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Module 3
Symbolic Manipulations in MATLAB
This module is aimed to introduce MATLAB’s Symbolic Math toolbox. It is not complete. You are advised to look into MATLAB’s demo menu and find under Toolboxes the demo for Symbolic Math. You can also use the help symbolic command. This module assumes that you have already prior knowledge to differential and integral Calculus, and differential equations. At the end of this module, you are expected to:
a. solve algebraic equations using MATLAB’s solve function.
b. find the derivative of an expression using MATLAB’s diff function.
c. obtain the integral of an expression using MATLAB’s int function.
d. arrive at a solution to ordinary differential equation using MATLAB’s dsolve function.
This module is divided into:
1.1 
Introduction
1.2 
Solving Algebraic Equations 

1.3 
The Derivative of an Expression
1.4 
The Integral of an Expression
1.5 
Ordinary Differential Equations
1.6 
Summary of Commands and Functions
1.1 Introduction
MATLAB is primarily a numerical package. It was first introduced without any symbolic manipulation capability. After MAPLE version 4 engine was embedded in 
MATLAB, it made it possible for doing symbolic math. To know more about Maple, you can visit the official website at http://www.maplesoft.com/.
1.2 Solving Algebraic Equations
MATLAB can find solutions to algebraic equations both single and a system of equations. This is accomplished using the solve command. It is quite easy to use. To find the solution to a quadratic equation 
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, issue the command:
>> solve('6*x^2+11*x-35=0')
ans =

[ -7/2]

[  5/3]

MATLAB returns the answers in vector format. Thus, the roots are x1 = -7/2 and x2=5/3. You can check the answer by doing the reverse. Equate each root to zero and simplify. Then, multiply both left hand side expressions:
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You first need to tell MATLAB that x is a symbolic variable and not a default matrix variable. 

>> x=sym('x');
>> (2*x+7)*(3*x-5)
ans =

(2*x+7)*(3*x-5)

>> expand(ans)

ans =

6*x^2+11*x-35

Alternatively, you can come up with this:

>> expand((2*x+7)*(3*x-5))
ans =

6*x^2+11*x-35
You can also solve systems of equations in solve command. From Module 2:

2p + 3q + 4r = - 8

3p + 5q + 7r = -14

4p + 3q – 2r =     8

>>S = solve('2*p+3*q+4*r=-8','3*p+5*q+7*r=-14', … 

'4*p+3*q-2*r=8')
S = 

    p: [1x1 sym]

    q: [1x1 sym]

    r: [1x1 sym]
The output tells you that the solution is placed in a structure S containing the objects p, q, and r. To retrieve the values of the variables, you type:

>> [S.p S.q S.r]

ans =

[ -1,  2, -3]
In order to retrieve the values of the variables, it is best to do something like this:

>> [p q r] = solve('2*p+3*q+4*r=-8','3*p+5*q+7*r=-14', ...

'4*p+3*q-2*r=8') 

p =

-1

q =

2

r =

-3 

An ellipsis (…) is used to signify that the command is broken into parts and the continuation is on the next line.

Command such as the one above automatically creates symbolic variables p q and r without using sym or syms.
The solve command can also handle nonlinear systems. From module 2:
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>> [x y] = solve ('x^2-4*y+7=0', '3*x^2+log(x)-2=0')

x =

1/6*2^(1/2)*lambertw(6*exp(4))^(1/2)*3^(1/2)

y =

1/24*lambertw(6*exp(4))+7/4

The answers don’t look meaningful. You can convert them to double-precision format (with decimals) by using the double command. 
>> [double(x) double(y)]

ans =

    0.8492    1.9303

The solve command can also find all the roots of a polynomial equation. From module 2:

[image: image6.wmf]0

1

4

8

3

2

2

3

4

=

-

+

+

-

x

x

x

x


>> solve('2*x^4-3*x^3+8*x^2+4*x-1=0')
ans =

 *** gibberish output here ***

>> double(ans)

ans =

   0.9377 + 1.9821i

   0.9377 - 1.9821i

   0.1854          

  -0.5608  

1.3 The Derivative of an Expression 
The derivative of an expression is obtained by using the diff command.
To find the derivative of the expression 
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 type the command:
>> diff('exp(sin(x))+tan(2*x)')
ans =

cos(x)*exp(sin(x))+2+2*tan(2*x)^2

Incidentally, MATLAB has no built-in simplification of trigonometric functions. It does not automatically simplify. It will stick to the basic functions of sine, cosine and tangent.  Therefore, you have to do some manipulations.  From MATLAB’s output, 2+2*tan(2*x)^2 is actually 
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. Thus, the answer is 
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You can use simplify command to see the expressions in terms of sine and cosine:
>> simplify(ans)

ans =

(cos(x)*exp(sin(x))*cos(2*x)^2+2)/cos(2*x)^2

1.4 The Integral of an Expression
You can get the integral of an expression by using the int command.
To find the integral of 
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 issue the command:

>> int('2*x^3+log(x)-6')
ans =

1/2*x^4+x*log(x)-7*x

To make the answer more readable, use the pretty command:

>> pretty(ans)
                                    4

                            1/2 x   + x log(x) - 7 x

Remember that lnx is written as log(x) in MATLAB.
1.5 Ordinary Differential Equations 
A significant number of chemical engineering problems involve ordinary differential equations (ODEs). You can use the dsolve command to solve ODEs. The expression 
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is written as Dx while the expression 
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 is solved by typing:
>> dsolve('Dx=-2*t-3')
ans =

-t^2-3*t+C1
You can also add the initial condition x(0). For example if x(0) = 2, then the command would be:

>> dsolve('Dx=-2*t-3', 'x(0)=2')

ans =

-t^2-3*t+2

1.6 Summary of Commands and Functions
The commands and functions used in the order of appearance are:
	Command/Function
	Description


	solve
	solves algebraic equations.

	sym
	creates symbolic numbers, variables and objects.

	expand
	does expansion of algebraic expressions

	syms
	creates symbolic objects quickly without using the usual sym format. E.g. syms x y z

	double
	converts symbolic matrixes to corresponding double-precision values, i.e. with decimals

	diff
	finds the derivative of an expression

	simplify
	attempts to display a simplified version of an expression. See also: simple

	int
	finds the integral of an expression

	pretty
	displays MATLAB’s output to a more readable format

	dsolve
	solves ordinary differential equations
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