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Improper Integral: Third type
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Differential Equations

Now consider an equation

One could ask: what is a function y (of x) that fits the equation? Or, equivalently, what is an
antiderivative of f()? Hence, if F'(r) is an antiderivative of f(x), then y = F(x) is a solution of (3.2)

and y = F(x)+ ¢ is a general form of all solutions. The equation (8.2) is an example of a differential
PRI BTSSR

equation . and its general solution is given by y = F'(x) +c.

 R—

In general. differential equations can be a lot more complicated than (8.2). They may contain

higher order derivatives or even products of derivatives.

DeriNITION A differential equation is an equation that involves one or more derivatives
of wuknown functions. The order of a differential equation is the order of the highest

derivatives in the equation.

A differential equation with one unknown is called an ordinary differential equation (ODE).
A differential equation with two or more mnknowns is called a partial differential equation (PDE).

Here. we only deal with ordinary differential equations, so we shall omit the term “ordinary™

Example 8.1 Here are some examples of differential equations.

is of order zero because y is the highest derivative of y itself, which is of order zero.

dy

2. — =cosx

dr i ; L
is of order ...... 1’ ............................ 1)(’(';11150‘&&.%. : 61. deﬁ'ﬂ'“\lﬂ 15 Of.

degree 1 .

3. y—y =(lne+tan2x)y’ +/r+y

is of order Q
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w
A general solution of a differential equation is an expression

solutions. MN“’

DEFINITION A solution of a differential equation is a function that satisfies the equation.

that contains all possible

Example 8.2

dy

1. The constant function y = 1 is a solution of the equation ;
a.r

not the only solution.
We also know that the derivative of any constant function is zero.

, o M
Hence, the general solution of — =
dx

2. y = €' is a solution of the equation

Note that y = ¢ + ¢ is not a solution of the equation unless ¢ = 0.

d
ecause — (1) = 0, but it is
ax

Ny Y

It is not as easy as w}'hol‘ t"le]_lJ,pI(‘H to guess what the general solution should be. However. it

might look easier if we rewrite the equation as

d

(/1(””

The general solution of this equation is

because
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roblem 8.1 Verify that both y; = ¢ and y2 = ¢™" are solutions of the differential equation y” = v.
SRR

How about their linear combination y = cye” + coe™"7

Q311362 l}, «i" l\\'uo«woawvo; 9 ‘3

v, =@

Solution.

DerFINITION An initial-value problem is a ditferential equation with initial conditions
(conditions that solutions of the differential equation needs to meet. conditions on values of
solutions). A particular solution of a differential equation is a solution of the equation
that satisfies the initial conditions. That is. a particular solution will not contain arbitrary

constants.

Example 8.3 The second-order differential equation

hias a general solution

Yy = €] Ccosa + cosine

where ¢ and ¢o are constants (Verify!). We may add two conditions on the values of y. For instance,
set

y(0)=1 and y(—)=2 (8.3)



