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Hello and welcome to the lecture 17 in this series on Noise Control in Mechanical Systems.
| am Professor Sneha Singh from the Mechanical and Industrial Engineering Department
at 11T, Roorkee. And in the lecture 17, we will do some numerical problems based on the
frequency domain analysis and the spectrum analysis of sound signals. So, let us begin. So,
to summarize what we will be doing? we will be doing the numerical problems on these
topics. So, let us see the very first problem.

We have got two baffled loudspeakers here, and by the any time it is mentioned as baffled
loudspeakers as already told if it is a baffled speaker they behave as an acoustic monopole
source. And hence they are giving away spherical wave front. So, here the wave front is
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market. When a sound signal is played
from either of these loud speakers it
creates a total SPL of Gg_gqu ata \J@V
reference point. If both speakers play ~ #“

the same sound signal each individually /%%
generating 60 dB of SPL, what is the

total noise level at the reference point?
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Problem -1
You have purchased two identical and [
coherent baffled loud speakers with a
phase difference of 45° from the
N N
\_/ \_//

spherical and P is inversely proportional to R and these two identical and coherent baffled
speakers are there and their phase difference is 45 degrees. Each individually when played
generates a sound signal which makes a total SPL of 60 dB at a reference point. Now, both
are paced together side by side and they both are run each individually contributing 60
decibels, then what would be the total noise level due to both the speakers running
simultaneously at the phase difference of 45. So, here this is about addition of noise due to



two coherent sources where the phase difference is given to you. So, what do you do? We
have already seen the derivation to find out that.
e
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So, in this case, the L effective is simply
Less = 101ogy (1050710 4 1000/10 4 2 x 10(60+60)/20 ¢og5 45)

So, if you solve this (refer slide 4), so once you solve it this they overall contribute when
present together are 65.33 decibels of sound waves. If you do this simple mathematics and
calculation, now here you are getting an addition of 5.33 decibels when the two sources
they are playing together which are coherent in nature and having a phase difference of 45.

played from either of these loud
speakers it creates a total SPL of 60 dB at
a reference point. If both speakers play N~~~
the same sound signal each individually
generating 60 dB of SPL, what is the
total noise level at the reference point?

Problem - 2 _
You have purchased two identical and
incoherent baffled loud speakers from (’ (’
the market. When a sound signal is
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Now what happens? when we have the same problem, the same two speakers, which are
baffled which means they are generating sperical wavefront, and they are incoherent in
nature and then the sound signal is being played where individually it generates a 60 db at
this point and if both are now present simultaneously what should be the overall noise
level? so in the previous case as you saw if it is a layman and he or she is suppose given
this problem that one source gives 60 other source gives 60 then they would think okay 60
plus 60 120 but that is not the case When it is two sources with 60 plus 60, the actual
summation leads to 65.33 which is not much larger than 60 decibels itself.

Now, over here let us solve. We use the equation for incoherent sound sources.
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So, what you see here from the previous equation is that we get this term, this term and this
term and there is no additional term due to the phase difference because of the incoherence
in the source (refer slide 4). So, over here the overall level will the rise in the overall level
will be smaller as compared to the coherent source which is given like this. So, you use the
logarithmic property to sort of separate the two factors.

So, this comes by definition becomes 60 and this if you calculate it comes out to be 3. So,
you get a total of 63 decibels which is smaller than 65.33 decibels. So, here if suppose the
sources are incoherent then that is the net addition if they are equal in nature. So, let us



give one conclusion here to equal amplitude incoherent sources lead to a 3 dB increase in
overall SPL when obviously playing simultaneously at the same point.
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Noise level from a baffled loudspeaker at 1 m is 60 dB. Two such
incoherent speakers are purchased and placed side by side in a
free field environment. What is the total noise level at 3 m?
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Now, let us see the third problem here in the noise level from a baffled loudspeaker again
this is baffled. So, it is a monopole source with spherical wave front and at 1 meter it is
giving us 60 dB. Now, two such incoherent speakers are now purchased and they are placed
side by side in a free field environment which means that in the free field the waves there
are no reflection. All the acoustic pressure is because of the direct sound field and it follows
this law where pressure is inversely proportional to the distance of the measurement.

Solution - 3
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Now, you have to find what is the total noise level at 3 meters?

Let us begin like this. So, you have here let us call the you know the level SPL at 1 meter
as L1 and this is given to be 60 dB due to 1 source. one incoherent source now let us see
over here you have to find out the SPL due to both the incoherent sources at 3 meters. Let
us first find out what is the spl at 3 meters due to just one source individually, so L3 what
is that? Now think about it the

1
P x—
r
which means that
1
P;==P
3 3 1

right the pressure would be decreasing inversely proportional to R and L3 is what by
definition it is 20 log 10 whatever is the pressure RMS pressure at 3 meters by P reference
which we can write as

Py
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So, this again becomes

P.
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So, the pressure is obviously going to decrease and hence the SPL is going to go down. So,
this is given to us this is what this is L1 by definition.

= 60dB —9.5dB

So, individually each source is contributing 50.5 dB at 3 meters. So, now what would be
the net effective for these incoherent sources at 3 meters acting together at 3 meters?

L effective at 3 again by the formula is this.
Ly Ly
Lesrs = 101ogyg (1010 + 1010)

We know that two same forces acting together ultimately it boils down to a 3 dB increase.
the way we have solved it in the previous case

10 log,((2) =3
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which we have calculated before.
10 10g10(105'05) = 505

So, which is the original decibel by each individual source and the conclusion that we had

drawn last time that two incoherent sources acting together will increase the overall level

by 3 decibels. The total effective level at 3 decibels is coming out to be 53.5 and in this

way you solve.

e
Problem - 4

a) Noise level generated by a uniform traffic flow on a building A
located 20 m away from the highway is75 dB. Assuming the
traffic as a line source, what is the noise level generated in
another buildingi_located 10 m away from the same highway
road?

b) How will the noise level change in building B when the traffic
density doubles?




Fine so let us solve another problem these are short numericals on this particular topic so
in this problem what is happening the noise level is being generated by a uniform traffic
flow and on the building a which is 20 meters away this uniform traffic law is creating a
noise which is 75 dB.

So, whenever such things are mentioned by default you can assume that here this 75 dB is
due to this uniform traffic flow and there is no significant contribution from other source.
If it was, it would have been mentioned in the problem. So, we ignore the contribution from
the background, the people living etc. and the sole contribution or the significant
contribution from the uniform traffic flow is coming out to be 75 dB.

And assuming that this traffic which is uniformly flowing is a line source. So, in our lecture
on cylindrical wave front, | have introduced the concept that when is a cylindrical wave
front generated, it is generated in the case of line source. And some of the examples could
be a train moving at a constant speed or a traffic moving uniformly with a uniform traffic
density. This could be example of constant line source and they generate a cylindrical wave
front. Now, this traffic you have to find out first of all what is the noise level that it will
generate in another building B which is located 10 meters away from the same highway
road. Let us first solve the part A of this problem.
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Here the traffic flow uniform is treated as a cylindrical source. It gives a cylindrical wave

front. It is giving a cylindrical wave front and what happens in the cylindrical wave front?



It does not follow the same law as the spherical one. Here, the pressure is inversely
proportional to root of the measurement of distance,
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And it is given that the P at point A, and where is point A located? It is 20 meters from the
source and point B is located 10 meters from the source. So, the P at point A by the P at

point B should be in the inverse ratio of the distance B is at 10, A is at 20.

P, 10
Py 20
PB =\/§PA

because it is inversely proportional to the root of the distance and hence the pressure at the
building B because of the same source would be root 2 times the pressure at the building
A. So, now we have this and we have to find out the SPL at the location B for the same
case and this one is given as 75 dB.

SPL at B or simply L of B is given as by definition the definition remains the same it is the
pressure at that point by the reference pressure and this in terms of A we can write. Now if
you remember in the previous sessions, whenever we were discussing about the spherical
wave front. So, whenever double the distance the intensity the SPL reduces by 6 decibels
as you double the distance and the SPL increases by 6 decibels as you half the distance,
but here it is not the inverse dependence here it is root over. So, the SPL actually increases
or decreases by 3 decibels. In the case of a cylindrical source, so here if you do this, this
by definition becomes the L at point A plus 3 dB.

So, this becomes the level at point B becomes 75 which is the level at A plus 3 decibels.
So, only a 3 dB increase as you half the distance from the source and that becomes your
first answer.

Let us solve the second part of this problem. How will the noise level change in building
B when the traffic density doubles in this case? So, let us say here that you know each the
traffic overall is contributing the same amount of energy. Now, if you increase the density
of the traffic which means within the same area or within the same length now you have
double the cars or double the noise sources therefore overall, the energy is doubling up so
if you say that the density is doubling here because it is acting as the source. The surface
density of the source so for the line acoustical source. The energy radiated would be directly
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proportional to the surface density of that source, because that would determine the mass
flow rate. you can refer to the lectures on acoustical sources to know the concept behind it
because these sources they radiate the sounds by the means of this you know expansion
and contraction of their masses so here the energy that is radiated would be directly
proportional to the mass flow rate so as you increase the surface density the mass flow rate
is going to double so once the traffic density doubles. for the equivalent cylindrical acoustic
source or the line acoustic source, the mass flow rate also doubles because it is the density
multiplied by the speed and considering the surface velocity is same. So, mass flow rate
also doubles. Mass flow rate doubles which mean the energy being radiated doubles. So,
now what it means for our question at hand is that now the net sound power level is
doubling up. The source is say having double the strength.

So, the sound power level doubles. okay so which means that the power of the new traffic
source should be twice of the power of the old traffic source now if you divide this by the
area and by the area of measurement considering both are being measured at the same
reference point that all this also means that the intensity due to the new source is twice of
the intensity due to the old traffic source. What has been asked is that in this problem that
when the traffic density is doubling how will the level at the building b change so the let
us say the | new at B is given by definition So, it can either be given as 20 log 10 of P at B
by P reference and you know that SPL and SIL are same. So, in the same way it can also
be written as
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This is twice of the intensity due to the old traffic at the building B divided by I reference
So again using the property of the log to separate the two terms okay and this again comes
out to be 3 decibels and this by definition becomes your L old at B. So, you get we have
already found in the last case that it was 78 decibels for building B. So, 78 decibels plus 3
decibels we get 81 decibels as the new sound level at the building B and this solves our
problem 4.

Let us see one final problem for this topic. here a value is given so we have studied about
octave and one-third octave spectrum here you are given an octave spectrum, and this is
the central frequency of the spectrum. let us say this is the SPL so just mark this change
here so this is the SPL at that frequency so the various SPL values are measured.



Epwu:i Problem -5
Centre frequency Find the missing SPL in dB in the
30~

i following Octave Band, given that

= = 7 the total SPL of the noise
— 2 spectrumis 70 dB.
250 56 -

500 63 -

1000 64

2000 645 -~

4000 X=27% cw

8000 56

16000 45

so basically, we are getting these values you know the various values at the various octaves
has been measured and it is given that the overall noise level of this spectrum is 70 decibels
you do not know what is the noise at 4000 band so you have to find this missing noise let's
see how to solve this.
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Again, here in this problem combining of individual levels of the individual bands that
formula we have to use which was given before. So, individual we are trying to combine
the levels at the individual frequency bands to get the total L equivalent.

Here the total L equivalent is given by
Ly Ly Ln
70 = 10log, (1010 + 1070 + - + 1010)

and so on till whatever the levels you are trying to combine so over here what you do is
these become these individual levels which we try to combine over till here (refer slide 18)
in which one of them is an x. so this becomes 30 by 10 the second one becomes 10 to the
power 33 by 10 and so on So,

30 33 X 45
= 10logy, (1010 + 1010 + --- 4+ 1070 + -+ 1010>

= 10log;((10% + 1033 + --- 4+ 10* + --- 10*%)

and then in the middle we have one more term that is 10 to the power. Let us say this is
capital X then let us say X is capital X by 10 then 10 to the power X by 10 would become
10 to the power small x. So, here this term comes 10 to the power small x till the last term
you will be summing it up which is 10 to the power 4.5.

So, let us find what this value is coming out to be. So, let us negate these 10 logs 10 let us
do this first of all take the 10 here.

70
0= log;(103 + 1033 + --- 4+ 10* + --- 10*%)

107 = (8181482.9 + 10%)
107 — 8181482.9 = (10%)

10 to the power x ultimately comes out to be this number when you calculate.

1818517.1 = (10%)

So, x comes out to be
x =log,,(1818517.1)

X = 6.26
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So, 62.6 decibel was a missing dB from that table over here.

So, with these problems, | would like to conclude this lecture. So, hopefully you learnt a
lot on how to solve problems related to decibels. Thank you for listening.

Thank You



