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Today:
e Bernoulli and Homogeneous equations

e Applications of linear equations

e Direction fields

e Approximating solutions using Euler's method and Improved

Euler's method (see the posted part 2 video frgnLMmday, and

the additional demonstration videos)
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1. Find the solution to the initial value problem y'=-2y, y(0)=2. They
evaluate this solution at x = 1.
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2. Find the solution to the initial value problem y'= 3y, y(1)=2. Then
evaluate this solution at x = 0.
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New

[Bernoulli Differential EM]— Section 2.3

(use a substitution to create a first order linear differential equation)
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3. Find the unique solution to the ODE from the previous example that
satisfies y (1) = 1. Then give the value of y (0.5).
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New
Homogeneous Differential Equations - Section 2.3
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You can find more examples worked

out in the textbook. <—g ~¥ o 1O
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New Some Applications - Section 2.4

(I will only cover 2 types in this online session. See the text, the video link
in the text, and the video posted on the course homepage on Monday for
more examples.)

A metal ball at room temperature 20° C is dropped into a container of boiling
water (100° C'). Given that the temperature of the ball increases 2° in the first 2
seconds, find:

(a) The tempurature of the ball after 6 seconds in the boiling water. — Tad | T(ey

/( ( N ~ 20 (b) How long does it take for the tempurature of the ball to reach 80° C. <, vel T(x| =50
- (-L(-?/ .
(q,\ - —> Newton's Law of Cooling
/< (an approximation)

The change in temperature of an object is proportional to the difference in
temperature between the environment and the object. @
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4. How long does it take (from the time the ball is dropped in the water) for
the temperature of the ball to reach 90° C ?
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Mixing Problem

A tank with a capacity of 2m? (2000 liters) is initially full of pure water. At
time ¢ = 0, salt water with salt concentration 5 grams/liter begins to flow into
the tank at a rate of 10 liters/minute. The well-mixed solution in the tank is
pumped out at the same rate.

(a) Set up, and then solve the initial value problem for the amount of salt in the
tank at time ¢ minutes.

(b) Find the time when the salt concentration in the tank becomes 3 grams/liter.
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Approximating Solutions

Direction Fields, /Euler's Method, Improved Euler's Metho

N

Section 2.5...make
it possible to view
the behavior of
solutions for many
choices of initial

Section 2.6...make
it possible to
approximate the
solution to an initial
value problem

data, without (v
writing a formula oy > {\(\
for the solutions. Q,NV\

{ 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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Direction Field Creation Process for y'= f(x,p).
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2. Place a rectangular grid of points on this rectangle.

3. Sketch a short line segment at each point that has the slope given by f(x,)), where
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1. winplot

2. Find the Polking Java software online

Click on [DFIELD 2005.10|
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6. Give the slope of the line segment in the
direction field plot at the point (—1,2) for

' Ty
=XCos| — |.
g (2J

Dluy "n =1 g =
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7. The direction field plot is shown for y'=cos(x) (1 - y). Give

one of -2,-1,0, 1, 2, 3,4 or 5 as a guess for the value of y (3),

given that [y (0) =3,
£
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Euler's Method: A crude, simple, and sometimes effective method for Exc
approximating the solution to the initial value problem ]
L UJ".H/\
v ves
= f (x: y) E-KCEX
dx _
& o
(%) =y Matlab

Idea: Create an approximate problem by replacing the derivative with a
difference quotient.

Method:

1. Select a step size h.

2. Create as many Xx; values as necessary.

3. Determine the approximations y; t0 y(x;).
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Example: Give the exact solution to the initial value problem
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8. Continue the process from the previous example to find an approximation
to the solution at x =2.1.
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Improved Euler's Method: A more accurate method for approximating
the solution to the initial value problem

Y _
ax _f( ,y)
y(xo):yo

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

This will is included in a separate video
posted on last Monday morning.
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Example: Give the exact solution to the initial value problem
! —
y =x-)y
Y (l) =2

Then create the approximation using Improved Euler's method with a step
size of h=.1, and compare the results to the true solution on the interval
[1.2].

This will be included in a separate video
posted on Thursday morning...
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