

discussed, the doors start

from rest. So, it has a w is

2ar N .
(Uz-k—2(1-0039) 0 to start with, it acquires
0
For 0= 4 angular velocity because,
\/270541 of the motion and this
Ky expression you have learnt

long back in your particle

- V2x3x0.44
0.5

Copynight © 2018, Prof. K. Ramesh, Indlan Instaute of Tochnology Madras, INOIA

0.541 » ©=286 rad/S dynamiCS- So, you are

o

[odo
using that here. So, ° =

?
0

adf | g we have got the expression from the previous step. And then when you do this, |

) o 2: (1-cosd)
ZF -ma Stvarast Praga get 0 and

\“\\ X X
@ / S _ 0=14  you have to get the

Ry, =-ma+mro cosé+mrasing

] calculation.

Ro= ma[—l +lr(—;[l +2¢086-3c0s’ 0]
(o}

So, | have this and finally, |

For 6= /4 get the value of w as 2.86

2 ma
RS ma(o 914k——1] 8 rad/s, is it idea clear? It is a

0

very interesting problem

and it is quite dangerous;

2
R, -36x3[0 914044 1)

you should not have any
door open in a car while it
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is moving. In fact, the modern cars have sensors, if any one of the doors is not locked, it
gives you a beep or it gives you some visual indicator. So, you must attend to it, it can

cause accidents ok, you should not drive the car with lose doors.
(Refer Slide Time: 33:10)

Then | go to 2F,=ma, and you can easily write this expression, if the diagram is
complete, writing this is straight forward, it is not difficult all the quantities are put, you

have the angle 4. So, | put the appropriate cos and sin & components and you substitute

the relevant quantities and for o=

, | get Rox is like this and | get the value of Rox as
negative, that is perfectly alright, 1 have assumed it in a particular direction, the

mathematics can come back and tell me whether my assumed direction is right or wrong.

So, you can start your

@\\' ROy =Mracosd—mro’ singd prObIem with this and bank
L 4 71 on your mathematics to
Ro, = ma}r (3cosd-2)sind y
ko assist  absolutely  no
For 6= 4 problem. So, | have
mar? determined the value of
R,, =0.086—
ko ROx-
0.086 x 36 x 3x0.447
i 0.5 (Refer Slide Time: 34:24)

£\ Then I need to get Roy, Roy
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is given like this and

substitute the relevant quantities for =74 | get Roy = 7.19 N. So, it is a very interesting
problem, you take any book on engineering mechanics, they would have a problem with
car door opening, whichever way moves in the left or right or it is a very interesting
problem. And you have to recognize that the door is in general plane motion, apply the
appropriate equations, it brings in your knowledge of statics, it brings in your knowledge
of kinematics, which we have learnt all that have to be used systematically to arrive at
the final answer. And when you are designing the door hinges, you need to take care of
these forces so that it last long.
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So, in this class you know we have solved a variety of problems in kinetics. In fact, if
you look at the problems that we have solved, we have solved problems with translation,
curvilinear translation, fixed axis rotation, mass point rotation, as well as general plane
motion. So, you have a variety and the focus was on how to visualize the problem

situation and how to use the equations you have learnt appropriately.

The training was also given we have learnt it with certain symbolism, the problem may
be given with some other symbolism use your symbols appropriately and do not do it in
a rush because, your symbol and the problem symbol are identical, the problem symbol

denotes what you have used in theoretical development, it need not be.

Thank you.
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