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We have seen Laplace transform of elementary functions in the last video, in this video we will
see how to, what are the properties of this Laplace transforms, some very few of its properties
will derive, as in the case we have done for Fourier transform.

And then before we move on, before we apply these techniques, these properties and Laplace
transform to applications, okay, before we apply to differential equations and solve them we'll
just derive some properties of this Laplace transform in this video.

We can also do some other, some more complicated functions we can calculate Laplace
transform, but let's refrain from doing that because it's as and when it is required we can do, we
can find the Laplace transform of certain functions, other functions, other than these elementary
functions what we have done so far.

So let me start with the properties, first properties is properties of Laplace transform, so to start
with this kind of shifting property, if F bar(s) is the Laplace transform which is a Laplace
transform of F(t) which is function of S, then Laplace transform of E power —AT times F(t) is
actually equal to Fourier Laplace transform of at S+A where A is a real, or A is a real number,
so you can easily see this one if F bar is actually representing the Fourier Laplace transform of
F which is assumed to be exponential function of some order, then we will see what is its
product with the exponential function E power —AT F(t) for which if you take the Laplace
transform, and then it's a function of S, so by definition we can write 0 to infinity E power —AT



F(t) E power -ST DT, so you can combine these two to write 0 to infinity E power —T times
S+A, F(t) DT, so this is clearly the Laplace transform of F(S+A) so as simple as this, if A is not
real complex then you may have to worry, so even otherwise there should not be a problem
because E power —ST, so if A is a real constant then this is the case, if A is a complex number
for example if it is like this, A is a complex number and then S we know that S is greater than
A, S is greater some, suppose if you look at this function E power —AT times F(t) which is
exponential of order, some order, so S is greater than beyond that number, so let us say A is
exponential, is exponential of order and let us say this is -A so you have, if you call this C, C-A
let us say, if this is order S is greater than C — A, so this is the number, so S is greater than this,
so real part of S has to be, so S is complex numbers such that real part of S is greater than C —A,
C -Aif it's a complex number, so if A is also complex number so you can see that real part of C-
:A you can put it this way.

'..Jv.l' IJ'? '_'/".7- A
EEERTEE b

"[‘f‘t“Jm Lot b “

TTANSIGIT TEChnIGRIes Far ENganeers 5 - WINdows Jourmsa - O

-1 fm=l{ee ™ fj[g“"‘_fm]mx T+ , 2
< " k)= € -2
.E(E -FT{:}) (& = v[ e @ ¢ d& 3
b R
ol " J ﬁ
JECE S
D

WM &

Ie
And then so S is, so you can think of S is greater than C-A, so that only real part of S, so that
real part of S is bigger than that, okay, so it's still possible if it is a complex, but so anyway so if
it is a real this is a, you can easily see, so if A is real this is simply a C-A so real part of S so that
is greater than C-A, so this is clear as a property one so, what it says is if you multiply your
function, some function with the exponential function with —AT, so if it Laplace transform of it,
if you know the Laplace transform of F that is product is simply Laplace transform with S is
translated to S+A, so this is one property through which you can give some example, so for
example what is the Laplace transform of, you can represent Laplace transform like this or bar
so you have T power N E power —AT, so T power N you know what is its Laplace transform,
Laplace transform of T power N is, since Laplace transform of T power N is N factorial divided
by S power N+1, so because of this the Laplace transform this by this property you have N
factorial divided by S+A power N+1, okay, so this is one example where you can use.
And the second example so we have already seen many elementary examples for which you
have Laplace transforms, so you can write for example E power —AT sine or cos BT for
example in this case, for sine because we know that is B divided by S square + B square
because of this exponential multiplication we have to replace S by S+A, so I'll write S+A whole




square, similarly Laplace transform of E power —AT cos BT, cos BT if you calculate that is S
divided by S square + B square that is with cosine, without this exponential this is the Laplace
transform, so if I multiply this with E power —AT so you have to replace S by S+A, so you have
S by S+A whole square by the property, so this is how you can, elementary functions if you
multiply with the exponential functions you can easily without calculating its interval so you
can directly write replacing S by S+ some constant, whatever exponential order which you
multiply.
]
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Second property that we use another shifting property here, if Laplace transform of F(t) which
is function of S is F bar(s) then Laplace transform of F(t-a) times, I multiply with Heaviside
function with T-A, this is actually equal to E power -AS Laplace transform of F, so this is what
you have, so this way that also you can easily prove, you start with the left hand side a Laplace
transform of F(t-a) times Heaviside function of T-A as a function of S this should be, by
definition 0 to infinity F(t-a) H(t-a) times E power -ST DT this is the definition, so because H is
1 if T is greater than T-A is positive so that is T is A to infinity, this is 1, so you have F(t-a)
times E power —ST DT, so put this T-A as a new variable, S we call this X so you have DT =
DX so that your, when you T = A, X is 0, when you put T = infinity, X is infinity, F(x) E power
- ST is A+X, so A+X so this SA comes out and you have DT is DX, so this is nothing but E
power -SA times F bar(s), X is the simply the number, this is exactly what we need.
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If you’re using this you can easily see for example if F of simple example you can take this, if
it's a constant function what is this one, so you can see that Laplace transform of Heaviside
function simply, if F(t) is 1, F bar(s) is 1/S we know, and then E power — SA, E power -SA
because we know that F(a) Laplace transform is 1/S, so this is what you can see Laplace
transform or Heaviside function is this one, okay, if A is 0 and you have this 1/S is the Laplace
transform of Heaviside function which is anyway 1 okay, Heaviside function doesn't make any
sense if you take from 0 to infinity it's 1, and if it is 0 it's 1 here because it's a constant function
we're only looking at positive side if you are applying Laplace transform, the positive side is
just a constant function you don't say anything so Laplace transform, translated version of
Laplace transform that is 0 here it's power 1 here and 0 here so a little bit this positive between
0 to some A, if it's 0 and then if it is 1 here that make sense, so the translated version of this
Laplace Heaviside function, Laplace transform is multiplied with the exponential function E
power —SA okay.

Other example which you can do is if F(t) is this, let's say 1 if between T less than 1, -1 ifit's T
is less than 2, 1 between 1 and 2, 0 if T is greater than 2 for example, so what you have is the
function F which is 0 to 1, it's 1, and it is -1 and again so everywhere else it is 0, so you have
this, this is what is you have between 1, 2 this is -1, between 0 to 1 it is 1, okay, so this is what
you have, so if this is the case what is the Laplace transform of F(t) which is a function of S, I
can write this function as an application of this property we can write this function F is as
Heaviside function, so this is for example 1, you can write how we can represent this F(t) as 1
-2 times H(t-1) and then you make it + 2 times H(t-2), so if you have a wave function repeated
wave function for example like this 0 to 1, and this again if it repeats like this you go on adding,
adding and subtracting, for example if | have this and this [ may have to add -2 times H(t-3) + 2
times H(t-4) + 0 and so on, if you have as many as you want as a periodic function if you have
we can write, represent like this because we have only these two so you can easily verify this
one.
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If T is between 0 to 1 what happens? T is between 0 to 1, if T-1 is negative that is O this is, this
will be 0 and this will be between 0 to 1, and this is going to be between, T is between 0 to 1
this is also negative, this is 0 so it is 1, so both are 0 here so it is 1, so this is clear between, T is
between so we can easily see F(t) is which is 1 if T is between O to 1, if T is between 1 to 2
what happens here, so this is 1-2 times H(t-1) when you have T is between 0 to 2 that is
between 0 to 1 that is 1, so -2 and this will be 0 because 0 to -1 so this is 0 so you have -1 here
and between greater than 2, 1-2 between 2 greater than 1 so this is always 1 -2 and then this
plus this is also 2, so if it's greater than 1 if it's T is greater than 2 what happens, thisis 1 1 -2
times, T is greater than 1 2-1 so which is always 1 will be 1 so that is -2 + here 0 to positive
side this is also 2, so this is also 1, so you have canceled this is 1, so this is actually 1, if T
greater than 2 this is 1 this kind of representation is actually 1 here, okay if such a function if
you choose what is the Laplace transform of this is actually you can represent like this that
function what you have is both are same these two are the same so you can write 1 -2 H(t-1) +2
times H(t-2) as a function of S, so because it's a linear operator this integral so you can split this
into, as this is your function 3 terms so you can write it as 3 integrals, each integral will
represent the Laplace transform of 1 that is, this is the Laplace transform of 1 as a function of S-
2 times the Laplace transform of H(t-1) this is function of S +2 times H Laplace transform of
H(t-2) as a function of S, so you can write 1/S if it's a constant function, and -2 times H(t-1)
now we can use this property, E power -SA so we have E power -SAis 1, Ais 1 so you have by
S + 2 times here E power -2S divided by S, so this is exactly what we have as F bar(s) if F is
given like this, okay.
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So what you have is it's not 0 here, what you have is it's completely 1 here, such a thing okay
that is your F(t), but instead of this if you have again if it repeat it's like a wave you may have to
keep on adding it, you may have to add and so on like this alternatively, okay, so minus, first
minus and then plus and so on we'll get, so you keep on adding with terms T-3, T-4 and so on,
H(t-3) H(t-4), the multiplication factor to which you add subtract, add subtract, as an infinite
series that represents this wave function, periodic wave function that you can see.
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So we'll move on to another property, these are the examples for this property that what you
have seen, this shift property so next we’ll look at the other property of this Laplace transform
that is a scaling property this is simple so if a Laplace transform of F(t) is F bar(s) then Laplace



transform of this as a function of S is this, then Laplace transform of F(at) this function, the
scale function is actually what you get is 1/modulus of A times F bar(s/a) provided A is
nonzero, because you are dividing that here so such A, how do we prove this one? This is the
left hand side, Laplace transform of F(at) which is by definition F(at) E power —ST DT, just use
AT as a new variable so you get AT = X for example, so you get ADT = DX and DT I can write
DX/A, so 1/A comes out, when you put T is 0, X is 0 when you put T = infinity, if A is positive,
if a is positive only, if A is positive this is going to be infinity, if A is negative for example, if A
is negative and this becomes -infinity right, so for example A is negative, okay, if A is negative,
A = -1 for example, so you have a minus here, minus, in any case both the cases first do with
positive case if A is positive, okay, let's do with positive cases, if A is positive this is the case.
And what happens to F(x)? AT is X and E power -S times, T is I replace with T as X/A, so |
write S/A so this is equal to 1/A, F bar(s/a), so this is what you have here if A is positive, so A is
negative case we have to see similarly, if A is negative then this integral this is equal to let me
write AT as X, ADT as DX, okay, so the same if A is negative this is the case if A is negative,
okay, so what happens 1/A into DX as your DT, and this is from 0 to -infinity because if A is
negative when you put T = 0 this is 0, X is 0 and then if A is negative T at infinity this has to be
—infinity, F(x) E power —S/A, X is what you have so again you use —X, if youuse -X asa T
variable one more time if you do -DX as DT, so 1/A so if you put 0 X =0, T is 0, X = -infinity
this is + infinity, F of X —t now, and then E power, -X is T so ST/A, DT is DX — DX, so you
have DT is what you have, so you have if A is negative -A is modulus of A, and this is T is,
there is a small issue here A is negative case, so if A is negative case E power S/A —S/DX, 0 to

infinity that is also clear.
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And then now ADX is DA, DT is DX, A is negative, DT is, this is fine so you have S/A X, DX
is DT/A, DX/A so this is clear, this is what you have, so yeah so you can easily see now, so you
can write this as 1/-A, -1/A is —mod A if A is negative, this is 0 to infinity, F(-t) times E power
-S —T/A into DT, F bar(s/a), so let's keep this as A -1 here, so D(-t), -T is a dummy variable so if
you view this like this so this is actually 1/A times Laplace transform of this basically F bar(s/a)
even if A is negative, okay, what is this? I miss some negative sign, if A is negative, F(at) /A E



power —S/AX, if A is negative minus here, so look onto this special case later on, I'm not getting
exactly the same form, so we'll see if A is positive this is the case, we will stop here, so if A is
negative case we will see later, so using this so let's choose this as A positive, okay, so if A
pos1t1ve A positive, so let me choose this way, okay, so this is what is clear.
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So using this so we can do some examples such as if you take like earlier you have this wave
function 0 to infinity, you have square wave function repeated like this and so on, okay, if you
have like that so your F(t) is that H(t) -2 times H(t) -, so suppose this is with A, A is wave
period so every time this is A, every time this is A, so A+ 2A, 3A and so on, 4A, so these are
the values it was, every time you are adding so let me write it as T-A + 2 times Heaviside side
function as T-2A, again now repeats with this you can easily see this represents this one and this
one, so if you add two more it’ll represent this one, so we will add two more so for example
H(t-3a) + 2 times H(t-4a) and so on, you go on get it, so you'll go on getting this as a series,
series represents this wave function, periodic wave function from T positive side, so what
happens to this Fourier transform of Laplace transform of this, is actually you can see, if you
actually see this one F(t) and you have this series here, some series F(t) into E power -ST DT
because of this E power X -ST which is exponential function, exponentially decaying function,
this series if you put it, when you put together this function you can put it into the series F(t)
and that series is uniformly convergent so you can take this integral inside and that sense you
can do term-by-term integration, so if you do that you can easily see that the Laplace transform
of H(t) that is 1/S that is the first one.

Next is 2 times E power H Laplace transform of T-A that is E power -AS divided by S, again 2
times E power minus of, this is 2AS, 2AS divided by S, and next one is -2 times E power -3AS
divided by S and so on, so what this represent is? 1/S comes out you have 1 -2 E power -AS if
you take common so we end up getting one here minus this one E power —AS + E power -2AS
and so on, you will get, you will be getting this series inside, so we get 1/S times 1 -2 times E
power -AS this series is this is less than 1, E power —AS is always, so if you write like this E
power -2AS 1 over 1 + E power —AS, 1 over 1 + E power -AS is this series okay, because
modulus of E power -AS you can assume that this is less than 1 as a geometric progress series,



for sufficiently big S you can always choose, S you have in your control and your given
function F, S you can choose in such a way that S is bigger than this function exponential order
and S is you can always choose somewhere big so that this quality is less than 1, so you have
the series is actually geometric progress series, so that is this.
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So if you actually simplify this will become 1/S times 1 + E power —AS 1 + E power -2AS that
is going to be 1 -E power —AS, so this is nothing but 1/S times you can represent this as E
power —AS/2 + AS/2 or rather + A/2 minus minus, and so that here also you can write AS/2 +
S/2 so this together is, this is same as the earlier one, so let me write separately this is one way,
this is what you have earlier so what you do is 1/S times you take E power —AS/2 out here so
you get E power plus here, to get 1 you have to add AS/2 and here because you have taken this
out another half that remains AS/2 divided by again here also you do the same technique AS/ 2
if you take so you have AS/2 here, plus here you have —AS/2, so this gets cancelled what you
have is 1/S times, 1/S times this is nothing but tan hyperbolic SA/2, so this is exactly your
Laplace transform of this function, such a function this periodic wave function which repeats,
so that is what is the Laplace transform we can calculate easily.



L Transtorm Technigues far Enganeers 3 - Windows Jouma - = “
Fe Edi View Wnst Actoss Took Help
2 Bl e S o' al  FEXES
EEEETEE LI | - - — .
T — ! 3 e = X
4 = e M- L-ae 1= _ae_ .. .-
T®= |4 - e 1 -
]

_.—-—-'-"'
:LG_ L
4 |+¢
_ ad oty —"v',a'l_
| l—f:,M o ¢"’(E _e
g = T4 ok, ;@ =
4| xe 'Ef(ak'-g—t J
Tr =1 QB?-{\ o,
B = N g
) ; - |
N - d

So you can easily see that this example what we used this scaling, actually we have not used the

scaling here, right, we have not used this is one scaling property, scaling property we have not
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used, so this is a scaling property this is not an example for scaling property, so this is the
general example, so example of periodic function, okay, Fourier transform, example of periodic
function, this is not actually application of this property. So anyway, so you have these are the
functions we don't need to scale here so directly if you calculate so you end up getting this one,
so in general if F is a periodic function another example is general periodic function if you take
if you know that F(t) is a periodic function, there is a periodic function with period let us say A
then such is this one, okay, so this is a periodic function with period A it repeats right, it's



actually this is actually repeating, this is a periodic function of period 2A here, okay, and that is
not A, so here we choose this periodic function with period A and if Laplace transform of F
exists, then what is the Laplace transform of F(t) when exists, when it exists is Laplace
transform of F(t) which is equal to 1 -E power -AS for which you take the inverse, so 1 over
this, 1 over 1 -E power -AS times F so you have this integral 0 to A with your period, and E
power -ST F(t) DT, so this you can easily see directly by calculating what is the Laplace
transform, so what is given solution for this is if F(t) is a function with period A, so this is
F(t+a) for every T positive this is the case, and assume that A is positive so A is also positive
period A.

So what happens if you calculate the Laplace transform of F(t) as a function of S which is F
bar(s) as 0 to infinity F(t) E power -ST DT by definition, if it exist as an integral what you do is
you write this as between 0 to A, F(t) E power -ST DT + A to infinity I split this into two
integrals, so what you do here is I try to put this as T+A as X, okay, or T-A = X, if I use this
change of variable in this integral, okay, so what you get is DT is DX so you have this as it is,
F(t) E power —ST DT + this integral F of, T is A+X X + A, F(x+a) is nothing but F(x) becaus:.
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of periodicity, so this times E power -ST is X+A times DT is DX when you put T=A, X =0,
and T equal to infinity this is infinity, so you end up getting 0 to A, F(t) E power -ST times DT
+ here E power -SA comes out this integral is F(x+a) is F(x) E power - SX DX this is nothing
but Fourier Laplace transform of F, so this is F bar(s) this is also F bar(s), so if you combine this
is the result, F bar(s) is 1 over 1-E power —SA times this integral F(t) times E power —ST
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DT, so if you know that is Apriori it's a periodic function you can simply if you evaluate this
integral that is enough to get your Laplace transform, okay, that's what, this technique you can
apply here rather here also you can use in this example where you choose this, this series
infinite thing you have, this series, this is a periodic function with period 2A so if you use this
periodic function 2A so you end up getting this one, you can directly calculate from this integral

from this formula also you can get the same result, okay.
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So this property for a periodic function what is its Laplace transform, that we can call this as

property number 4, okay, so 4 is the this property if you have a periodic function the Laplace
transform of it is given like this, and for which you have seen this example and property 3 is
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this I'm rounding up whichever is the property, examples without rounding up, so second is this
property, and the first one is, these are the examples and this is our first property, so we’ll see
one by one and if you see look at the property 3 that is if F bar(s) is the Laplace transform of
F(t) and this is what we have seen if A is positive, if A is negative you can work out similarly
and see that, you will see the same thing so this is actually valid for any A positive, so for any A
real number.
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So let me say this whatever may be A, so it just doesn't matter so this is actually true, so we will

see that 1/A so this property is true for every A belongs to real numbers, so that's property 3,
and you have seen a periodic function if you have, what is its Laplace transform and that is by




this formula as this, so if you work out if you apply that formula to this function with the period
2A so you can come to the same conclusion that is this, so you can verify that, that we can give
is an exercise, so directly you calculate it as a series and you use the property of linear property
of this Laplace transform, that is obvious property that we used and the series, a converging
uniformly so you have this integral you can do term by term integration, so I have not shown
why this is uniformly convergent this integral, Laplace transform and it exists it's uniformly
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convergent for some, from S greater than some number, some real number, real part of S is
bigger than, let us say some A, where A is order of exponentiality of the function F(t) if that is
the case you can do, once this is uniformly convergent if this series is also kind of such thing if
you have a series like this and you can do the term by term, so this is the kind of series you
have, if the series is you can see that is uniformly convergent, you can see that this is actually
true because it's a periodic function with period 2A, so it’s between 0 to 2A is actually finite
thing, this is valid and this is a continuous function on a finite this is on an interval, this is a
bounded so that is actually this uniformly convergent that's what you can easily see, so because
of that is uniformly convergent series so if you integrate so you can take this integral inside
that's what, that is the property we have used and see that this is your transformation, so this is a
Laplace transform of such series, such uniformly convergent series.

Instead if you see that function, given function which is a series which is a periodic function of
period 2A and you apply this formula, so you end up getting you calculate only this integral you
will see that you get the same result okay, so and we can also see some property that is a
property of the Laplace transform, that is Laplace transform is uniformly convergent, so let me
do that, so we use this in the derivatives differentiation we use this property that is let me call
this some, this is the property number 4, so let me see call it 5, this property 5 is, if F bar(s) is a,
is the Laplace transform of F(t) as a function of S then rather let me put it, so if F(t) is
exponential function of order E power AT, as T goes to infinity then the Laplace integral that is
a Laplace transform then this integral E power -ST or F(t) times E power -ST is uniformly
convergent, uniformly convergent with respect to S, for S is greater than or equal to, or rather S
is greater than A, okay, so this you can easily, this is a kind of form so you have, you might



have seen a series N is from 0 to infinity some FN(x) this is a series of functions, if this is
converging uniformly means as a function of this is, you can see that this is after integration this
is a function of S so you can see that this is a sum, this is also kind of sum, and you see that this
is uniformly convergent means is a function of X, so this can be made less than, this converges
to or rather if you put some K this converges to the series, N is from 0 to infinity, FN(x) as K
goes to infinity, okay, so what does it mean so this means this minus this can be made less than
epsilon whenever N is bigger than some big number, okay, so that's what it means, rather K is,
this is N is this, so K is bigger than some big number N let's call this, okay, this is actually K, N
is actually depending on both epsilon and this also function value X, this value set X.

So if I can find such a N’s for every X value that is valid wherever X belongs to let us say some
domain, some domain D, okay, so for every X if I can find such a big maximum sum N epsilon
for each X if you have a maximum value of N epsilon of, this N existing big number, epsilon of
X, X belongs to D, if this is your big number, okay, then this N if such a maximum exists are
the supremum exist, supremum says something which need not be exact, if it's a finite you call
this, let's call this Maxima if you don't follow, so or something bigger than all these numbers,
okay, if it exists such a number that works for every X in D, so that is the meaning of uniform
convergence, then you say that this series is converging as K goes to infinity converges

uniformly.
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So the same way you can see this one also, so the same argument holds good, once this is
uniformly convergent this series you can do term by term differentiation and term by term
integration, so we see the same thing as a function of S if it is bounded with some other integral
which is independent of this function, independent of this variable S then you say that is
uniformly convergent, so this is simple to prove, proof let me give you since F is of this order
and you see that F(t) times E power -ST this one, this if you estimate this will be less than
because F(t) is K times some constant times E power AT, as T goes to infinity then you have E
power -ST this is the modulus, so this is less than or equal to K times E power -T times, this is
going to be S-A, these all positive.




Now if S is bigger than A, so you choose some Al, let Al is bigger than A, then mod of F(t)
times the above this is less than or equal to K times E power -T times Al-A, okay, so this is
true, where is this valid? S is bigger than or equal to A1, for every S if you take S is, for every S
bigger than or equal to Al this is always, this quantity is always bigger than that, so this is this,
this is always bigger than or equal to K times E power -T times Al-A, if Al is less than S or
equal to S, okay, because of equality, so that is what [ have chosen, so if I choose Al bigger
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than A then you can write this, this quantity is, because S is bigger than A, and you can write it
like this, so instead of writing this you can easily, you can just use this one, if S is bigger than or
equal to Al, okay, so where A1 with Al is bigger than A let us say, so such a thing this is

always true, so that means left-hand side is independent of, depending on S, this is independent
of S, so you can take the integration, integration of F(t) E power -ST 0 to infinity, this is less
than or equal to, so this is uniformly convergent, so this exists, okay.

This is because this integration will be the less than or equal to 0 to infinity, modulus of F(t)
times E power -ST DT this is less than or equal to K times integral 0 to infinity E power -T
times A1-A DT this is actually finite, this is true because this is true for every S bigger than or
equal to A1 which is bigger than A, that is the meaning, okay, so this is the meaning of
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uniformly convergent function of S, independent of S beyond some S bigger than A you have

uniform convergence, so because of this I can take F bar(s) which is integral 0 to infinity E
power -ST into F(t) DT this is uniformly convergent integral, so I can differentiate with respect
to S, with respect to S so that I can take this derivative, inside this integral just like how I take,
if it is uniformly convergent series is a function of X, N is from 1 to infinity let us say, 0 to
infinity I can differentiate this whole thing as I can take this derivative inside this is same as N
is from O to infinity, FN dash(x), so same thing, so this is same as integral 0 to infinity DDS of
the integrant E power minus ST F(t) DT okay, this is true only if this is true, so this is uniformly
convergent, because this is uniformly convergent we can prove that this is true and you can also
do the integration of F bar(s) DX.

Now let us say some, wherever S is the domain, if S is bigger than A so you can think of S2,
wherever S is S to infinity, S to infinity you can integrate as this function, and this is integration
of S to infinity, DS of this integral 0 to infinity F(t) E power —ST DT, so this is again I can take
this integral inside this integral, okay, so that is same as 0 to infinity integral S to infinity E
power -ST DS F(t) DT, so these are same, both are same only when it's a because that integral
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is uniformly convergent, so this is the property important property which is analogous to what
we had in series functional series, function series that is where if you talk of this notion called
uniformly convergent, convergence because of this you can do term by term differentiation,
term by term integration in the series, the same thing is you can do for if it is the integral, so
summation is also, the integration is after all is the summation limit of a summation that's what,
that's the reason we can do these two results based on that, so you can one can show that, okﬂaz.ﬂ
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So you take this as an property and then we can do differentiation of Laplace transforms, so
look at the Laplace transform of its derivative, so if I have so far we have seen certain
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properties of Laplace transform that is to start with what is the scaling property, shifting

properties, I start with the shifting properties and then 1 or 2 or the first two shifting properties
and then we had a scaling property, and then what is the Laplace transform of the periodic
function, how do you get the, what is the formula for that, there is another property and also we
have seen this Laplace transform is, if this Laplace transform is uniformly convergent integral
which is independent, that means is a finite for all, so it is bounded with some number, some
integral that is independent of S so that is kind of uniform convergence so that you can do term
by term differentiation, term by term integration of this integral, so that means so you can
differ, derivative you can take it inside this integral or integration when you do the integration
of this Laplace transform you can take that integral inside the other integral, okay, inside the
integral of the Laplace transform.

So these are the properties we had so far, so we’ll look at derivatives and other properties of this
Laplace transform in the next video. Thank you very much.
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