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Lecturer 29: Dispersion

So I think we have started character the channel the last class we discussed in the time variance
system and what kind if system we need for realizing and starting this system this is something
we have done so for linear time in variance system we have already told that it has to be linear t
hat means input whatever you give corresponding output if you know if you give the near
combination of the input so you should be expecting the linear combination of the output and
time in variance means suppose a particular delay XT within a system gives you YT if I delay

the input so if I pass the t0 so the output will be just similar just delayed by same.
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So it will be just a same output so basically if I give a delay it remains time in variant now output

also will be just delayed by that signal that signal strength and the output signal the way it looks



there will be no change in that okay so that was the linear time in variant system we have told
that it can be characterized by only one thing which is the transfer function or the impulses of it
and always we can prove that the if I put a input as XT the output will be always if I know the
impulse response of that particular system so it should be convulsion of those impulse response

and input function.
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So always yt must be xt*ht okay so this is always true and the corresponding Fourier transform
should be trans function so this two things are always true for a linear time in variant or system
right so this is something we have told and then we went to a special class of linear time in
variant system so where we were talking about dispersion sorry distortion less system so for that
we have told that distortion less means the amplitude should remain the same okay so what does
that means amplitude remains the same means that HF should gives me the same character tics

hence after passing it through HF
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The YF should have the same character tics HF sorry XF so therefore HF must be 1 so I can
write HF must be 1 if it is any signal I have to say that for all frequency value HF must be 1 so it
should look like amplitude spectra of the trans function the amplitude representation of that must
look like this all frequency component if XF is band limited so that means that XF you are

talking about is something like this then if I wish to get YF.

Similar to XF I only need to ensure that within the band HF is 1 beyond that whatever happens I
do not have because any way I do not have any frequency component of that signal so therefore I
need to at least ensure that if it is a band limited signal that within that band so —b to+b HF must
be at least 1 beyond that it can be and if it not band limited signal then I have to say that HF must

be 1 at all frequency or I should say mode HF must be 1 for all frequency okay.
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So notice this size because phase we have not talked about and then distortion less means there is
also we have to talk about the phase and the effects of phase so what will happen if we have
already told that distortion less means I put a input to a particular system okay which does not
create any distortion so therefore the input should look same and the only thing that can happen
it must get transmitted in time nothing else okay so there might be a certain delay to the signal
okay but the exact signal should be replicated at the output the whole signal might get
transmitted not some portion of it get transmitted to other portion does not get transmitted then

probably the signal.

So that as to happen therefore my output should be whatever XT I give I must get something
like Xt-t0 so immediately I know for the corresponding HF we can now do the Fourier transform
of this file so output should be YF which is we already know that should be XF#" so this is
something we know so this is the XF so therefore this system HF must be this in so I can write

@20

my HF as 1 so this 1 is the amplitude part of that and this is the phase part of this so I

should say 2nft0 is case so if I plot that case it should look like this okay with the slope of okay.

So that is all that is happening for a hence now we have characterized distortion less system that
means if you give a input to the distortion less system I should be expecting just the replica of
that maximum I can once take it into a account of it so this is what I have done XT I told output
must be XT-t0 if you can say I can still take a attention because that might be variable if I

transmit it to the signal about a channel this is the channel character tics we are talking about so



if we are transmitted there must be a alteration but the altercation should be with respective off

frequency that means all the frequency must have similar alteration so I should be able to.
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If XT is there I will be able to see K is less than 1 okay if k will come out then this will become k
so basically what happens my HF is mode HF is still the same instead of 1 it is k okay and the
phase is period so this is the character tics of the distortion less system or I should now start
talking about channel so because we started characterizing the channel what I want from the
channel whatever I transmit I need to receive in signal that is why the channel is characterizes it
should be ideally not filtered that means it is neither creating any deformities or distortion in the
overall signal character tics it might just give you some delay off course that will be there
because if I transmit over a long distance I know that the inverse the fastest of career which is

light in free space probably that will still have a velocity okay a finite velociuty c.

And of course there will always a delay so anything I will be transmitting there will be a delay
okay so that delay I can take no problem with that but signal there will be no distortion okay so if
I wish that my channel should have this character tics which almost like all past charactertics and
the phase should be linear so I really I want back and if I say it is already we have talked about

that if I say that if it is band limited then I just need to ensure that it is flat.

So the channel character tics or channel transfer function is flat over that band of interest okay

now what will try to see is we will try to see if this is possible in the channel and if somehow that



is not the character tics of the channel what happens ideally we will be expecting this but
probably we would not get that so let us try to see this is not happen so I will just go through two

examples
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One is that my amplitude is something like this so I’m expecting a signal of band width b so
okay so this is not the signal this is actually HF suppose I have a signal which is anything let us
say okay this is actually G or let us say GF corresponding there is a signal which is band limited
within —b to +b now I pass this signal through this which is my channel character tics so the
channel character tics is the phase is the near but the amplitude has a curvature so that is not
fixed which is idea if this happens what will be my overall reception that is what I want to say
okay so let us say I will be transmitting particular pulse equable pulse so let us say this the pulse

so this is that pulse or may be some other pulse which looks like some other pulse okay.

So which ever pulse it is I will be transmitting this pulse and assume that it means almost band
limited that means a whatever is outside fixed band okay that is surprised or I might even
represent then pulse with the sink okay so I represent the pulse with the sink then it is band width
but of course the pulse is not the time limited that is something I know but the sink will probably
will die down so this is suppose if this is my pulse okay. So that pulse will be band limited that is
something I know already because I have been represented it as same pulse now suppose that

sink pulse is been transmitted over this channel character tics which is something like this.



So it is actually one 1+kcos2nfT.e?™ okay, then f <b where f>b okay so this is the character tics
I have taken as sinusoidal its just cutter truncated side so it was like this and I have just truncated
it up to —b and +b and this t is the period of that sign okay so that us my overall trans character
tics or I should actually write it as this so it is let us say 1 the sinusoidal actually is like this okay
so or I can say it is about one I have something called 1 above 1 there is a swing of strength k

right so which is what is happened so that is the sinusoidal I have a sinusoidal and about 1.
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There is a swing of strength k lets say this swing is 2k so at this point it is 1+k so this is what it is
at f=0 it actually 1+k so this much be 1+k and b whatever value it will get and this kind of I am
just creating a shape okay and so it is not flat and I wish to actually see what happens to my input

pulse so this is my HF
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wi i
e i ¢ (is k eartfr)i™” v [{ €8
T e : R
_ \ B)., 4] | 28
-

So therefore what should be my YF I will be passing GF through that so it should be HF .GH

right so within the band of my interest okay what I will be getting I will be getting this so this

particular thing is HF is actually if I multiple this is should be multiplied by this one over a box

of —b to +b so I can write this as GF which is 2b okay so —b to+b is multiplied by that because

rest of that parts its 0 so if I just multiply this particular function with a box function then I will

be getting that particular part rest of the part will be 0 so this I will be getting into that whole

function so 1+kcos2nft.e-2*"™

I can write in this way so now I have two terms I can have GF

now what I can write because this multiplied by one will actually give me GF only because

outside nothing else is there so that will be all zero
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So I can whenever I multiply GF with the box function I will be getting just GF so GFe ™™ +GF is

g g—

band limited and it should be written as this box function beyond —b+b or this bandwidth so I
will be getting kcos2mft.e?™ fine so this is what I am getting now I wish to see the output signal
that means after transferring through this transfer function which is my channel. Now what do I
expect at the other end so YT must be Fourier inverse transform of this Fourier inverse transform
of GF is GT if I multiply this we know the Fourier transform of that should be GT right now this

is the other thing where this cos function I can write as summation of 2 exponential.

So it will be €™ and e¥*/2 so I will get a k/2 outside and then Gf and therefore I should get

something which is again shifted that shifted T-td-t and there should be another term K/2 g

j2nfT+ -j2nft

shifted as t/td+t that is all I will be getting if I just put the theorem and put e e’ so that’s
why I am getting K/2 so what do I get now I had a pulse ideally I should have expected this right
my target was that if I want distortion less channel then I should be getting the delayed version of
that pulse that was all good but now I have two Fourier star which are further advanced delayed

or came little bit earlier okay so if I just have a pulse.
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Let us say that is this thing which is this pulse so what will happen so first part will be just the
delayed version of that pulse so this will be delayed so it will be delayed by that amount the
other part will be it will be further delayed by td+t right and attenuation there will be some
attenuation which is K/2 so there should be some attuevated pulse of same duration where this
point is td+t and there should be another point where this is probably td-t right so the summation
of these two things whichever way you will present it will look like this right the pulse will look

like this take summation of all this things.

So what has happened now it actually starts from this dt-t and it goes up to dt+t pulse duration
let us say that duration is A okay so overall pulse duration is now happening to be dt+t+A that is
this end point —dt+t right so it happens to be dt gets cancel so your pulse rate is 2t+ A which
should be ideally just A but now I am getting a distorted pulse this is definitely a distorted pulse

and the pulse rate has been extra stretched by this sum of 2.

And you can see that just coming from this okay so make this flatter this cos side will go away
and you will get your pulse back exactly this particular part that we have described is called
dispersion whenever you will be discussing means later on in other courses when in we will be
discussing about digital communication will see that has a profound effect in pulse
communication on digital communication so whatever pulse will be putting what happens

whenever you have not ideal channel.



The way we have described that you have some amplitude variation of the transduction of a
particular filter or particular channel then you will get dispersion that means it actually broaden
your pulse so if you have a continuous stream of pulse which are carrying information okay the
pulses are carrying ideal its 0 or 1 accordingly the pulses are included if you have that and if the
pulses are getting broaden what will happen it will actually spill over the next pulse okay

because you have a dispersion or the pulse boarding.

So it will spill over the next pulse the problem is more it spills then the next pulse deduction will
become difficult so this is a particular thing which is called inter symbol interface ISI here in this
term in digital communication, more often of course the same effect will be there in another
communication so in another communication you do not have pulse you will see whatever is
transmitted that is getting actually stretched so every in time whatever is there that is getting

stretched .

And they are getting distorting the other time signal in a means which are in advance in time
okay they will keep distorting it okay so that distortion probably in another communication will
be there you would not be able to take them out in digital what happens because it is just
encoded signal either 1 or 0 so you still have possibility of detecting it even thou there is a
distortion okay so suppose I’m transmitting 1 or O its just 1 or O that’s all I have to detect if there
is a spill over if I can still say that okay by the pattern of the signal I can detect that it is 1 or it is
0.

So if I can do then it is good enough okay but there will be a point when I will not be able to
detect that and that is where the inter symbol inferences actually becomes very serious so we will
see the kind of channel imperilments we are talking about here where the channel transform
function is little bit non ideal there will be creating this is kind of interferences the kind of
interference that we are creating that is within the same channel that is means the frequency band
we are there we are continuously transmitting signal the suppose it is a pulse range so single
pulse is giving interfaces to the next pulse that is what called within inter channel interferences

so the interferences is created by the same signal.

So the signal itself is the creating interferences to himself so that’s the problem whenever you
have a non ideal character tics of a particular channel okay and this particular phenomena is

called as dispersion so what will generally happen if I get this given example so if you see I have



suppose a pulse string of this transmitted so what will happen once if it is a non ideal channel

then what you will see.

(Refer Slide Time: 23:15)

Once the pulse is transmitted we will have this kind of distortion because most of the time we
will have low pass effect in the channel so as low pass effect will start creating this thing it will
start spooning the sharper edges okay so it will start creating this kind of line okay now this is 0
if this sharpening sorry this de sharpening of the edges is too much then what will happen it will
go like this so 1& 0 will be its almost like capacitor charging and capacitor discharge because we

will be anyway low pass filter you can always reline with circle right.

So if the channel is low pass filter it will be almost like passing a pulse through a RC circle and
this is what will be happened so what is eventually happening you can see now the effect of inter
symbol interferes it is just happening because of the non ideal character tics of the channel
because you are passing this pulse through the channel and this is what we are getting and then in
this portion can you now detect whether its if the pulse was transmitted like this you can easily
detect it is 0 can you now detect whether this is 0 or 1 you cannot prove because for detecting

whether this is 1 or 0 you will probably put a threshold.

And you will try to see whether the signal level is beyond that threshold okay its below threshold
you say it is 0 if its above threshold you say it is 1 but that is getting mark here over there you

will would not be able to detect so this is what hence you previous signal its actually because the



Fourier the speeded part of the previous signal has not really vanished and that is creating

interferences over here okay so this is what happens.

So within the same channel it is just the previous part of your signal is creating interferences to
you which will be happening if you have no idea okay so let us try to see if the same thing is
happening in phase so I have a modified phase if that is happening okay so let us say I have a

channel which looks like this.

(Refer Slide Time: 25:30)

I have channel which is ideal in amplitude this is 1 but the phase part how should be it should be
linear with respect to f but suppose it is not so it is -2nft0-ksin2nft and we are assuming that this
k <<1 the most of the time we will see this non ideality of the channel will not be too heavy in

the previous example also there was in the amplitude there was k cos so k value will be pretty



low okay once the k value is pretty low we will not be still some spreading but it will not be that
severe okay so the other two pulse delayed pulse we have generated if I can just give those bring

that example back.

(Refer Slide Time: 26:31)
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So if this particular k value is very low they will have a lower strength and the corresponding this
one will be of low strength the pulse spreading that is being happening will be pretty low instead
right so that is what will be happening but so this is something where the non ideality will not be
very severe okay so that is why I wanted to tell this but here also probably the non ideality is
coming due to this portion that will probably not be very severe so whatever that is if you just

consider this lets try to see what will b the effect of it okay.

So again let us try to compute the YF that should be let us say I have a GF multiplied by the

-ksin2nfT

filter transfer function okay which is one so it should be just e .e now we will be

putting some approximation over here so GF is "™ now this you expand in tailor 6 so will be



we are trying to put this approximation we expand in Taylor series and anything because k is the
argument right so there should be terms of k,k*k? and all those things in all of those terms
because k is very small add on the terms we can neglect so I can just take the first term and the

second minutes just varying with this one k that terms so first and second term.

92t 5q the first term

So I can write this as 1-jksin2nft now just expand it so this is as it is e
should be as it is the second term should be —jk I can write that as the previous one again there
should be a 2j coming out and I should be getting this gfe-72""" e-72"T and then that should be
jk/2j and then j gets cancelled everywhere and gf e- e-7"" e-7"T right this is what we get again I
want to see the pulse that exactly the same you see just there will be minus sign so this becomes
gt-t0 this will be your Fourier transform or inverse Fourier transform this one will be —k/2gt-t0+t
and then this should be +k/2gt-t0-T so I’m getting three pulses again similarly there will have

they will be creating some distortion.

And there will be a pulse ready so whether we get a pulse transmitted to a trans function which is
non ideal either in the amplitude or in the phase I almost get the similar effects that there will be
a distortion which getting created in the pulse and the distortion is nothing but it broadens the
pulse and it start reading in the symbol interface okay so this is something we have seen and we
are calling this as dispersion next will see if the channel is little bit defiantly non ideal that means
if it is showing non linear charter tics then we will probably see that it will not only create

interference to his own channel it will start creating interferences to other channels okay.

So will see that will be more detrimental in our system were frequency division multiplying is be
used so if you have multiple signals the transmitted over multiple frequency band 1 particular
thing if the channel is non ideal we will start creating Fourier frequency term into the other

channels okay so that’s the other effect of channel we will try to examine in the next file.



