Nuwerical Methods

The last few doys we have been discussing differential equations
ond how to solve fhem. But what happens” when we encounter one
we con't solve?

Tf we are given a differentiol eq%a'\'ion with an inifial value then we
con estimate the solukion.Since & is o fancy way of soying Slope, we
o dvow o groph with e slope of our function ot each point.

Slope_Field

Slope field: at each pont we have an "arrow" tat describes the slope at that
point, 2= Flx,{= dx .

Graph e glope Keld Ffor y'=x.
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We can use differential equations to create more complex slope fields.

Givaph the slope field for '= X+
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Euler's Metod

We use this information to estimate our solution to the differential
equation. We start ot our initial point, find our slope ot that point,
graph that slope, and repeat:



let's start with a differential equation we know how fo solve:

Consider the initial value problem y'=2x-3, yl0)=2.

Specific Solution: Estimote:
Sq' dx= §2x-3 dx slope ot (0,3)'-
= x*-3x +C \f:?.lO\ﬁSe:- X=\.5: “:%\\,5)-3:0
slope.= Fan® T slope T
@ vyl =3
3= 0-3l0)+C x=0.5" \"=zzto.5)-3= 2 %= \|‘=7.1€7.) =321
slope 7 slope I
x=1: y'2f0-3= - ¥:2.5! yl=2(2.5)-3=2
s slope T slope T
o The line is the specific solution to the
. differentiol equation. The pink line uses the slo
J we found above with o “step” size of 0.5. The smaller
s dhe step size, the better the estimate.

We coan write Euler's wethod as an olgorithm :

Euler's Method

Consider the inital - value problem = £(x,N) , Y(Xe)=Yo - Using he step 'size h,
Xn= Yn.\ rh . " " .
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Now let's try o diffevential equah’ov\ we dont Know how to solve:

Consider the initial value problem v'=xth, 4l0): 7. Estimate y10.1),
v 10.2), y(0.3).

Record points:

(XCMYo):(O,"z) Xi= Xo th Xz=02.

(%, V,)=(0.1,0525) =04+0.1= 0.)

(xe0 = (0.2,055300) qaE g e y?)

(xs,N5)2 (0.3, 1) = Yo rh (xZ2442) 20.525 0.1 L (042+ (0.525% )
= 5 +(0.1) (10y(5Y) 20.5530

= 3+ (0.0L%)= 0.525



Examples;

1.Consider the initial value problem y'=x*-\, D= 2. Use o step size
of 0.1 Yo estmate \(-0.8).

Record Points:
(Xo, ¥o)= H,2) X2 %o th N = Yo ¥ hef(%e,¥e)
(x,.¥,)= =-140.1=-04 22+ oL =19 12%]
(%, ¥2)= =2% (0.0 1-4]
SIAL =2+(01) (-3)
=2-0.3=1.%
X2= X th N2V rhe £Ux N
=-0.4+0.1 =17 +0.D[(-0.a%+ L¥}]
=-0.8 =1.492

2. The weight w in kilograms of a_kind of iropical fungus is modeled by
e differential equa?‘\on e 35 ,wiN=4. Here t denotes e lme
measured in weeks. Eshmate the weight of He fungus a t=2.5 weeks
using Euler's method with three steps.

Jw
QNPX\:%P= e, (%o, ya)=11,4)

*n=Xe 2.5-1 S _
e .21, 2.y

step size: h= 3
vecord points:
(Xe, V) =(1,4) X =Xt h N Vo b X, V)
(%, ¥ = =1+ % =4 5[ o ]
(X2, 42)7 = 1.5 =4+ i[3]: 45
kX; ,\|3§=

Xz=X\ "h \|l= \h\-\‘\(:b( \l‘\

=15+ 3 PPIREY B Xy

= =4.8204

X3= %, th V2=V b he Flx,y,)
=2+ % = 4824+ 'z[{%‘%-%li]



