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Let us do some mathematical tutorial for that the spring mass system that things, so that

it will be very clear to you.

(Refer slide Time: 00:34)

1o A particle oscillates with simple harmonic motion, so that its displacement
varkes according (o the expression v = Sconddr + md) where x s in centimeters
wndd tis in seconds. A= 0 find

() the displacement of the particle,

(h) ts velocity, and

() Itx neceleration

() Findd the peviod and amplitude of the motion,

Solution

he displacement as a function of time is

O = A costont + @) Here @ = 3u, @ = /4, and A~ ¥ om

he displacement at t = 0

s x(0) =~ Ncos(n/d)

(0) The velockty at £ =0 ks v(0) = colisin(n/4)

() The ncceleration at t = 0 ks a(0) = . (B)cos(x/4)

(d) The period of the motion is T = x sec, und the amplitude s 7 cm,

Let us consider the first problem. It say that the particle, a particle oscillates with the
simple harmonic motion so that it displacement varies according to the expression of X is
equal to a particle in simple harmonic motion its displacement is the form of equation 8

cos omega instead of omega | said 8 cos 3 t plus pi by 4.



(Refer slide Time: 00:41)

Now, if | say where x is in centimeter, X is in cm — centimeter. Now, X is in centimeter
and t is in second. Now, if | say find out the displacement or displacement of particle at t
equal to 0. What should be the displacement of the particle at t equal to 0? So, if you
remember this x is in the form of A cos omega t plus phi. So, what is A, what is the value
of A, A is nothing but 8, what is omega nothing but 3, what is phi is nothing but pi by 4.
Now, if | say at t equal to 0, what should be the displacement let x O is equal to 8 cos t
equal to 0, so it is cos pi by 4, 8 cos pi by 4, you know that pi by 4, cos pi by 4 value
multiply by 8 centimeter.

Now, if | ask what is the velocity of that oscillation? So, velocity is nothing but dx d t.
So, it is nothing but if | take the d x d t minus A omega sin omega t plus phi. So, what is
A? It is nothing but 8, what is omega - is nothing but 3 sin t equal to 0 pi by 4. Now, if |
say what is the acceleration of this oscillation a acceleration is nothing but d 2 x by dt
square. So, it is nothing but a minus A omega square cos omega t plus phi. So, again A is
nothing but 8 omega is nothing but ¢ square and cos is nothing but cos pi by 4 at t equal

to 0.



(Refer slide Time: 03:53)

Then if I say find out the period and amplitude of the motion, if I say find out the period
of the motion. What is the period of the motion? So, what is omega is nothing but 3.
Now, what is f omega? It is nothing but 2 phi f, and then what is f? It is nothing but
omega by 2 phi. So, it is 2 by 2 phi, so that way | can find out any parameter for those
things.

(Refer slide Time: 04:28)

Consider a tractor driving across a field that has undulations
at regular intervals, The distance between the bumps is about
2.1 m, Because of safety reasons, the tractor does not have o
suspension system but the driver’s seat is attached to a spring
to absorb some of the shock as the tractor moves over rough
ground, Assume the spring constant to be 2,010 Nom' and
the mass of the seat to be 50 kg and the mass of the driver, 70
kg, The tractor is driven at 60 kmuh! over the undulations,
Will an accident occur?

o

Now, let consider a problem which is little bit of complex, just read the problem from the

slide, see the slide first. Consider a tractor driving across a field that has undulations at



regular interval. The distance between the bump is about 2.1 meter. Because of the safety
reasons, the tractor does not have any suspension system, but the driver’s seat is attached
to a spring to absorb some shock as the tractor moves over the rough ground. Assume the
spring constant of the driver’s seat spring is 2 into 10 to the power 4 Newton meter per
second, and the mass of the seat is 50 kg and the mass of the driver is 70 kg. The tractor

is driven at 60 kilometer per hour over the undulation. Will an accident occur?

(Refer slide Time: 05:49)

If I say will an accident occur, so after reading the statement of the problem, what you
understand that there is a tractor which moves across a road or a field which has a bump
one bump, another bump and another bump, bump is there. And the bump distance
between the two bumps is nothing but a 2.1 meter. Now, tractor has a seat has a spring
and over the seat | have a mass. So, the system is nothing but a mass spring. So, spring
constant is 2 into 10 to the power 4 Newton per meter, and mass is equivalent to what is

the mass seat mass plus driver mass 50 plus 70 is equal to 120 kg.

Now, | said will an accident occur. So, after you know the mechanical acceleration, what
you will say that if the tractor seat is resonate with the force which is received from that
bump then the driver will be uprooted from the seat, because if the system is resonate
maximum power transfer will be happened. So, the driver cannot hold the seat. So,
accident will be occurring. So, only | have to find out whether this spring mass system

will be resonate or not due to the vertical force.



When the particle force will be happened because of the speed 60 kilometer per hour the
bump will pass. So, the interval of the bump is 2.1 meter. So, the tractor will get a
vertical force with the frequency in that interval, for the frequency of the tractor. So, if it
is del x, and if the speed is let us v, then what is the interval between the time interval
between the bump is the frequency of the vertical force because every bump provide a
vertical force to the tractor. So, the frequency of that force is nothing but a interval time
taken to cross this interval. So, | can say del t is nothing but a del x divided by v. What is
del x 2.1 meter, what is v - 60 kilometer? So, 60, if | want to convert in meter 60 into
1000 divided by 3600. So, if I cut it, so it is nothing but 100 by 6. So, how much it will
come, you can calculate that value 100 or yes 100 by 6, 100 by 6 will come. So, you can

calculate.

(Refer slide Time: 09:01)

Teactor speed v Av/ Ars S0 ki h ' = (60X 1000) 7 (3600) s ' = 835 ma!

The thne interval between hitting the bumps (Av = 4.2 m)

M= A/ v = (2L /N~ 081 »

Thevefore, the fregquency af whileh the teactor hits the bumps and eneegy s suppliod
1o the oncilluting system of spring seat-person

fo /At =1 /050 =20 Ha

The natural frequency of vibration of the spring seat person s

[ |

‘-
l\j& | Il_ 10 21 Hy
2 Nm .‘1\ 120

This 15 an example of forced harmonic motion. Since the driving
frequency (due to hitting the bumps) is very close to the natural
frequency of the spring-seat-person the result will be large
amplitude oscillations of the person and which may lead o an
unfortunate accident. I the speed of the tractor 18 reduced, the
doving frequency will not match the natural frequency and the
amphitude of the vibration will be much reduced

Then | get the delta d, once | get the delta t put the x value and the v value 100 by 6 then
| get the delta t.



(Refer slide Time: 09:03)

Solution
m= (50 + 70) kg = 120 kg

N = 2x 104N m-1

=% =30 km.ll

So, if the time interval is delta t then what will be the frequency, frequency is nothing but
1 by delta t, I will not completely do that problem, you have to do it. So, f is nothing but
1 by delta t.

(Refer slide Time: 09:14)

So, this is the frequency of the applied force f frequency of the applied force f. If the
applied force frequency omega is equal to omega 0 then the resonance will be happened.
So, what is omega 0, omega 0 is nothing but root over of s by m. So, what is string



constant, you know spring constant 2 into 10 to the power 4 Newton per meter divided

by total m is equal to 70, so you get the omega 0.

Now, you have to see whether the omega is close to equal to omega 0 or not if it is close
to omega O the accident will be happened; if it is not accident will not be happened ok
that is why you cross a bump regular bump, you see there is a speed limit mentioned in
the roadside. Please drive with 30 kilometer per hour. It is not that reduce your reduce
your speed for safety once you cross the bump you get a vertical oscillation if that
oscillation does not support your suspension system of the car, your car will be broke
down or maximum power transfer will happen can cause the system may be damaged or
an accident may be occur. So, that is why that this problem | have given you. So, this is
the particle relationship between the spring mass systems to the real life problem. So, if
you know the spring mass system then you can easily explain the real life problem of

different situation.

(Refer slide Time: 11:12)
I

Draw the equivalent electrical circuit of the
Mechanical system given in Fig. 1

:f:}[:]“

M

If the intensity of a sound in air at 1| KHz is 12W/m?,
Find out the value of root mean square pressure?
Where density of air is p, =1.21 kg/m* and sound
velocity is ¢=350 mv/s

So, this is one of the problems. Similarly, let us I give another problem that is draw the

mechanical equivalent circuit is not correctly drawn in slides, I will write in the board.



(Refer slide Time: 11:29)

Let us | have an electrical mechanical circuits, which is m then | have an electric
mechanical resistance then | have a two spring, one spring in here, another spring in here
connected here and then this is applied a force in here. Now, let us this is R m, m, this is
s 2, this is s 2. Draw the equivalent electrical circuits of the mechanical system given in
figure 1. And find out the impedance; find out the mechanical resonance frequency of
this circuit. So, suppose this R m, s 1, s 2, s 1 then there is m, | have given then can you
calculate the z m, you have to calculate the omega 0, you have to the calculate draw the

equivalent electrical circuits.

So, what | said a two springs, if the two springs are in parallel it is equivalent to what is s
effective, if two spring are in series 1 by s 1 plus 1 by s 2; if two spring is parallel it is
nothing but a s 1 plus s 2 or you know that if two spring is in parallel. Just before that |
have, so it is nothing but s 1 plus s 2. So, | can replace this circuits by an equivalent
mechanical circuits m, this is s effective then there is a mechanical resistance and then
there is a force is applied in here. Now, if this is the mechanical circuit, what is the

equivalent electrical circuit, I can easily draw it now.



(Refer slide Time: 13:37)

Now, it is your hand, now | can draw the volume velocity existing here is u, and here
will be u m, since this is not in grounded. So, | can say it is nothing but force applied
here and it produces u. So, u is nothing but a resistance plus, so it is 1 by s equivalent and
it is nothing but R m, if it is R m then there will be inductance which is m which is u m.
Now, can you find out the mechanical impedance of these circuits, find out the
mechanical impedance between this node and this node. So, you find out the equivalent
impedance of these two things equivalent impedance to a do these two things and these
two are in parallel you can draw that things.

So, what is the equivalent impedance is R m plus 1 by any capacitance letitisc 1, so it is
j omega ¢ 1. These two are in series. This is let z 1 then what is z 2, z 2 is nothing but j
omega L, let us this is nothing but L. So, then this z 1 and z 2 are in parallel. So, z 1 let
this is z 1 load and another load is z 2 is in parallel then I can find out the equivalent
impedance if the two loads are parallel. Then I can find out the resonance, resonance
frequency of the circuits either 1 by a root over of L ¢ or root over of s by s equivalent

divided by mass. So, this way | can solve the problem.

So, this kind of problem people may give you that suppose there is a something that ok
let this is a diaphragm mechanical that loudspeaker diaphragm. The mechanical
impedance is given, mechanical resistance is given stiffness of the diaphragm is given

mass of the diaphragm is given and how it is housed it is also given. So, you first draw



the equivalent mechanical circuits then you can convert to mechanical circuit to

electrical circuits, so that way you can do it.

(Refer slide Time: 16:33)

A mass of 0.5 kg hangs on a spring. The stiffness of
the spring is 100N and the mechanical resistance
is [.dkg/s. The force (N) driving the system is f
2eos St () What will be the steady-state values of
the speed amplitude and average power dissipation?
(b} Find the value of phase angle between speed and
rlll"l.'l.' IlI'Ii.'I resonance rl'l'l.llll‘lll'}.

Now, suppose there is another problem if you see the problem just read the problem this
problem, sorry this problem. If the intensity of the sound in air at 1 kilo hertz is 12 watt
for meter square find out the value of root mean square pressure, sorry this is not in this
chapter. Let us come to here. A mass of 0.5 kg hanging on a spring, the stiffness of the
spring is given, the mechanical resistance is given, the force is given of the value, and
force is also given, what will be the steady state value of the speed amplitude and
average power dissipation. Find the value of phase angle between the speed and force
and resonance frequency. So, a mass of 0.5 kg let us carefully read it a mass of 0.5 kg
hanging on a spring, the stiffness of the spring is given mechanical resistance is given.

So, first draw the mechanical circuits.



(Refer slide Time: 17:21)

Say a mass of hanging, so spring will be there, a mass is hanging m and with the
mechanical resistance is given, so R m is equal to what is the unit of R m either kg per
seconds or Newton second per meter. So, R m is equal to 1.4 k g per second. Spring
constant s is nothing but 100 Newton per meter. What is mass, mass is nothing but 0.5 kg
then the applied force of this system f is nothing but 2 cos phi t. So, F is nothing but a F
cos omega t. So, the value amplitude of the s F is equal to 2 and omega is equal to 5. So,
if this mechanical oscillation is in steady state that means, force oscillation acts steady
state | am not considered the tangent part so that means, the frequency of oscillation of
the mechanical system is equivalent to the frequency of the force. So, what will be the

steady state value of the speed amplitude and average power dissipation?

What is the speed amplitude, expression of the speed amplitude x, you know X, x is equal
to we have derived all the expression we have derived. You know that expression. First
you have to find out the z m, what is z m z m is nothing but a r m plus j x m. So, what is
mod z m, what is mod z m mod z m is nothing but root over of R m square plus x m
square. So, what is the x m again is nothing but m omega minus s by omega. So, what is
m, m is given, s is given, m is given, omega is given | can find out x m. So, X m is
nothing but what is m 0.5 kg. So, 0.5 kg, let us I calculate kg or gram, whatever 0.5 k g
into omega is given what is omega, omega is nothing but 5, so omega is given minus s is
given 100 Newton per and omega is given. So, you can convert that unit and find out the

value of x m. Then you know R m find out the value of z m.



Now, what is the expression of x m, what is the expression x m, X is nothing but F by
speed of the amplitude, F by omega z m real part F by omega z m sin omega t minus phi.
So, | have to know the phi first, the find the value of the phase angle between the speed
and force and resonance frequency value of resonance frequency and the phi I have to
find out what is the pi, pi is nothing but root over a tan inverse x m by R m. So, you
know the value of x m, you know the value of R m you know the value of phi. Here you
know the value of z m this is mod z m, mod z m value you know the value of omega you
know the value of F. So, F is equal to 2, omega is equal to 5, z m you can calculate, then
omega you know. Speed amplitude, this is the speed amplitude speed amplitude is only
this one F by omega mod z m is the speed amplitude. Now, phi I can calculate easily this

is the phi then I can calculate power dissipation, what is the power equation.

(Refer slide Time: 22:11)

So, average power pi is nothing but F square into R m by two mod z m square. So, if it is
that square you know the value of mod z m, you know the value of R m, you know the
value of F, so you can calculate the average power dissipation. So, | can easily calculate

everything. So, this problem is solved.



(Refer slide Time: 22:43)

«Consider a mass-spring system described by the
equation (1) Give the value(s) of k for which the
system is under damped over damped, and
critically damped. If the system is critically
damped find out the characteristic time of the
system.

2"/."“ +3‘I)\' +kx=0 (1)
dr- dl

Next, there is another problem. Consider a spring-mass system described by equation
one give the value of k for which the system is under damped, over damped and critically
damped. If the system is critically damped find out the characteristic time of the system.
So, what is given instead of circuits, the given equation of the mechanical motion 2 d 2 x
by dt square plus 3 dx dt plus k x is equal to 0. So, if you know that it is nothing but m d
2 X by dt square plus R m dx dt plus s x x or whatever s or k whatever you write is equal
to 0. So, this s value 1 do not know. So, m is equal to 2, R m is equal to 3, find out the

value of k or s whatever.

(Refer slide Time: 23:09)




Lets I write k here k spring constant k. How do you find out the value of K, you know
value of K for which is the system is under damped, over damped and critically damped.
Let us consider for the critically damped condition. So, system will be critically damped
if the omega is equal to omega d or omega d is equal to omega 0. So, what is omega 0
root over of k by m, find out the omega d value and then you can get that resonance
things. Similarly, under damped over damped you can calculate now find out the beta
value and then equate the beta value. So, what is the beta value, beta value is nothing but
R m by 2 m. So, R m is nothing but 3, 2 into m is nothing but 2 ¢ by 4.

So, | said critically damped system will be critically damped if beta is equal to omega 0.
So, this is equal to beta. So, root over of k by m is equal to 3 by 4 or k by m is equal to 9
by 16, so m is 2, so | can find out the value of k. Similarly, tau what is tau it is nothing,
but a one by tau is nothing, but a 1 by beta. So, it is beta is 3 by 4. So, tau is 4 by 3. So,
one point something second. So, easily you can calculate. So, tractor | have given, this is

not yours. Then so any mechanical oscillation something is given you can do that things.

(Refer slide Time: 26:10)
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Let us | say that somebody is riding a motor cycle, and there is a bump consecutive
bump and separated by some things and again say tractor problem can be given, and
equation of motion will be given beta or find out the critical damp, find out the constant
spring constant. Similarly, draw the mechanical equivalent mechanical circuits let us |

give you a one problem let us I am not | will not do it you just try to do it.



(Refer slide Time: 26:49)

Let us describe the problem. Suppose that you want to install a stealer plant or ac, see
stealer plant with the foundation engineering. Suppose, | have a stealer plant of mass is
given mass of the stealer plant is given. To install in the arc using a spring, using spring
four spring at four corners, and | installed it. Can | find out the resonance frequency of
that system, can | draw the equivalent mechanical circuits of that system, can I find out
that all the other characteristics of mechanical motion. So, you see that problem will be
not given as a bookish problem. Practical problem will be given let say people will say |
have a stealer plant, | want to install with a rubber band, and rubber bands spring
constant and mechanical resistance is given that is specification is given then at are this
installation is correct or not or is it vibrate. That means, if 1 know that the vibration

frequency or suppose that | once a stealer plant is on.

So, force will be applied and that force frequency | know, if that frequency is resonate
with that your system frequency then what will happen, stealer plant cannot be stable.
So, | have to operate the operation frequency of the stealer plant is below of the
resonance frequency or if I know the applied maximum applied force frequency then I
can find out my resonance frequency should be all above of this things.



(Refer slide Time: 28:31)

Similarly, given a practical problem suppose | want to design a loudspeaker, loudspeaker
| want to design, | know the diaphragm mechanical circuits. So, | know the diaphragm
resonance frequency omega 0. Now, if | want to operate this loudspeaker with 20 hertz to
less 10 kilo hertz then my omega 0 should be much a above the 10 kilo hertz, so that
resonance is not happened if resonance is happened then gone. So, | can easily calculate
if 1 know the mechanical things | can easily draw the equivalent or mechanical circuits
and find out the impedance, find out the resonance frequency and I know the operational
frequency. So, | say resonance frequency is this, so it will. So, I will choose the mass of
the diaphragm, stiffness of the diaphragm and those things depending on the design

requirement.

Thank you.



