Calc BC 5.1b Notes and Examples Name: 9 O/\/Ug Block: A Seat:

Intro to Euler’s Method (5.1b)

d
UX 1. Given the differential equation Yt 2and y(0) = 5:
<

dx
C/\A/ (a) Find an approximation for y(0.8) using the tangent line at (0, 5).
Sx/”w meyoy=% - 0=-2 =74
\ 1’/7_**(/ dz (@,y) _ = = “&(X ’O> e ﬂz—;lx-ft‘g
- Q,Eﬁ . 1£%" The tangent line equation: o)
o nt approx = — 4 §;"q+7£'='l-=‘—3,
M%(D/ t’) 4. Your estimate of y(0.8) 19) 14 ‘1< s/t s 5 S U

(b) The idea of Euler’s Method is to improve this estimate by taking more than one step. Find an
approximation for y(0.8) by using Euler’s (say “oilers”) method with two equal steps.

Lane=3200_ 4 [=75)
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A
What about Ay? Let slope 7@: A—y Now solve for Ay.
x

Ay= M Ax e w L SWIY, éﬁ')w V\ﬂteLL\l/A,
Y , A?C
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d
Now for any point (z,y) of the curve, won’t the slope m at (z,y) be %9 S0 we can write

dx

y(0) = i/

y(0.4) ~ y(0) + Ay = y(0) + Az xy'(0) = +(

y(0.8) ~ y(0.4) + Ay = y(0.4) + Az x y/(0.4) = %’&Jr (

(¢) Check your work by solving the differential equation.
H = X- 2 R=0 4 =

—_—
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I
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W= X A Xtye A = Lx" -2

(d) Check your work with Demos: https://www.desmos.com/calculator/p7vd3cdmei, Change g(z,y) =
x — 2 and on new lines add your equation, and the points (0.8, f(0.8)) and (0.8, ) where f is your
solution to the differential equation, and e is your estimate using Euler’s method with two steps.

(e) Use GeoGebra https://www.geogebra.org/m/mPwa7SKk to improve your estimate:

With 4 Steps: W With 8 Steps: %

(f) Go to https://mathorama.com/ti/|and use EULERM |
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2. Given the differential equation 3—y = 2z + y Find the follwing
x
(a) If y(0) = 0 estimate y(3) using Euler’s Method with 3 steps.
= Ax = z-0 _
1(0) 0] = -1
(1y=0 +0X0) =0
= z
‘G(A) = o0 (X2 =

g (- &+ ) =%

(b) If y(0) = 0 estimate y(3) using Euler’s Method with 6 steps.

Ax = 2‘2(1
2=

(D)—O
(- 0 e =0

g (=050~

4 (i,); i -l--i-(_;) = .75

=4. 125
a) = |.75 + L (475 =H
‘1\5&.2) = 4.(25 ¥ J_;_[?-sz) - S K75

\ (s)= 8 W7s « £(13.155) 7 1£7212¢

(¢) If y(1) = 1 estimate y(0) using a step size (Azx) of 0.5. ( %/O\W'a’ bﬂkt ,{; V_)O(_(J 5)
o -

Ax = = -

z 2~
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d
3. (Inspired by 2013 BC 5) Consider the differential equation —z = y*(2z + 2). Let y = f(z) be the
particular solution to the differential equation with initial condition f(0) = —1

(a) Find lim 2@ F1= A

2>0 sinz O /Ljituétf,
= Lim Q/(X) :(f\)zf-z

N0 posx ’ =2

(b) Using the tangent line from (0, —1), estimate f (1)
m = %l = {—))1(51(0)4/9) =2
(
' ( Dll) . [ — 9\)(—0 o :.S == ;\X—l
\/\4’“"6 D)v’3 ) kﬁ
\ = a2)- =0
0\1"-'2 ) ‘3 Z
4}]"’ @
(c) Use %

g to justify why you think the estimate in part (b) is an underestimate or an overesti-
(
mate.

Po o oay(l)(axmd e

i%_ _ 9\(__,)((,5 (a(u)*z))(}(v)-f?—) + Y@= —gn2=—-fL <o ) <27 —P— CA cc CJ/OL)W
4 x (o,'l) ax Q O/ _ /)
)’\' N g~ OV Lo T wnete 1
(d) Use Euler’s method, starting at = = 0 with two steps of equal size, to approximate f <§>
o) —- | .
R
Llx)= -1 *’/A’Q(M(d/_() |+ 4
Lo o L \(Zgi 2)
)= 2 o)) iy,0)- 3+
-1\
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(e) Find y = f(x), the particular solution to the differential equation with initial condition f(0) = —1.

Jﬂ B j”(9,<4/2>
4 oc 5 FRQ W
Po(vd-e. )

(seporoke lﬂi‘ 3/3 = j%x +2 du

5'33 from %,A)‘)
-\ E Ax + C
( avx%l&er'.\/w‘\':ules > w ,)6 +

‘ =
( use (0,-0)* "/l/\) = 0 kg—[o> +C¢7 c=|
Lk > (

1
(f) To check your work, graph f, the tangent line at (0, —1), and the point <§, f <—>> Use your

calculator and/or |https://www.desmos.com/calculator/p7vd3cdmei
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d
4. Let y = f(x) be the solutions to the differential equation d—y = 2y —x with the initial condition f(1) = 2.
x

What is the approximation for f(0) obtained using Euler’s method with two steps of equal length starting
at x =17
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5. Let y = f(x) be the solutions to the differential equation Y x — 1y — 1 with the initial condition

i
f(1) = —2. What is the approximation for f(1.4) if Euler’s method is used, starting at = 1 with two
steps of equal size?

5 11 200
o o W -
(e) 0.2 ,(\/(/;'\ /f?’; ’]/AX(M (\,fu) S

1y - x O (ﬂx\m 3
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o
4. (2005 BC 4) Consider the differential equation % =2x-y. C )

(a) On the axes provided, sketch a slope field for the given differential at the
twelve points indicated, and sketch the solution curve that passes through the point

(0,1).

(b) The solution curve that passes through the point (0,1) has a local minimum at

x=In (3 /2). What is the y -value of this local minimum?

(c) Let y=f(x) be the particular solution to the given differential equation with

the initial condition f(0) =1. Use Euler’s method, starting at x =0 with two steps of equal size, to approximate

f(=0.4). Show the work that leads to your answer.

2

(d) Find W in terms of x and y . Determine whether the approximation found in part (c) is less than or greater than

f(—0.4) . Explain your reasoning.

(\0> %’50 uJ\/‘M\ Q‘)‘-“a—
dz nd 0 A0 (%)

S ~P(05: ) 3"\'{’@9;%( Ax = 0.2

WY NSRS RTINS

= .3 (-

['6)(’_,2> =/ 2
(v RngTL)

x<0, 4 >0

= 2 - ()= 2-Ar 920

(T QuA T 5o %’VI—»>0 >
Coc s |, 594 f(39), >
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