Last time we discussed:

e Definitions v

™ Examples ~/ Did you try the online solver?

e Separable equations
e Linear equations

];“e.duce,
Today:
e Bermoulljand flomogencos)

e Applications of linear equations

e Direction fields

e Approximating solutions using Euler's method and
Improved Euler's method
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Review:
First Order Separable Differential Equations
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First Order Linear Differential Equations
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Review (continued): Special Case
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1. Give the solution to y'+3y =0, y(()) =4,

a. 4e’’ —
@ 4 'L ﬁ
c. 3e* 3 N -'36;7 e
d. —3e* =2
e. None of these. J/ 3tj
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2. Give the value of & below that causes the

solution to y'+ky =2, y((}) = 4 to converge to
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Bernoulli Differential Equations - Section 2.3

(use a substitution lo create a [irst order linear dilferential equation)

olu Yw = ()d
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> -Opau =g
ax ,
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@ v'+ plx)y=glx)y", =0, @

Example: Find the general solution to




Homogeneous Differential Equations - Section 2.3

(use a substitution to create a first order separable differential equation)

S pedal
plani y'=flx,y) <= T ordes ODE
where f(ax,ay)=f(x,»)
S(t-citl forall a,x,y.
=
Idea : Create a new function v via y=xv.
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Example: Find the general solution to -2 ?
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You can find more examples worked
out in the textbook.
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Some Applications - Section 2.4

(1will only cover 2 types in the online session. See the text and the video link in the text for others.)

Last Night - We did one Newton's law of cooling
problem, and one mixing problem.

Find the orthogonal trajectories for the ? +9%=2Cx

- xEryt= 2C7 \ook fike
_.Kowtalwra
2 < — 2
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o 2
29 22 = aC-2¥

=

At this point, you might be tempted to set A C - x.
the dy/dx for the new family of curves (the -

so called orthogonal trajectories) equal to @ St =
the negative reciprocal of this value. é,*. \'{
WAIT!!! Get nid of the C first!!
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_ 2%
Sa lve ﬂ z "i%‘
— dr 3

dyix) . 2xylx) | \ s “a'y"‘e'ﬂu-s

Solve == = :
dx —12+y[x]2
Let ¥(x) = xw(x), which gives XX — o A )
dx dx
4 dvix) Fvixn) = — 252 viw) 3
dx 2 x? w2 Divide both sides by TRtz
. wix)= =1
Simplify:
i) {vixy? - 1 f
e Ll e 2
P LLC L vx) = e vztxj vix)d ving x
dx vix)= =1
Integrate both sides with respect to x

Solve for 24,
dx dvix)

L [wjxr?—l] 1
f_m.3_ dx = J'_. dx
VLA vl T

Evaluate the integrals /7’

dvin) _ (21w

dx x(vx?-1)
Simplify:

dvix] _ - v[.t]s-l-vtx!

dx x (w2 1) Solve for vix):

CeS v =xu).
=

yix) = i[erl _1||92L'] _41—2].-_,] _)’(X}Zl[c"-l +1||eic1 _41,2]

—_—

1 +

log(vix)* + 1) = logivix) = =logix) + ¢, where

SRE
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A flu virus is spreading through a city with a population of 25,000.
The disease is spreading at a rate proportional to the product of
g" the number of people who have it and the number who do not.

Suppose that 100 people had the flu initially and that 400 people
had it after 10 days.

L—) =100

Bl1o) = Hvo | (o)

(a) How many people will have the flu after 20 days?

(b) How long will it take for half the population to have the flu?
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This is a mathematical model for the sentence above.
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dt¢  Approximating Solutions

o\ﬂ\
T —
Direction Fields,|Euler's Method, Improved Euler's Method

Section 2.5...make Section 2.6...make

it possible to view it possible to
the behavior of approximate the
solutions for many solution to an initial
choices of initial value problem
data, without Aded
writing a formula &.& W'J ' N {J&eﬂs
extea N

for the solutions.

Question: Why do we need something to approximate solutions?

Answer: There are a tremendous number of very important differential
equations that have solutions which cannot be written in terms

of the simple functions that we have expressions for.
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Illustrative Example: The "direction field" is shown below for the
differential equation y'= —sin(y) + cos(x) + |. What do you think this
picture represents?
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Direction Field Creation Process for s lope aF (%, 6'75
1S —p/}()'g_‘)

. Decide where you want to view solutions... Pick a rectangle.

PR

2. Place a rectangular grid of points on this rectangle.

Fan
3. Sketch aat each point that has the slope given by f(x,y), where
(x,y) describes the point.

These short line
segments
(tangents) are used
to guide a solution
to an initial value
problem.

20



Electronic Options:
1. winplot
2. Find the Polking Java software online

http://math.rice.edu/~dfield/dfpp.html

Click on [DFIELD 2005.10]

51“:‘:& 575‘/5?) 3 ?@E;J

'5%]"\ Cui‘\"q-*
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Google it.

winplot....
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3. Give the slope of the line segment in the
direction field plot at the point (1,—2) for

—_—

the differential equation y'=x* + y.
a. —2 ’H

b. 2 e O;E\
@—1 sloge O y e
NN
d. 1 —
e. None of these. a ! _ |’?-+ (_23 = )
—
__’__...-"_
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4. The direction field is shown below for the

the solution given by the initial data y(— 2) i
and then@proximate y(ﬂ\

a. —2

differential equation y'=x— sin(y ). Sketch
b. 3
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Euler's Method: A crude, simple, and sometimes effective method for
approximating the solution to the initial value problem

S _ (e

X
y(%) =% -
Nitas

Implementation:
1. Select a step size h.

2. Create as many Xx; values as necessary.
3. Determine the approximations y; to y(x;).

25



Example: Create an approximation to the solution to the intial value
problem on the interval [0,1] by using Euler's method with a step size of

h=.1.
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Improved Euler's Method: A more accurate method for approximating
the solution to the initial value problem

dy

:f(x,y)

dx 6 ¢
y(x0)=y0 7:]3
8. A

1. Select a step size A.
2. Create as many x; values as necessary.
3. Determine the approximations y; to y(x;).

Posted in a video on Wednesday night.
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Example: Give the exact solution to the initial value problem
"
y =X=Yy
y(1)=2

Then create the approximation using Improved Euler's method with a step
size of 1 =.1, and compare the results to the true solution on the interval

[1.2].

Posted in a video on Wednesday night.
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1.9
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