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Lecture - 52
Trapezoidal Rule and Runge-Kutta Method

In this lecture, we will be looking at another numerical method technique; that is will
actually look at two. First, we look at integration, how we can integrate a function, there
are several methods for doing that. We will look at only one method and you can after
that; you can look up at for other methods. Next will proceed to see, how ordinary
differential equation can be solved using numerical techniques using program. So, first of

all let us start with integration.
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Now, all of you know; what integration means given a particular function given a
particular function integration is. So, I have got a function like this and I want to
integrate suppose this function is f x and I want to integrate it within the range a and b.
So, we write that as integral a to b of f x, right and you also know that this integration
actually means the area that is under this curve, all right, this value is the integration. So,
we will look at how we can solved this problem. The simplest a very simple method is a

trapezoidal method which will discuss here. So, you can see that ok.
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Method Derived From Geometry

The area under the
curve is a trapezoid.
The integral

:l._j (x)ey = drea of trapezoid
| ——————
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Let me go back to this this case. Now, you can see that I can approximate this curve in a
very simplestic case using a trapezoid, right. So, I have got a trapezoid here, let me draw
in blue. So, the area under this trapezoid, this is wade itself. So, the area under this
trapezoid is approximating under this trapezoid is approximating the area under the
curve, but that is becoming possible here except for this error that is becoming possible
here here because the curve was very much not very scude in that sense, but if the curve

where something like this.
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That save; it was something like this and I was trying to integrate it between these
rangers then if I had fitted a trapezoid here, then the amount of error would be much
more because [ will be committing errors at this points ok, I will I am not considering

this I am over considering this points, etcetera.

So, the error will be more. So, it is not always the case that a simple trapezoid one single
trapezoid will solve, but let us start with that and try to understand how we can go ahead
with the problem. So, the area under the curve in this particular curve as you can see here
this particular curve that has gone through this is a trapezoid under the curve is a
trapezoid this part if [ assumed to be a trapezoid in that case the integral of f x d x is the
area of the trapezoid and we know that the area of a trapezoid is not nothing, but half the

sum of the parallel sides; that means, f a plus £ b divided by the height.

Now, if I look at it this is a parallel sides then the height is this b minus a this amount,
right. So, this is a known result therefore, I can see if I can approximate a curve by a
single trapezoid in this way b minus a times f a, f b plus fa by 2 or fa plus f b by 2, but
of course, we will see that there can be errors due to this approximation, but this is a
simple formula which we can quickly compute is very easy to write a program for that
you have got a function that will compute the curve. So, you call it for a and call it for b

and compute this expression, you will get the integrate integral all right.
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Example 1 } :
3 30

The vertical distance covered by a rocket fram t=8 to t=30
seconds is given by:

140000 ] )

v = [| 2000 (98¢ |dr o
A | 140000 - 21007 |

a) Usesingle segment Trapezoidal rule to find the distance covered.
b) Find the true error, E for part (a). !
¢) Find the absolute relative true error, ¥-lfor part (a).




So, here is an example why is it important suppose the vertical distance covered by a
rocket from time 8 to 30. So, my timeline is from 8 seconds to 30 seconds is given by
this formula, all right. So, the vertical distance overall total vertical distances is this is a
complicated formula now using single segment trapezoidal rule, let us try to find the

distance covered, let us try to find out the distance covered for this.
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a) D mi,!rml,fwr;‘
a=8 bh=30
40000
Fie) = 2000l IHON 9,80
| 140000 — 21007 |
F(8)= 2000/ 400 9.8(8) 177.27 ;
& . | o ¢ f.iim
140000 — 2100/8) | e
140000
F130 ) = 2000 fn 0.8/30) 901.67 m/s -\é-—
: | 140000 ~2100(30) | e
4

So, we know for 8 and for 30, if I compute this function this was my function.

So, for f 8, my function is yielding this value and for f 30 the function is yielding, this
value, we can compute using you can use your calculator and find it out that you need
not do right now. So, you can compute the values at these 2 points because this is the
overall function and next. So, this is the f 8 and f 30. So, what will be my integral my

integral will therefore, be 30 minus 8 b minus a f a plus ab by 2.
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Solution (cont)

b) E, = True Value - Approximae Value

11061 - 11868

0T m -
c) The absolute relative true error, fe.| , would be
11061 - 11868] ———

I, = 100 72050 %

11061

=
‘PR eSS BN

So, that is coming to this value sorry that is coming to 11868 meter, the distance covered

is this, but; however, the exact value if you computed the exact value if you do a detailed

computation will be 11061 meter. So, there is an error; obviously, there is an error

because I have approximated the curve using a trapezoid. Now, let us see how great is the

error how big is the error.

So, we can see that the true error is minus 807 meter, right; that is quite significant 800

meters and the absolute relative error which is the actual error true value and the

computed value and divided by the true value you find that I am getting 7 percent more

than 7 percent error, how can you better it how can you better with.
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Multiple Segment Trapezoidal Rule

In Example 1, the true error using single segment trapezoidal rule was
large. We can divide the interval [8,30] into [8,19] and [19,30] intervals
and apply Trapezoidal rule over each segment.

rit) "nl):]h[ 140000 | 9.8
. B "\ 140000 — 21000 ) /
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[ (8)+ [{19 (19)+ f(3
19 Mi,j.r )3ij w il JL,!( 0)

+ 3019 )
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Therefore, so, our answer will be will instead of applying a single fitting in a single
trapezoid, I can try to fit in more than one trapezoid here like something like this that
these trapezoid here I fit in one trapezoid here I fit in another trapezoid here and I hereby

I can approximate I can minimize my error to some extent.

So, here; what we are trying to do instead of taking 8 and 30 and fitting in one trapezoid
for the whole thing install fitting and one trapezoid for the whole thing what we are
trying to do is we are fitting in one trip trapezoid for 8 to 19 and other for 19 to 30 ok.
So, now, again using the same formula we find them here is one 19 to 8 to 19, this is the
integral plus the other trapezoid is giving me this. So, I am fitting in 2 trapezoids now

clear.



(Refer Slide Time: 08:45)

Multiple Segment Trapezoidal Rule

With
f(8)=171.27Tm/s
Se30)=901.67Tm/ s
S(19)=48475m/s
Hence:

e (48474 + 90167
177.27+484 |+0-15§ 184.78 +901

(R

| £ind = (19— 8y

11266 m
—

So, if I do that; then let us see whether the result is being bettered. So, I compute f 8 at f
30 and f 19 and compute both of these values the areas under the curve here and here and

the result is 11266 meters. Now how far is it from the actual now you can see.
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Multiple Segment Trapezoidal Rule

The true error is: E, =11061-11266

205 m

The true error now is reduced from -807 myfo -205 m.

Extending this procedure to divide the interval into equal
segments to apply the Trapezoidal rule; the sum of the
results obtained for each segment is the approximate
value of the integral.

BRI T =1 A L

That the true error is now has reduced from 807 meters to 205 meters. So, that tells us
that if we can extend this procedure and fitting more and smaller that more number of

trapezoids my error will come down for the still taking q from this idea.
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Multiple Segment Trapezoidal Rule

Divide into equal segments
as shown in Figure 4. Then
the width of each segment is:

h=
h-a

h b-a
n

The integral I is:

I _rj {x Jddx

Figure 41 Mulilpie (n=4) Seqmeni Trapezokdal Rule

What is being done is the multiple segment trapezoidal rule; therefore, is that we divide
into equal segments. So, here is one trapezoid here is one is its not coming here, let us
see. So, here is one trapezoid here is another trapezoid here is another trapezoid and here
is another trapezoid, I am getting 4 trapezoids here and trying to formulate this I can do
that in this way. So, the integral is this whole thing which will be a sum of these
trapezoids remember each these lines these lines this distance is the same. So, I am

dividing b minus a by some particular value n and that is my h.

So, this is h this is h this is h like that I am going for equidistant points and drawing the

trapezoid from there.
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Trapezoid Rule
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So, therefore, if I follow this as is shown in this way, the trapezoid will rule the trapezoid

will rule can be written as integral of a from a to b is sum of half fn plus fm plus 1; that is

f a plus f b by 2 times the particular distance that is there x 0 x 1 minus a X minus x 1

usually do it in the equidistant watt.
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Multiple Segment Trapezoidal Rule

The integral /can be broken into / integrals as:

b s a+3h asfn=1 )k b
[ f(xdedx [fexddes [ frxddet ..+ [fix)det [ [ffx)dy
a " asfn=2}h

a avh avin=1jh

Applying Trapezoidal rule on each segment gives:

b B=ci [n) i
_[j'f.\'fcr’.\' = | N:H-J-,)_jra-rh)l I_frf:;l
a =n 1 Li=]
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Ok. So, now, multi segment trapezoidal rule is therefore, an integral I you can be broken

down this symbol from a to a plus h, I can have fx d x aplush2 aplus 2 h fx d x plus 8

plusn2h2aplusnlhfxdxaplus nminus 1 is tob.



So, all the segment serving as it together applying this I get this formula b by a divided
by 2 and because if n is coming 2 is coming n times. So, f a plus f b plus 2 into f a plus
size because that is coming twice here once and here, once you see here f a plus h will

come here f a plus h will come right ok.
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Example 2
The vertical distance covered by a rocket from to seconds is
given by:
o 000 \
x = f[ 20001 —2X ‘J.Hrlr.‘r
3\ 140000 - 2100¢

a) Use two-segment Trapezoidal rule to find the distance covered.
b) Find the true error, L for part (a).
c) Find the absolute relative true error, |%./for part (a).

13
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So, using this let us do the example again the same thing using 2 segment Trapezoidal

rule, we could find that the error is coming down.
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Solution

a) The selution using 2-segment Trapezoidal rule is

b g | -
E= .rhu-.’l\ fia+ihiy+ ,rn'u‘

2n

b-a 0 -8

i
L

£

s
i =

I*
i il
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Solution (cont)

Then:
30 -8
I _.r.'t~':~_‘|'\ ,im-n’ul + f130)
2(2) |= | |
22
LI,ffzh-l:fl'?ﬁ-,fr.“‘rul
)

Z2177.27 + 27 484.75 ) + 901.67|
4

11266 m
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Solution (cont)

b) The exact value of the above integral is

140000 |

98¢ |di =11061 m
00 - 21007 | )

¥ -”- ::mn.fui i

so the true error is
Jn’

E, = True Value - Approximat Value

11061 = 11266

i .
A

l‘%“ I
L b | il

We have already seen that the true value of error is coming down.
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Solution (cont)

€)  The absolute relative true error, .l , would be

True Emor
1 <100
True Value

A& il

And the absolute relative error has come to 1.853.
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[ f(x)de = S(f(a)+2f(a+h)+2f(a+2h)+....+ f (b))

—— —_— —
main() \
{intn.i; double a.b.hx sum=0.integral b _a G
[*Ask the user for necessary input */
printf(\\nEnter the no. of sub-intervals: ")
1 &n

nEnter the initial limit: " I m

%y s
printf("\nEnter the final limit: *)
scanf("%I" &b)
Begin Integral Computation */
h=fabs(b-a)'n k)
for(i=1;i<n:i++ o+ \‘“
{x=a+i"h

sum=sum-+{(x}

intagral=(h/2)*(fla)+f(b)+2*sum)

*Print the answer */ b
printf("\nThe integral is: %Ifn".integral).}
%
i

So, now let us come to ¢ programming, straightway; how can we encode it using a c

program you see here. So, I am reproducing the result here again.

So, integral of f x d x between a and b will be h by 2 fa plus 2 fa plus h plus 2 fa plus 2
h why this 2 is coming because in the first zone fa and f f f a plus h second zone f a plus
h plus f a plus 2 h. So, each of these intermediate points are coming twice that is why

these 2 and I have got this formula. Now, as a ¢ programmer, your task is very simple



you see here that I have defined n i; whatever I am asking the user for the necessary
inputs how many number of subintervals that you want to have the initial limit a you are

reading the initial limit b all those things you are reading.

Now, the integral computation is done here what is being done h is I am finding out the
absolute value of b because b and a b minus a divided by n and I am taking the absolute
value of that all right because it could have gone on the other side. So, now, here I am
just computing the sum, what is sum this part? What initially x is a plus i h sum plus f x.
So, each of them next time, it is becoming to all those things I am adding here. So, here |
am in a loop I am doing a plus i h initially 1 is 1. So, 1 h 2 h like that I am going on doing

that.

And ultimately and I am completing the sum here some plus f x and note that f x x is a
separate function that is being kept somewhere here and then ultimately I find the sum is
these things a plus h this points. Now integral is h by 2 this part f a plus fb plus fa plus f
b plus twice the sum a plus a h a plus 2 h a plus k h like that that, but has been a plus i h
has been completed inside this loop and that I had with 2 here and here is my integral.

So, that is the trapezoidal rule it is the program is.

So simple, if you understand the concept ok, next we will move to another very
important engineering computation that is needed is solving ordinary differential

equations quickly lets all of you know what a differential equation is.
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Runge-Kutta 4" Order Method

http://numericalmethods.eng.usf.edu




And we will in particular look at Runge Kutta fourth order method and here I will show
examples that you can also find in this site of University of South Florida numerical
methods and I have taken the slides from them with the permission. Now you see how to
write an ordinary differential equation now an ordinary differential equation you know is

dydxfxyok.
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How to write Ordinary Differential Equation

How does one write a first order differential equation in the form of

dy
flx.y)
= Yy

l-imnnplr/
. - -
L iay=tie ' vk ReA
y
s rewnitten as C A;- H
;‘ L3¢ =2y, M0)=5

Ins this case

Slxy)=13"" -2y b

Now, d y d x; so, up how do I write it I write it as suppose this is something given d y d x
plus 2 y is 1.3 into e power minus x and what is this part? This is the initial condition ok.
Now this can be really nice by just changing the directions because I have to bring it to
this form d y d x is 1.3 € minus x minus 2 y. So, in this case we will assume that our f x y
f x y, there is a divide x is 1.3 this thing then e to the power minus x minus 2 y this is our

function differential equation that we will have to solve.
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Runge-Kutta 4t Order Method

& .
For o rix ), 3(0) =y,

dx
Runge Kutta 4" order method is given by J{L(kl + lk"" + lkb + k"l)

So, for d y d x, the Runge Kutta fourth order method, I am not going into the derivation
of it for positive of time and you can always look at look into this at any website or you
can look at any numerical method textbook. So, the Runge Kutta fourth order method
takes 4 terms and if this is the expression given this d y d x my task of solving a
differential equation is to find a particular y, right. So, what we are trying to do y 1 plus 1
is y 1; some particular w i plus 1 by 6 followed by a term and what is that term 1 plus 2 k
2 plus 2 k 3 plus k 4, this whole thing multiplied by h. H is the again the sampling that

that is a the distance between the individual points that we looked at; now what is k 1.

So, k 1 is nothing, but when I am taking for y 1 f x 1 y i that particular function is k 1 that
is k 2 k 2 is f of. So, suppose there is a curve. Now I have been given the slope, I do not
know the curve. So, I have to if I know the curve within the same problem, if I know the
curve, then I can find out the value of any particular y i plus 1 given any y i. Now given
any y 1, [ am trying to guess the curve right, I am trying to solve the curve. So, x 1 was
here x 1 plus half h, I am taking whatever was my h, I am taking half of h and what is the
white part of this function y i plus half of k 1 h ok.

So, because k 1 was f1k 1 was the function that was giving y given an x that was giving
ay for an x. So, I am taking this what is k 3 k 3 is again this party same x 1 plus half h,
but this part is now becoming much more predictive. So, it is half of k 2 h half of k 2;

that means, o whatever has been completed here times h and k 4 is x 1 plus h, the last one



is x 1 plus h because I am trying to find solve the equation within this zone h. So, x 1 plus
h 1 start with x 1 and this is x 1 plus h all right k 3 h here there is no half. Now this
derivation you can look at that ultimately I multiply with 1 by 6.
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Runge-Kutta 4t Order Method

& .
For o rix ), 0(0) =y,
dx

Runge Kutta 4™ order method is given by

1
Viy = ¥, 4= (b + 2k, + 2k, + k)
L3

where

k= fx.y)

k £l x 11'f.|_|1 h
=A%+ 2hy + Ligh)

ky =[x, + by, +kh)

W B O L 4 Elppllog=usdPodvid

So, given this Runge Kutta formula let us quickly look at an example that we have a nice

thing to look at.
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Example
p he®

A ball at 1200K is allowed to cool down in air at an ambient temperature
of 300K. Assuming heat is lost only due to mdiation, the differential
equation for the temperature of the ball is given by

‘: 2.2067 <107 (@ = 81210" | 6{0) = 1 200K g—”"'-"-' EP
——F—

Find the temperature at 1 =480 seconds using Runge-Kutta 4® order method
—
Assume |;rg'p\|ru|\1' i =240 seconds

]
i

2.2067 =107 (@ = 31=10") *._-—

Fle,0) = -2.2067 <100 -81 10" )

B =0+l + 2k, 420, 4k ?‘ K“

&

AN R NI - At e Vi

Suppose a ball is at 1200 Kelvin and is allowed to cool down in air in an ambient

temperature of 300 Kelvin. So, the here the ball was heated, hence cooling down



assuming that the heat is lost only due to radiation the differential equation for the
temperature is given here. This one, all right where theta 0; we know initial condition is
1200 Kelvin; find the temperature at t 480. So, what is my x i and so, now, if [ assume a
step size of 240, I want to find out the temperature at 480. So, suppose it was up at a

particular temperature after 480 seconds.

So, here is time, it was at 1200 and I have got some radiation formula using which it is
coming down. So, I want to find out what would the temperature be at 480 seconds; 480
seconds from the starting point where it was 1200 degree Kelvin, I want to find out this
temperature that is the y i, I want to find ait find out given the slope of this differential

equation.

So, assuming a step size of each to be 240 half of this if I take half of this 240, then d
theta d t, you can compute that here if you compute the d 3 d 3 that it is here. So, my
formula will be theta i and theta 1; k 1 plus 2 k 2 plus 2 k 3 plus k 4 divided by 6 times h

that is the Runge Kutta formula of a formula. So, that is what I want to find out so right.
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Step 1 =0, =08 = H0) = 1200
ko= i@, )= £(0,1200)= =2,2067210°(1200* =81 = 10" )= =4,5579 e
fi Ll T oy 1 A \
Ky = Sty 45 by + SR | = f] 04 - (240112004 — (- 4.5579)240
F120,653.08) = <2, 2067 107 (653,058 <81x10" )= <0.38347 ig—
4 g 1 ( 1 ABTAT 1
k=M1, +=h8,+ I | = f] 04+ —(240)1200 + —(- 0.3834 ):ul|
2 2 I 2 2
f120,1154.0) = 2.2067 <10 (1154.0° - 81x10" )= -3,8954 g
&, Fle, + M+ k)= 10+ (240)1200 +(- 3,984 )240)
1(240,265.10) = 2.2067 = 107%(265.10* —81 <10 ) = 0.0069750 e
Fa

So, now stay pond; you see, I am not going into all these calculations, but I am finding
out the value of k 1, all right, I am finding out the value of k 2 using this value of k 1, k 1
is being used here and I find out the value of k 2 again the value of k 2 is being used
here, I find out the value of k 3 and k 3 is being used here I find out the value of k 4, I

find out those values all right manually I am doing that now.
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Solution Cont

1
0 = G, 4 —(k, +2k, 4 2k, + k0
3
1
1200 4+ = (= 4.5579 4 2(=0.38347 )+ 2(=3.8054 )+ (0.069750 ))240
6
1
1200+ = (- 2.1848)240
[

‘s‘:‘ﬂ 65K ]

), s the approximate temperature at

t=t =ty +h = 04240 = 240
—

#(240) = 6, = 675.65K
il
LY

W B © L 8 Epwl

So, the solution therefore, the approx then theta 0 was 1200 initial condition and here I
put in the values of this times h h plus 240. So, I have taken it at the midpoint. So, I find
that that the temperature sorry the temperature that would be would be 675.65; that is the
approximate temperature at 240, all right. So, this will be the value at 240. Next I have to
find out at 480. So, what would I do?
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Solution Cont

Step2: (=14 =240,6, = 675.65K
Ky = f(1,6,)= f(24067568)= -2.2067x 107 (675,65 -81x10' )= -0.44199 o

1 1
ki | = f] 240+ = (2401675654 I| 0.44199)240 |

e
B=flh+= L8+
F36067261) = =2.2067x10 (62261 ~81x10" )= ~0.31372 f—
{ 1 1 { 1 - 1 —
k= f11,+ 1-'r. 8 +—kh | = f] 240+ ‘(_‘-|(|l.r> 5,65 + ‘[ 0.31372)240 |
F(360,638.00) = 22067 107 (638.00" —B1x10" |= -0.34775 <.._'_
k= flt,+h8 + kh)= f{240 + (240 675,65 + (- 0.34775)240)

F480,592,19) = 2.2067 1077 (592,19* =81 210" )= <0 2535] —ﬁ—'_’
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Step 2; I have taken I have taken had half point, I found out now my initial value theta 0

is changing.



Now, again do the same thing find out k 1 find out k 2 find out k 3 find out k 4. Now
with this initial condition using the same function all right h is again, what is what will
be h; h will be again 240 because I have to find it out at 480 right at 480 degree

temperature.
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Solution Cont

8, =8 +L(k 42k, + 2k, + kYo
]
675.65 4 :[ 0.44199 +2(= 031372 )+ 2(-0.34775 )+ (- 0.25351))240
il

|
675.65+—(—2.0184 240
6

504 01K  ailfp—

6, is the approximate temperature at

f, =1+ h=2404 240 =480

@480 )= &, = 59 91K

&
\ Ei /1

So, now, I find out that using theta one is now 675.65 that is approximate value that I got
earlier and I compute this I find out using the same Runge Kutta method that this is the
approximate temperature at 480 degree at 480 seconds would be 594.91 degree Kelvin
ok. This is how we apply Runge Kutta method and very useful.
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Solution Cont

The exact solution of the ordinary differential equation is given by the
solution of a non-linear equation as

0 =300 i
0.92593 In - 1.8519 tan ™' (0.003330)= —0.22067 =101 - 2.9282

6+ 300

The solution to this nonlinear equation at t=480 seconds s

B{A80) = 647 57K

So, the exact solution of the differential equation is 647.57, if I solve it now, it was and

we got it how much 594.91 and 594.91.

So, it was not very far, not very far around 50 degree Kelvin that is certainly an

approximation.
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winclude=stdio.h= 1
#include<math.h= o =Xk
float f{floatx floaty);
intmain() K f!\n )
floatx0,y0,k1,k2,k3,kd k y,xh.xn; k= ] x4 LY o lin)
printf{"Enter x0,y0,xn,h:"); \
scanf("%f % %F %", &x0,&y0, xn &h); R (R
w=x(; A
y=y0,
printf{("\mnX\tYin"); k,

whila{x<xn)

1
5 R
1, 1,
Shy,+ \}. h|

flx, + by + k)

k1={x0,y0); ki
k2=f{(x0+h/2.0),{y0+rf1*h/2.0)); floatf(floatx,floaty)
k3=f{(x0+h/2.0(yD+gh2*h/2.0)); |

ka=f{{x0+h),(yO+ A3 *h)); floatm;
k=Hml*Z‘m2°2'1}4m4]fﬁ?. me(x-y)/ (xey);

yEy+gih | urnm;
__-3&"1 =

printf{"3%ALAR" X y); j
———
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So, now we have understood; what is Runge Kutta method.



Now, | want to write a ¢ program for it again you might find the approach to be
mathematically very novel maybe in cricket, you may find some initial difficulty in
understanding, but I am sure you will understand it very fast, but you will see that the
encoding, it is a ¢ program is or as a program is really simple. Now you are learning see
you can in future will be using MATLAB and other things, you will be able to solve it
very easily, I am showing you the c solution here on this site, I have kept what we learnt
till now, right y i plus 1; that means, in our case the temperature at 480 degree is
temperature at 240 degree plus this and k 1 is f x y k 2 is f x 1 this one f x 1 plus half h

plus y i plus half k 1 h etcetera, etcetera, etcetera.

So, now let us look at the program we have got the math function everything ready. Now
this function some of this function has to be written off this function is here its being
shown as a very simple function it can be any function the differential equation function
that earlier function that we have shown that log function that you have to write ok. So,
here is an example of a simple function x minus y y X plus y just what elastity function
whatever is your differential I mean sorry, the differ the devidates given that will come in
this function. So, now, you see here I did how many times at the age value x 0 x 1 value
all these things I read now the key key things comes here this is the implementation of

the Runge Kutta method. So, very simple, you see, I am computing k 1 k oneis fx 0y 0.

So, I am coming to this function computing x 0 y 0, then I am going back computing k 2
for x 0 plus h by 2, h has been read here scan f h has been read ok. This h has been read,
then y 0 plus m 1, I am sorry, here it should be k 1 k 1, this would be k 2, all these m s
you read it as k, ok. This is k 3, this is k 3, this is k 2 times h. So, actually we are
computing this thing straight way, I am computing all these and then y is a sign y plus k

8, sorry, this whole thing is k 8 here this will also be k.

So, it will be this statement will be y will b y plus k h y plus k h right and xx plus h I am
incrementing x and going on all right I am doing it for 2 intervals you like I come over
here. So, I ultimately come to this print f and I print the value of y for a particular x that
is the Runge Kutta. So, this this is straight way amenable to some ¢ program and for each

of these fs, you are calling you are calling the function every time, all right.

So, this is the Runge Kutta method for solving a differential equation. So, I had

encourage you to look at other methods of a integration like Simpsons. One third rule is a



very popular method and differentially equation Runge Kutta. This is known as Runge
Kutta fourth order method because we are taking 4 terms, here, there are even, but this
works very well for most of the engineering problems. So, I will encourage you to write
programs on this and later on hence fourth, we will move to another interesting aspect
that is known as recursion a new style of programming which will take up in the next

lecture.

Thank you.



