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• What is Symbolic Toolbox? 

• How can we create symbols, 

expressions and equations using 

Symbolic Toolbox? 

• Where and how can it be used? 
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Why Needed ? 
 
Try to write- 
 
Eq_1 = 2*X+3*Y + 4*Z 
Eq_2 = X + Y-Z 
 
And try to perform 
Eq_0 = Eq_1 - Eq_2 
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• The Symbolic Math Toolboxes incorporate symbolic 

computation into the numeric environment of MATLAB. 

• The basic Symbolic Math Toolbox is a collection of more 

than 100 MATLAB functions (use MATLAB Help for the 

list) 

• That provide access to the symbolic expression and its 

manipulations using a syntax and style that is a natural 

extension of the MATLAB language. 

 

• The MathWorks provides several features that are 

especially relevant to the kinds of tasks you can perform 

with the Symbolic Math Toolbox, available with MATLAB. 
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Following Previous 
Example with 
Symbolic Toolbox- 
 
Ex_1 = 
2*X+3*Y+4*Z 
Ex_2 = X + Y-Z 
 
Ex_0 = Ex_1 - Ex_2 
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How Symbolic Toolbox works: 

• The computational engine underlying the 

Symbolic toolbox is the kernel of Maple® 

• The actual computations involving 

symbolic objects are performed primarily 

by Maple® 

• The versions of the Symbolic Math 

Toolboxes are designed to work with 

MATLAB 6 or greater and Maple® 8. 
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Symbolic Objects -Describes symbolic objects 

and how they differ from standard MATLAB data 

types 

Creating Symbolic Variables and Expressions- 

How to create symbolic objects and expressions 

The subs Command -How to substitute numbers 

for variables  

Symbolic and Numeric Conversions- How to 

convert between symbolic objects and numeric 

values 

Creating Symbolic Math Functions-How to 

create functions that operate on symbolic 
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Symbolic Objects 

• The Symbolic Math Toolbox defines a new 

MATLAB data type called a symbolic object.  

 

• Internally, a symbolic object is a data structure 

that stores a string representation of the symbol.  

 

• The Symbolic Math Toolbox uses symbolic 

objects to represent symbolic variables, 

expressions, and matrices. 
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Creating an Object (using sym function) 

• The sym or syms function can be used to create 
“symbolic objects” in MATLAB. 
 

• If the input argument to sym is a string, the result is a 
symbolic number or variable. If the input argument is 
a numeric scalar or matrix, the result is a symbolic 
representation of the given numeric values. 
 

• For example, typing x = sym(‘x’) creates the symbolic 
variable with name x, and typing y = sym(‘y’) creates 
a symbolic variable named y. 
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Try: 

x = 2; 

a = sqrt(x) 

 

Now try, 

x = 2; 

x = sym (x); 

a = sqrt (sym (x)) 
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You can use the sym function to create symbolic 
constants by using a numerical value for the 
argument.   
 
For example, Try: 
p = sym(‘p’) 
 
fraction = sym(‘1/3’) 
 
sqroot2 = sym(‘sqrt(2)’) 
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Creating Multiple Object (using syms function) 
The syms function enables you to combine 
more than one such statement into a single 
statement. 
For example,  
typing syms x is equivalent to typing x = 
sym(‘x’),  
 
typing syms x y u v creates the four symbolic 
variables x, y, u, and v. 
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The Catch with Symbolic Objects- 
• MATLAB gives the result 2^(1/2), which means 21/2, 

using symbolic notation for the square root operation, 
without actually calculating a numerical value. 
 

• MATLAB records this symbolic expression in the string 
that represents 2^(1/2).  
 

• You can always obtain the numerical value of a symbolic 
object with the double command: 

 

double(a) 
ans = 
1.4142 
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The Catch with Symbolic Objects- 

 

When you create a fraction involving symbolic 

objects, MATLAB records the numerator and 

denominator.  

For example: 

sym(2)/sym(5) 

ans = 2/5 

 

18 
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The Catch with Symbolic Objects- 

 

MATLAB performs arithmetic on symbolic objects 

differently than it does on standard data types.  

 

If you add two fractions that are of data type 

double, MATLAB gives the answer as a decimal 

fraction.  
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Try: 

 

2/5+1/3 

 

Now  

 

sym(2)/sym(5) + sym(1)/sym(3) 
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The Catch with Symbolic Objects- 
 

If you add the same fractions as symbolic objects, 

MATLAB finds their common denominator and 

combines them by the usual procedure for adding 

rational numbers (as seen in previous example). 
 

The Symbolic Math objects enables you to perform 

a variety of symbolic calculations that arise in 

mathematics and science. 
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Creating Symbolic Variables and Expressions 

 

The sym command lets you construct symbolic 
variables and expressions. 

  

For example, the commands 

 

x = sym('x') 

sym('alpha') 
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Creating Symbolic Variables and Expressions 
 

• You can use symbolic variables in expressions 
and as arguments of functions.  

 

• You can use the operators + - * / ^ and the built-
in functions just as you use them with numerical 
calculations.  

 

• For example: syms x y 
   s = x + y; 
   r = sqrt(x^2 + y^2); 
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Creating Symbolic Variables and 

Expressions 

Suppose you want to use a symbolic 

variable to represent the equation 

 ρ=1+√5/2 

Try:  

 rho = sym('(1 + sqrt(5))/2') 
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Creating Symbolic Variables and Expressions 

 

you can perform various mathematical operations 

on rho.  

 

Try: 

 f = rho^2 - rho - 1 
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Creating Symbolic Variables and Expressions 
 

Now suppose you want to write a quadratic 

expression. You have to define the symbols and 

then you can write the expression  
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Creating Symbolic Variables and 

Expressions 

Constructing Real and Complex Variables 

29 
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Creating Symbolic Variables and Expressions 

 

Constructing a Symbolic Matrix 

30 
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Creating Symbolic Variables and 

Expressions 

 

Simplify Function- It simplifies the equation 

or expression using the mathematical rules. 

 

Expand Function – It expands an expression 

using the mathematical rules. 
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Creating Symbolic Variables and Expressions 

Examples for expand and simplify functions. 

 

Try: 

syms x y 

expand((x+y)^2) 

expand(sin(x+y)) 

simplify(6*((sin(x))^2+(cos(x))^2)) 
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Rule from Linear Algebra 

Rule from Trigonometry 

Rule from Trigonometry 
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The subs command: 
 

The function subs(E,old,new) substitutes new for 
old in the expression E, where old can be a 
symbolic variable or expression and new can be a 
symbolic variable, expression. 
 
Try: 

syms x y 
E = x^2 + 6*x + 7; 
F = subs(E,x,y) 



27/12/2014    NWLMB-2014                         BITS Pilani, Pilani Campus 

35 

 



27/12/2014    NWLMB-2014                         BITS Pilani, Pilani Campus 

36 

 

The findsym Command 
 

To determine what symbolic variables are present 
in an expression, use the findsym function.  
 

Try: 
syms a b n t x z 
f = x^n;  
g = sin(a*t + b); 
findsym(f) 
findsym(g) 
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Symbolic and Numeric Conversions 

 

Num = sym(Num) 

Num = sym(Num, flag) 

38 
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Description 
 

Num = sym(Num): converts a number or numeric 

matrix to symbolic form. 

Num = sym(Num, ‘flag’) : converts a number or 

numeric matrix to symbolic form. The second 

argument specifies the technique for 

converting floating point numbers. 
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Flag: one of the strings r, d, e or f. 
 

r  stands for rational 

d  stands for decimal 

e  stands for estimate error.  Rational result is 

supplemented by ‘eps’, which estimate the 

difference between theoretical rational expression 

and its floating point value. 

f  stands  for floating point. All values are represented 

in the form N*2^e or N*2^e, where N and e are 

integers. 

Default is r. 
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Symbolic and Numeric Conversions 

41 

 

>> t =0.1; 
>> sym(t,'r') 
  
ans = 
  
1/10 
  
>> sym(t,'f') 
  
ans = 
  
3602879701896397/36028797018963968 
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>> sym(t,'e') 

  

ans = 

  

eps/40 + 1/10 
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• Calculus - Limits, summation, differentiation, 
Taylor series and integration. 
 

• Linear Algebra- Inverses, determinants, 
eigenvalues, singular value decomposition, and 
canonical forms of symbolic matrices 
 

• Transforms- Fourier, Laplace, z-transform, and 
corresponding inverse transforms 
 

• Solution of Equations-Symbolic and numerical 
solutions to algebraic and differential equations. 
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 Finding limits    
 
The basic form limit(E) finds the limit as X  0 
 
>>syms a x 
>>limit(sin(a*x)/x) 
ans = 
     a 

44 
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 Finding limits    
The form limit(E,v,a) finds the limit as v  a. 
 
>>syms h x 
>>limit((x-3)/(x^2-9),3) 
ans = 
     1/6 
 
>>limit((sin(x+h)-sin(x))/h,h,0) 
ans = 
     cos(x) 45 
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 Finding limits    
The forms limit(E,v,a,’right’) and limit(E,v,a,’left’) 
specify the direction of the limit. 
 

>>syms x 
>>limit(1/x,x,0,’left’) 
ans = 
     -inf 
 

>>limit(1/x,x,0,’right’) 
ans = 
     inf 46 
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Summation of Series (using symsum function)   
 
symsum-Symbolic summation of series 
Syntax  
r = symsum(s) 
r = symsum(s,v) 
r = symsum(s,a,b) 
r = symsum(s,v,a,b) 
 

 

47 
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Description 

r = symsum(s) is the summation of the symbolic 

expression s with respect to its symbolic variable 

k as determined by findsym from 0 to k-1. 

r = symsum(s,v) is the summation of the symbolic 

expression s with respect to the symbolic variable 

v from 0 to v-1. 

r = symsum(s,a,b) and r = symsum(s,v,a,b) are the 

definite summations of the symbolic expression 

from v=a to v=b. 

 48 
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Summation of Series (using symsum function)   
The symsum(E,a,b) function returns the sum of the 
expression E as the default symbolic variable varies from a 
to b. 
>> syms k n 
>> symsum(k,0,10) 
ans =      55 
>>symsum(k^2, 1, 4) 
ans =     30 
>>symsum(k,0,n-1) 
ans = 
     1/2*n^2-1/2*n 
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Differentiation with the diff function 
 
diff- Differentiate symbolic expression 
Syntax  
diff(S) 
diff(S,'v') 
diff(S,n) 
diff(S,'v',n) 
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Description 

diff(S) differentiates a symbolic expression S 

with respect to its free variable as 

determined by findsym. 

diff(S,'v') or diff(S,sym('v')) differentiates S 

with respect to v. 

diff(S,n), for a positive integer n, 

differentiates S n times. 

diff(S,'v',n) and diff(S,n,'v') are also 

acceptable. 
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Differentiation with the diff function 
 

>>sym x  
>>diff(x^4) 
ans = 
  4*x^3 
 
>>diff(log(x)) 
ans = 
     1/x 
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>>diff((sin(x))^2) 

ans = 

     2*sin(x)*cos(x) 

53 
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Differentiation with the diff function 
 

In case of multiple variables 
 

If the expression contains more than one variable, 
the diff function operates on the variable x, or the 
variable closest to x, unless told to do otherwise. 
When there is more than one variable, the diff 
function computes the partial derivative. 
 

>>diff(sin(x*y)) 
ans = 
     cos(x*y)*y 
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Differentiation with the diff function 
In case of multiple variables 
 

The function diff(E,v) returns the derivative of 
the expression E with respect to the variable v. 
 
>>syms x y 
>>diff(x*sin(x*y),y) 
ans = 
     x^2*cos(x*y) 
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Differentiation with the diff function 
 

In case of nth order derivative 
 

The function diff(E,n) returns the nth derivative 
of the expression E with respect to the default 
independent variable. 
 

>>syms x 
>>diff(x^3,2) 
ans = 
     6*x 
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Differentiation with the diff function 
In case of multiple variable and nth order 
derivative 
 

The function diff(E,v,n) returns the nth derivative 
of the expression E with respect to the variable v. 
 

>>syms x y 
>>diff(x*sin(x*y),y,2) 
ans = 
     -x^3*sin(x*y) 
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 Taylor Series    
 
The Taylor series for an analytic function f(x) 
about the base point x=x0 is given below. 
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 Taylor Series    
 
The taylor(f,n,a) function gives the first n-1 
terms in the Taylor series for the function 
defined in the expression f, evaluated at the 
point     x0 = a. If the parameter a is omitted the 
function returns the series evaluated at x0 = 0. 
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>>syms x 

>>f = exp(x); 

>>taylor(f,4) 

ans = 

     1+x+1/2*x^2+1/6*x^3 

>>taylor(f,3,2) 

ans = 

     exp(2)+exp(2)*(x-2)+1/2*exp(2)*(x-2)^2 
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Integration with the int function 
 

Int- Integrates a function 
Syntax  
int(E) 
int(E,v) 
int(E,a,b) 
int(E,v,a,b) 
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Description 

int(E) returns the indefinite integral of E with respect to 

its symbolic variable as defined by findsym. 

int(E,v) returns the indefinite integral of E with respect 

to the symbolic scalar variable v. 

int(E,a,b) returns the definite integral from a to b of E 

with respect to the default symbolic variable. 

a and b are symbolic or double scalars. 

int(S,v,a,b) returns the definite integral of E with respect 

to v from a to b. 

 62 
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Integration with the int function 
 
The function int(E) returns the integral of the 
expression E with respect to the default 
independent variable. 
 
>>syms x 
>>int(2*x) 
ans = 
     x^2 
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Integration with the int function. 
 
Examples: 
>>syms n x y 
>>int(x^n) 
ans = 
     x^(n+1)/(n+1) 
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Examples: 

>>int(1/x) 

ans = 

     log(x) 

 

>>int(cos(x)) 

ans = 

     sin(x) 

 65 
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Integration with the int function 
In case of an interval 
 

The form int(E,a,b) returns the integral of the 
expression E with respect to the default 
independent variable evaluated over the interval 
[a, b], where a and b are numeric expressions. 
 

>>syms x 
>>int(x^2,2,5) 
ans = 
     39 
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Integration with the int function 
In case of an interval and a specified variable 
 

The form int(E,v,a,b) returns the integral of the 
expression E with respect to the variable v 
evaluated over the interval [a, b], where a and b 
are numeric quantities. 
 

>>syms x y 
>>int(x*y^2,y,0,5) 
ans = 
     (125/3)*x 
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Integration with the int function 
 
In case of a symbolic interval 
 
The form int(E,m,n) returns the integral of the 
expression E with respect to the default 
independent variable evaluated over the 
interval [m, n], where m and n are symbolic 
expressions. 
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>>syms t x 

>>int(x,1,t) 

ans = 

     1/2*t^2-1/2 

 

>>int(sin(x),t,exp(t)) 

ans = 

     -cos(exp(t)) + cos(t) 

 69 



27/12/2014    NWLMB-2014                         BITS Pilani, Pilani Campus 

You can use the inv(A) and det(A) functions to 
invert and find the determinant of a matrix 
symbolically. 
 

Example- 
>>syms k 
>>A = [0 ,1;-k, -2]; 
>>inv(A) 
ans = 
     [ -2/k, -1/k ] 
     [ 1, 0 ] 

70 
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>>A*ans    % verify that the inverse is 

correct 

ans = 

     [ 1, 0 ] 

     [ 0, 1 ] 

 

>>det(A) 

ans = 

     k 
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• You can use matrix methods in MATLAB to solve 
linear algebraic equations symbolically.  

• You can use the matrix inverse method, if the 
inverse exists, or the left-division method. 

72 
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>>syms c 

>>A = sym([2, -3; 5, c]); 

>>b = sym([3; 19]); 

>>x = inv(A)*b   % the matrix inverse method 

x = 

   [3*c/(2*c+15)+57/(2*c+15)] 

   [23/(2*c+15)] 

 

Example 

73 
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>>x = A\b   % the left-division method 

x  = 

   [3*(19+c)/(2*c+15)] 

   [23/(2*c+15)] 
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 The solve function- 
• It is a symbolic solution of algebraic equations. 

 
• The input to solve can also be either symbolic 

expressions or strings. 
 

• Syntax for solve function can be 
 
solve(eq) 
solve(eq,var) 
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 The solve function- 
There are three ways to use the solve function. 
For example, to solve the equation x + 5 = 0,  
One way is 
eq1 = ‘x+5=0’; 
solve(eq1) 
 
The second way is:     solve(‘x+5=0’) 
 
The third way is: syms x 
   solve(x+5) 
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The solve function- 
 
You can store the result in a named variable as 
follows: 
 
syms x 
x = solve(x+5) 
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The solve function- 
 
Try: 
To solve the equation e2x + 3ex = 54 
 
solve('exp(2*x)+3*exp(x)=54') 
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The solve function- 
You can solve varieties of equation using 
solve function for example- 
 
>>eq2 = ‘y^2+3*y+2=0’; 
>>solve(eq2) 
ans = 
     [-2] 
     [-1] 
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>>eq3 = ‘x^2+9*y^4=0’; 

>>solve(eq3) 

ans = 

     [ 3*i*y^2] 

     [-3*i*y^2] 
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When more than one variable occurs in 
the expression, MATLAB assumes that 
the variable closest to x in the alphabet is 
the variable to be found. You can specify 
the solution variable using the syntax 
solve(E,’v’), where v is the solution 
variable. 

The solve function- 
 
Note: 
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By definition 

L(s)=∫0
∞ F(t)e-st dt 

Description 

L = laplace(F) is the Laplace transform of the 

scalar symbol F with default independent 

variable t. The default return is a function of s. 

The Laplace transform is applied to a function 

of t and returns a function of s. 

F = F(t)  L=L(s) 
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LAPLACE TRANSFORM 
 
laplace- It generates Laplace transform 
 
Syntax  
laplace(F)  
laplace(F,t)  
laplace(F,w,z)  
 

 



27/12/2014    NWLMB-2014                         BITS Pilani, Pilani Campus 

LAPLACE TRANSFORM 
Examples: 
>>syms b t 
>>laplace(t^3) 
ans = 
     6/s^4 
 

>>laplace(exp(-b*t)) 
ans = 
     1/(s+b) 
 

>>laplace(sin(b*t)) 
ans = 
     b/(s^2+b^2) 

84 
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LAPLACE TRANSFORM 
In case of laplace(F,t)  
 
Description 
L = laplace(F,t) makes L a function of t instead of 
the default s. 
 
By definition 
 

L(t)=∫0
∞ F(x)e-tx dx 
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LAPLACE TRANSFORM 
In case of laplace(F,w,z)  
 
Description 
L = laplace(F,w,z) makes L a function of z and F a 
function of w instead of the default variables s 
and t, respectively. 
By definition 
 

L(z)=∫0
∞ F(w)e-wz dw 
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INVERSE TRANSFORM 
 
ilaplace- It generates inverse Laplace transform 
 
Syntax  
F = ilaplace(L) 
F = ilaplace(L,y) 
F = ilaplace(L,y,x) 
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Description 

 

F = ilaplace(L) is the inverse Laplace transform of 

the scalar symbolic object L with default 

independent variable s.  

 

The default return is a function of t. The inverse 

Laplace transform is applied to a function of s and 

returns a function of t. 
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Examples:  
>>syms b s 
>>ilaplace(1/s^4) 
ans = 
     1/6*t^3 
 

>>ilaplace(1/(s+b)) 
ans = 
     exp(-b*t) 
 

>>ilaplace(b/(s^2+b^2) 
ans = 
     sin(b*t) 
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Other TRANSFORMs 
 
• You can explore other transforms such as 

Fourier, z-transform as well using Symbolic 
Toolbox 
 

• Use MATLAB help for knowing more about 
these transforms and their corresponding 
inverse. 
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Plotting Symbolic Functions, Equations & 
Expressions 

 
You can use ezplot. 
 
Syntax 
ezplot(fun) 
ezplot(fun,[min,max]) 
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Description 

ezplot(fun) plots the expression fun(x) over 

the default domain -2π < x < 2π.  

 

ezplot(fun,[min,max]) plots fun(x) over the 

domain: min < x < max. 
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Plotting Symbolic 
Functions, Equations 
& Expressions 
Try: 
 
>> syms x y 
>> ezplot('x^4-y^2', [-

pi, pi]) 
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