
                                    FIRST ORDER DIFFERENTIAL EQUATIONS
                                                       Elizabeth Wood 
A first order differential equation is a relation 

 

in which f (x, y) is a function of two variables defined on a region in the xy-plane.  

A solution to this equation is a differentiable function y = y(x) defined on an interval of x-values 

such that 

 

on that interval. 

When a differential equation is paired with the initial condition y(x 0) = y 0, this forces the 

solution curve y = y(x) to pass through the point (x 0, y 0).  

How do you know if a solution y = y(x) satisfies the differential equation dy/dx = f(x, y)? 

Take the required derivatives of the potential solution and then substitute them 

into the differential equation to see if the resulting equation is true. 

EXAMPLE 1:  

 

SOLUTION: 

First of all let us find y' using the given solution y. 

 

Now substitute this equation in for y' and the solution in for y. 

 

Well, the solution does satisfy the differential equation. Now to see if the initial condition is 

satisfies the solution.  
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Therefore, 

 

is the solution to the initial value problem. 

EXAMPLE 2: 

 

SOLUTION: 

First of all, let us determine y'. 

 

Now sub in y and y' into the differential equation. 

 

 

Therefore, the solution does satisfy the differential equation, now to check the initial condition in 

the solution. 

 

Therefore, y = x /ln x is the solution to the initial value problem. 

SEPARABLE EQUATIONS 

Of the many types of differential equations, the one that we will be discussing is called separable 

equations. 

Source URL: http://faculty.eicc.edu/bwood/ma155supplemental/supplemental11.htm 
Saylor URL: http://www.saylor.org/courses/ma102/ 
 
© Elizabeth Wood (http://faculty.eicc.edu/bwood/) 
Used by Permission. 

 
 
 

Saylor.org 
2 of 5 



FACT: A differential equation y' = f(x, y) is separable if f can be expressed as a product of 

a function of x and a function of y (i.e. dy/dx = g(x)h(y)).  

If h(y)  0, se can separate the variable by dividing both sides by h and multiplying both sides by 

dx. 

 

Now integrate both sides of this equation. 

 

EXAMPLE 3: 

 

SOLUTION: 

Step 1: Separate the variables. Get all y terms on one side, and the x terms on the 

other. 

 

Step 2: Integrate both sides of this equation. 

 

 

EXAMPLE 4: 

 

SOLUTION: 

Step 1: Separate the variables. 
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Step 2: Integrate both sides. 

 

 

Step 3: Solve for C using the initial condition. 

3 = 0 - 0 + C  C = 3 

Therefore, the solution to this initial value problem is x = t 
2
 - t + 3. 

EXAMPLE 5: 

 

SOLUTION: 

Step 1: Separate the variables. 

 

Step 2: Integrate both sides of this equation. 

 

 

 

ln | u | = ln | t | + C  ln |ln x| = ln | t | + C 

Step 3: Solve for C using the initial condition. 

ln |ln e| = ln |1| + C  ln |1| = C  C = 0 

Therefore, the solution to the initial value problem is ln |ln x| = ln | t |. 

EXAMPLE 6: 
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SOLUTION: 

Step 1: Separate the variables. 

 

Step 2: Integrate both sides of this equation. 

 

 

Step 3: Solve for C using the initial condition. 

-1 = - cos 0 + C  -1 = -1 + C  C = 0 

 

Work through these examples. For those of you going on into engineering or the sciences, you 

will probably take a course called differential equations. When you do, you will find out that 

separable equations are the easiest of all types of differential equations. There are some unique 

problems that are solved using differential equations, and you will experience these when you 

take your engineering or science courses. 

 

Source URL: http://faculty.eicc.edu/bwood/ma155supplemental/supplemental11.htm 
Saylor URL: http://www.saylor.org/courses/ma102/ 
 
© Elizabeth Wood (http://faculty.eicc.edu/bwood/) 
Used by Permission. 

 
 
 

Saylor.org 
5 of 5 




