MATH 116  ACTIVITY 4:
Basic Ideas of Differential Equations

WHY:

In using functions related to size and change, we often know some connection between size and growth rate, but don't have an actual  formula for the growth rate. Differential equations express such connections. The solutions (which are functions) then express the actual size at any time. A lot of the use of calculus for theory (in physical science, in life science, in social science) comes through differential equations.

LEARNING OBJECTIVES:


1.
Recognize a differential equation and the initial conditions (if they are present)

2.
 Be able to identify [though yet to find] the general solution of a differential equation and to find a particular solution using the general solution and  initial conditions .

3.
Work as a team, using the team roles.

CRITERIA:

1.
Success in completing the exercises.

 2.
Success in working as a team and in filling the team roles.

RESOURCES:

1.
Your text – section 11.1 

2. 
Your notes [from Tuesday] and the notes “Differential Equations/Language & generalities” attached below
3.
The team role desk markers (handed out in class for use during the semester)

4.
40 minutes

PLAN:

1.
Select roles, if you have not already done so, and decide how  you will carry out steps 2 
 first cycle of the graph are hand 3

2. 
 Read through the handout defining the basic terms and work through the examples given there [Note: the examples do not show how to find a general solution.]

3.
Complete the exercises given here - be sure all members of the team understand and agree with all the results  in the recorder's report.

4.
Assess the team's work and  roles performances and prepare the Reflector's and Recorder's reports including team grade .

EXERCISES:

1.
For  each of these, a differential equation is given, followed by three functions.  Determine which of the functions are solutions of the differential equation [may be more than one, may be none].  Show how you decide.
a.) Equation:   y  = .05y   Functions: 1.)  y = 10 + 20e.05t  2.) y = 10 e.05t  3.) y = .05 e10x
b.) Equation  y  = 2xy + y   Functions: 1.) y = 8 e EQ \S\up5(x2+ x)   2.) y = 5 e EQ \S\up5(x2)   3.) y =  8 e EQ \S\up5(x2+ x + 4) 
2.
Show that the given (general) function is a general solution for the differential equation, and find the particular solution that fits the initial conditions. Give the value of   y  and the value of  y  at the point specified [You do not yet have the tools to find solutions for these equations].
a.) Equation:  y  =  EQ \f(x,y)  General solution  y =  EQ \r(,x2+A). Initial condition y(5) = 6  [Give  y  and y at x =7]
b.) Equation:  2xy  = y + 1 General solution  y = A EQ \r(,x) - 1  Initial condition y(4) = 6  [Give  y  and y at at x = 5]

3.
Solve [give the general and particular solutions] these initial value problems with elementary differential equations.
a.)  x+ yx2  with y(4) = 7
b.) y e.05t    with y(0) = 2

CRITICAL THINKING QUESTIONS:(answer individually in your journal)
1.
What is the difference between antiderrivative problems and differential equations? How are they the same?

2. 
What goes wrong if we try to solve a differential equation like  2xy  = y + 1  by just solving the equqtion for  y  and integrating? [Can we calculate 
[image: image1.wmf]  if we don’t already know  y ?]

3.
To deal with separable differential equations, we will need to be able to find integrals like  
[image: image2.wmf] and 
[image: image3.wmf]. what should these integrals give?

SKILL EXERCISES


Text p. 611 # 21, 27

Math 116

Differential Equations
Language & generalities

A differential equation  is an equation which includes [a symbol for] the derivative of some unknown function. It may also include [a symbol for] the function, the independent variable [usually represented by x  or  t], other derivatives, etc.  

We are concentrating on first-order  (only first derivative) equations.

For example:  

a.) x + y = 10  [y  is the derivative x  is the independent variable, function does not appear]

b.) y  = y + 1   [y is the function,   y  is the derivative, independent variable does not appear]


c.) y  = 2xy  [y is the function,  y  is the derivative, x is the independent variable]

A solution of a differential equation is a function whose derivative fits in the equation [with the function, etc.] to make it true. [Nothing is being said here about how we find solutions]  A differential equation will have many solutions, but all will be of very similar form [See "general solution" and "particular solution" below]

One solution of  a.)  is  y = –  EQ \f(x2,2) + 10x - 5  - that is,  with this function for   y , we get    y  = - x + 10 ,  so that  x  +  y  = x + ( - x + 10) = 10  , as required. Another solution is  y =  –  EQ \f(x2,2) + 10x  + 47 .   The function  y = x2 + 10x -8 is not a solution, since this y gives  y = 2x + 10,  so that  x + y  =  x + (-2x + 10) = -x + 10, which is not 10. . 

One solution of  b.)  is  y = 5ex - 1 , since this  y  gives   y  = 5ex and y + 1 =  5ex – 1, which is the same.  Another solution is  y = 8ex - 1 since this  y  gives  y  = 8ex  and y + 1 =  8ex-1 + 1 =  8ex.  The function  y = 8ex +2  is not a solution  because  y   is 8ex  but y + 1  is  8ex+ 2 + 1 = 8ex + 3  , which is not the same as   y  .

One solution of  c.)  is  y = 12 e EQ \S\up5(x2).  This gives   y  = 12(2xe EQ \S\up5(x2)) = 24xe EQ \S\up5(x2),  and  2xy  is  2x(12e EQ \S\up5(x2)) = 24xe EQ \S\up5(x2) - which is the same as y. The function  y = 12 + e EQ \S\up5(x2)  is not a solution of  c. This function gives   y = 2xe EQ \S\up5(x2), but  2xy = 24x + 2xe EQ \S\up5(x2)  which does not match   y .

For every differential equation, there is a general solution  which involves an undefined constant (like the  C in antiderivatives - but it may be multiplied or divided rather than adeded).  Different values for this constant give different particular solutions [the language is the same as with antiderivatives - general with the constant unknown, particular when we can find a value for it]

The general solution for  a)  is  y =  –  EQ \f(x2,2)  + 10x + C [The  C  is the constant]

The general solution for  b)  is y = Aex - 1  [the A  is the constant].  
The general solution for  c.)  is y = Ae EQ \S\up5(x2)  .
The particular solutions shown above are obtained by using different  values for  A  or  C.

We calculate particular solutions  from the general solution as we did with antiderivatives. We must know on value for the function [we usually speak of the initial conditions  for a differential equation - y(a) = b - with  a and  b both known]

For example,  if we add the initial condition  y(0) = 5  to example  b,  we get the particular solution by  1.) taking the general solution  y = Aex – 1 and 2.) the initial condition  y(0) = 5  to write  5 = Ae0 – 1 We solve for A:.  A = 5+1 = 6, so our particular solution is  y = 6ex- 1.

If we add the initial condition y(1) = 9, y = (10/e)ex -1 [which can be written  y = 10ex-1 -1]   is our particular solution
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