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Today we look at extensions of three methods we’ve already learned.

1 Almost Exact Equations
First , an "almost exact” equation is an ode of the form
M(z,y)dz + N(z,y)dy = 0

that is not exact, but that becomes exact when multiplied by some function f(z,y).
We cannot *always* make an equation exact, but there are some equations we are

guaranteed are almost exact.
How do we know when an equation is almost exact? And how do we find what to multiply

it by to make it exact?
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Key Result: If ““5*= can be reduced to a function only of z, then the equation is almost
exact, and multiplying it by
ef %ﬂ _%gr_ d'a:

will make it exact.
dN &M

Likewise, if Eﬂlu__ can be reduced to a function only of y, then the equation is almost
exact, and multiplying it by
x f %‘}_%&‘[ dy

will make it exact.



Example 1. Solve
(2zy* + %)ﬂ'aH- (z®y+ye¥)dy =0 .
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Example 2. Solve
(2y° +2y°) dz + (By*z + 2zy) dy = 0
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2 Bernoulli Equations

Next, we’ll look at a type of equation that through a change of variables can always be

transformed into a linear equation.
A first order o.d.e. is Bernoulli if it has the form

(@)% 1 ao(e)y = ba)y" —

Let’s first look at an example before we talk about the general method for solving Bernoulli

equations:
Example 3. Solve
' z-:—:+y=3a:y3.
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General Method We can carry out analogous steps for *any
solution.
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Example 4. Solve

%‘Hf = ¥y0
X

. G -y A T ¥
yto = 37 H ey = by o Syl

Moo ™ el
Ax+v—e ey fy

2 i.{)(
32X (
e . : - = L/é g &S

[3‘ = L/{’?)( Y- Rl 01?——0 é—MSQﬁ/‘




3 Homogeneous Equations

It is important to point out here that we’ll be using the term ”homogeneous equation”
in two different ways during this course. For now, we define a homogeneous first order
equation to be any equation of the form
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As we did for the Bernoulli equations, we will solve these by making a change of variables.
All Bernoulli equations can be transformed to be separable through a specific change of
variables.

Again, we'll look at an example before we talk about the general method for solving first
order homogeneous equations.

Example 5. Solve
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General Method We can carry out analogous steps for
it’s general solution.
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Example 6. Solve
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LY +yr+x? &
frgo: &= T E

Cx/fv—/?/x) ’))( +V f—’#’ Co ode. 1S

Solution:

Vb X =ybvi]
5 ol = bt
o kB > (L flde o we

2~ Vicd |

-—) M&@m( g&)—‘:/m/)(/*{/
n x =»

e —— s S




