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Chapter 1 : Euler's Method for First-Order ODE
Differential equations with only first derivatives. Learn for free about math, art, computer programming, economics,
physics, chemistry, biology, medicine, finance, history, and more. Khan Academy is a nonprofit with the mission of
providing a free, world-class education for anyone, anywhere.

This is the problem of determining a curve on which a weighted particle will fall to a fixed point in a fixed
amount of time, independent of the starting point. Lagrange solved this problem in and sent the solution to
Euler. This partial differential equation is now taught to every student of mathematical physics. Example[ edit
] For example, in classical mechanics , the motion of a body is described by its position and velocity as the
time value varies. In some cases, this differential equation called an equation of motion may be solved
explicitly. An example of modelling a real world problem using differential equations is the determination of
the velocity of a ball falling through the air, considering only gravity and air resistance. Finding the velocity as
a function of time involves solving a differential equation and verifying its validity. Types[ edit ] Differential
equations can be divided into several types. Apart from describing the properties of the equation itself, these
classes of differential equations can help inform the choice of approach to a solution. Commonly used
distinctions include whether the equation is: This list is far from exhaustive; there are many other properties
and subclasses of differential equations which can be very useful in specific contexts. Ordinary differential
equations[ edit ] Main articles: Ordinary differential equation and Linear differential equation An ordinary
differential equation ODE is an equation containing an unknown function of one real or complex variable x,
its derivatives, and some given functions of x. The unknown function is generally represented by a variable
often denoted y , which, therefore, depends on x. Thus x is often called the independent variable of the
equation. The term "ordinary" is used in contrast with the term partial differential equation , which may be
with respect to more than one independent variable. Linear differential equations are the differential equations
that are linear in the unknown function and its derivatives. Their theory is well developed, and, in many cases,
one may express their solutions in terms of integrals. Most ODEs that are encountered in physics are linear,
and, therefore, most special functions may be defined as solutions of linear differential equations see
Holonomic function. As, in general, the solutions of a differential equation cannot be expressed by a
closed-form expression , numerical methods are commonly used for solving differential equations on a
computer. Partial differential equations[ edit ] Main article: Partial differential equation A partial differential
equation PDE is a differential equation that contains unknown multivariable functions and their partial
derivatives. This is in contrast to ordinary differential equations , which deal with functions of a single
variable and their derivatives. PDEs are used to formulate problems involving functions of several variables,
and are either solved in closed form, or used to create a relevant computer model. PDEs can be used to
describe a wide variety of phenomena in nature such as sound , heat , electrostatics , electrodynamics , fluid
flow , elasticity , or quantum mechanics. These seemingly distinct physical phenomena can be formalised
similarly in terms of PDEs. Just as ordinary differential equations often model one-dimensional dynamical
systems , partial differential equations often model multidimensional systems. PDEs find their generalisation
in stochastic partial differential equations. There are very few methods of solving nonlinear differential
equations exactly; those that are known typically depend on the equation having particular symmetries.
Nonlinear differential equations can exhibit very complicated behavior over extended time intervals,
characteristic of chaos. Even the fundamental questions of existence, uniqueness, and extendability of
solutions for nonlinear differential equations, and well-posedness of initial and boundary value problems for
nonlinear PDEs are hard problems and their resolution in special cases is considered to be a significant
advance in the mathematical theory cf. Navierâ€”Stokes existence and smoothness. However, if the
differential equation is a correctly formulated representation of a meaningful physical process, then one
expects it to have a solution. These approximations are only valid under restricted conditions. For example,

Page 1

DOWNLOAD PDF FOCUSING ON FIRST ORDER DIFFERENTIAL
EQUATIONS
the harmonic oscillator equation is an approximation to the nonlinear pendulum equation that is valid for small
amplitude oscillations see below. Equation order[ edit ] Differential equations are described by their order,
determined by the term with the highest derivatives. An equation containing only first derivatives is a
first-order differential equation, an equation containing the second derivative is a second-order differential
equation, and so on. Two broad classifications of both ordinary and partial differential equations consists of
distinguishing between linear and nonlinear differential equations, and between homogeneous differential
equations and inhomogeneous ones. Inhomogeneous first-order linear constant coefficient ordinary differential
equation:
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Chapter 2 : First order differential equations | Math | Khan Academy
In Unit I, we will study ordinary differential equations (ODE's) involving only the first derivative. y' = F (x, y) The first
session covers some of the conventions and prerequisites for the course. After that we will focus on first order
differential equations.

I fell into the trap that many web developers fall into. I knew what was in the menus and so clearly all the
users would as well It was appearing that many new users were not aware of the Practice Problems on the site
so I added a set of links at the top to allow for easy switching between the Notes, Practice Problems and
Assignment Problems. They will only appear on the class pages which have Practice and Assignment
problems. The links should stay at the top as you scroll through the page. Paul November 7, Mobile Notice
You appear to be on a device with a "narrow" screen width i. Due to the nature of the mathematics on this site
it is best views in landscape mode. If your device is not in landscape mode many of the equations will run off
the side of your device should be able to scroll to see them and some of the menu items will be cut off due to
the narrow screen width. First Order Differential Equations In this chapter we will look at solving first order
differential equations. What we will do instead is look at several special cases and see how to solve those. We
will also look at some of the theory behind first order differential equations as well as some applications of
first order differential equations. Below is a list of the topics discussed in this chapter. Linear Equations â€” In
this section we solve linear first order differential equations, i. We give an in depth overview of the process
used to solve this type of differential equation as well as a derivation of the formula needed for the integrating
factor used in the solution process. Separable Equations â€” In this section we solve separable first order
differential equations, i. We will give a derivation of the solution process to this type of differential equation.
Exact Equations â€” In this section we will discuss identifying and solving exact differential equations. We
will develop of a test that can be used to identify exact differential equations and give a detailed explanation of
the solution process. We will also do a few more interval of validity problems here as well. Bernoulli
Differential Equations â€” In this section we solve Bernoulli differential equations, i. This section will also
introduce the idea of using a substitution to help us solve differential equations. Intervals of Validity â€” In
this section we will give an in depth look at intervals of validity as well as an answer to the existence and
uniqueness question for first order differential equations. Modeling with First Order Differential Equations â€”
In this section we will use first order differential equations to model physical situations. In particular we will
look at mixing problems modeling the amount of a substance dissolved in a liquid and liquid both enters and
exits , population problems modeling a population under a variety of situations in which the population can
enter or exit and falling objects modeling the velocity of a falling object under the influence of both gravity
and air resistance. We discuss classifying equilibrium solutions as asymptotically stable, unstable or
semi-stable equilibrium solutions.
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A firstâ€•order differential equation is said to be linear if it can be expressed in the form where P and Q are functions of
x. The method for solving such equations is similar to the one used to solve nonexact equations.

I fell into the trap that many web developers fall into. I knew what was in the menus and so clearly all the
users would as well It was appearing that many new users were not aware of the Practice Problems on the site
so I added a set of links at the top to allow for easy switching between the Notes, Practice Problems and
Assignment Problems. They will only appear on the class pages which have Practice and Assignment
problems. The links should stay at the top as you scroll through the page. Paul November 7, Mobile Notice
You appear to be on a device with a "narrow" screen width i. Due to the nature of the mathematics on this site
it is best views in landscape mode. If your device is not in landscape mode many of the equations will run off
the side of your device should be able to scroll to see them and some of the menu items will be cut off due to
the narrow screen width. Linear Differential Equations The first special case of first order differential
equations that we will look at is the linear first order differential equation. In this case, unlike most of the first
order cases that we will look at, we can actually derive a formula for the general solution. The general solution
is derived below. However, we would suggest that you do not memorize the formula itself. Most problems are
actually easier to work by using the process instead of using the formula. In order to solve a linear first order
differential equation we MUST start with the differential equation in the form shown below. In other words, a
function is continuous if there are no holes or breaks in it. Do not, at this point, worry about what this function
is or where it came from. We can now do something about that. It is vitally important that this be included. If
it is left out you will get the wrong answer every time. This will NOT affect the final answer for the solution.
So with this change we have. There is a lot of playing fast and loose with constants of integration in this
section, so you will need to get used to it. When we do this we will always to try to make it very clear what is
going on and try to justify why we did what we did. This is actually an easier process than you might think.
So, to avoid confusion we used different letters to represent the fact that they will, in all probability, have
different values. This will give us the following. We do have a problem however. This is actually quite easy to
do. We will not use this formula in any of out examples. Solution Process The solution process for a first order
linear differential equation is as follows. Integrate both sides, make sure you properly deal with the constant of
integration. Example 1 Find the solution to the following differential equation. Now multiply all the terms in
the differential equation by the integrating factor and do some simplification. Either will work, but we usually
prefer the multiplication route. Doing this gives the general solution to the differential equation. Back in the
direction field section where we first derived the differential equation used in the last example we used the
direction field to help us sketch some solutions. Several of these are shown in the graph below. So, it looks
like we did pretty good sketching the graphs back in the direction field section. Now, recall from the
Definitions section that the Initial Condition s will allow us to zero in on a particular solution. Solutions to
first order differential equations not just linear as we will see will have a single unknown constant in them and
so we will need exactly one initial condition to find the value of that constant and hence find the solution that
we were after. Example 2 Solve the following IVP. So, since this is the same differential equation as we
looked at in Example 1, we already have its general solution. Example 3 Solve the following IVP. If not
rewrite tangent back into sines and cosines and then use a simple substitution. Note as well that there are two
forms of the answer to this integral. They are equivalent as shown below. Which you use is really a matter of
preference. We will want to simplify the integrating factor as much as possible in all cases and this fact will
help with that simplification. Now back to the example. Multiply the integrating factor through the differential
equation and verify the left side is a product rule. Note as well that we multiply the integrating factor through
the rewritten differential equation and NOT the original differential equation. Make sure that you do this. If
you multiply the integrating factor through the original differential equation you will get the wrong solution!
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Next, solve for the solution. Example 4 Find the solution to the following IVP. Often the absolute value bars
must remain. Example 5 Find the solution to the following IVP. Forgetting this minus sign can take a problem
that is very easy to do and turn it into a very difficult, if not impossible problem so be careful! Now, we just
need to simplify this as we did in the previous example.
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Linear Equations - In this section we solve linear first order differential equations, i.e. differential equations in the form
\(y' + p(t) y = g(t)\). We give an in depth overview of the process used to solve this type of differential equation as well as
a derivation of the formula needed for the integrating factor used in the solution process.

A solution defined on all of R is called a global solution. A general solution of an nth-order equation is a
solution containing n arbitrary independent constants of integration. A valuable but little-known work on the
subject is that of Houtain Darboux starting in was a leader in the theory, and in the geometric interpretation of
these solutions he opened a field worked by various writers, notable ones being Casorati and Cayley. To the
latter is due the theory of singular solutions of differential equations of the first order as accepted circa
Reduction to quadratures[ edit ] The primitive attempt in dealing with differential equations had in view a
reduction to quadratures. As it had been the hope of eighteenth-century algebraists to find a method for
solving the general equation of the nth degree, so it was the hope of analysts to find a general method for
integrating any differential equation. Gauss showed, however, that the differential equation meets its
limitations very soon unless complex numbers are introduced. Hence, analysts began to substitute the study of
functions, thus opening a new and fertile field. Cauchy was the first to appreciate the importance of this view.
Thereafter, the real question was to be not whether a solution is possible by means of known functions or their
integrals but whether a given differential equation suffices for the definition of a function of the independent
variable or variables, and, if so, what are the characteristic properties of this function. Collet was a prominent
contributor beginning in , although his method for integrating a non-linear system was communicated to
Bertrand in Clebsch attacked the theory along lines parallel to those followed in his theory of Abelian
integrals. He showed that the integration theories of the older mathematicians can, by the introduction of what
are now called Lie groups , be referred to a common source, and that ordinary differential equations that admit
the same infinitesimal transformations present comparable difficulties of integration. He also emphasized the
subject of transformations of contact. The theory has applications to both ordinary and partial differential
equations. Symmetry methods have been recognized to study differential equations, arising in mathematics,
physics, engineering, and many other disciplines. Sturmâ€”Liouville theory Sturmâ€”Liouville theory is a
theory of a special type of second order linear ordinary differential equations. Their solutions are based on
eigenvalues and corresponding eigenfunctions of linear operators defined in terms of second-order
homogeneous linear equations. Liouville , who studied such problems in the mids. The interesting fact about
regular SLPs is that they have an infinite number of eigenvalues, and the corresponding eigenfunctions form a
complete, orthogonal set, which makes orthogonal expansions possible. This is a key idea in applied
mathematics, physics, and engineering. Existence and uniqueness of solutions[ edit ] There are several
theorems that establish existence and uniqueness of solutions to initial value problems involving ODEs both
locally and globally. The two main theorems are Theorem.
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Advanced Math Solutions - Ordinary Differential Equations Calculator, Separable ODE Last post, we talked about linear
first order differential equations. In this post, we will talk about separable.

For a given system of equations 1 satisfying the nondegeneracy condition mentioned, four cases arise. The
first case is when and all the Jacobiâ€”Mayer brackets vanish whenever 1 is satisfied. In this case, we can
solve 1 for to. The solution of the system is then obtained by integrating the exact differential form. The
second case is when there are distinct indices and. Then 1 is incompatible and there are no solutions. In the
third case, , and all the Jacobiâ€”Mayer brackets vanish in 1. We must supplement 1 with additional equations
until we get to the first or second case. These equations are obtained by solving the system of linear first-order
PDEs , where. For example, we get the additional equation , where is an arbitrary constant, by solving the
system of linear first-order PDEs , where. The solution of the completed system depends on arbitrary
constants. We obtain the general solution of the initial system of equations 1 by expressing one of the arbitrary
constants as a function of the remaining ones, then eliminating the remaining constant between the resulting
equations and their first-order partial derivatives with respect to the arbitrary constants. In the fourth and final
case, some brackets are zero in 1 and other brackets have the form , where the depend at least on some. In this
case, we must prepend the equations to the equations in 1 and proceed as in the third case. The procedure just
described is the essence of the Bourâ€”Mayer approach to the solution of 1. One has to solve overdetermined
systems of linear scalar PDEs and ensure that the equations one adds to the initial system are compatible with
them and that the equations of the resulting systems are linearly independent. In our implementation of the
Bourâ€”Mayer approach, we complete the initial system of equations 1 by prepending to it the appropriate
compatibility constraints prescribed by Jacobiâ€”Mayer brackets until we obtain either a compatible or an
incompatible system. Starting from compatibility constraints, we iteratively solve the compatible system
obtained by using the built-in function. The remainder of this article is devoted to the implementation and
testing of this approach. Implementation and Tests Here we focus on the coding of the algorithm described in
the introduction. Specifically, we start by iteratively solving a system of consistent first-order PDEs in one
dependent variable. Then we implement the test of consistency of a system of first-order PDEs in one
unknown. Finally, we couple the last two programs in such a way that a single function is used to compute the
general solution of the input system when it exists or to indicate that it is inconsistent.
Chapter 6 : First Order Homogeneous Linear Equations
Get all the x's on one side and all the y's on the other. Then just Cal 2 your way through the problem.

Chapter 7 : Differential Equations - First Order DE's
This video explains how to find the particular solution to a linear first order differential equation. The solution is verified
graphically. Video Library: h.

Chapter 8 : Differential equation - Wikipedia
First-Order Linear Di erential Equations: AFirst order linear di erential equationis an equation of the form y0+P(x)y =
Q(x): Where P and Q are functions of x: If the equation is written in.

Chapter 9 : Modeling with First Order Differential Equations
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Section Linear Differential Equations. The first special case of first order differential equations that we will look at is the
linear first order differential equation. In this case, unlike most of the first order cases that we will look at, we can actually
derive a formula for the general solution. The general solution is derived below.
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