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Mastering M ATLAB  Toolbox Reference  
version 6.0  

The Mastering MATLAB Toolbox is a collection of over 250 M-files written by the authors of 
Mastering MATLAB 6 (ISBN 0-13-019468-9). The functions in the Toolbox range from commonly used 
utilities, to numerical analysis and optimization functions, to powerful high-level plotting routines, to 
polished graphical user interfaces. This is the third version of the Mastering MATLAB Toolbox, with the 
previous versions being associated with the two prior editions of the Mastering MATLAB text. 

As with the prior versions of the Toolbox, this version is available free of charge from the Mastering 
MATLAB web site (see the URL shown in the header). This version of the Toolbox is distributed in P-
code format, which is an encrypted binary format. As a result, no on-line help is available for the 
functions. That is, ���������	��
�

����

�  displays no help text for the function 
�

����

� . In addition, it is not 
possible to see the MATLAB  code that implements the functions. If you wish to have access to the 
Toolbox M-files and have on-line help, you must register the Toolbox by following the directions given 
at the Mastering MATLAB web site. If you registered a prior version of the Toolbox, the web site 
provides options and directions for upgrading to the latest version of the Toolbox. 

This reference manual is a complete rewrite of the manual that accompanied the prior edition of the 
Toolbox. The prior edition was originally written to be the last chapter in the text Mastering MATLAB 5. 
When the decision was made to remove it from the text, it became the downloadable reference manual. 

Not all features of all Toolbox functions are covered in the reference manual below. Many functions 
have alternative calling syntax and offer more sophisticated fe atures than disclosed below. 
Complete help for all Toolbox functions can be obtained by registering the Toolbox. 

Changes from the previous version:  

This version of the Toolbox contains over 100 new M-files, including a rational polynomial object 
class named ����� � . In addition to the new M-files, the following M-files have been renamed, 
dramatically changed, deleted, or are obsolete but grandfathered. 

 
Function Status ���	��� ��� Renamed as 

���	��� ������� , now supports all forms. ��� � � ��� Now supports an arbitrary number of input arguments. �����	� � Now supports an arbitrary number of input arguments. ��� �	��� ��� Bugs fixed and half-wave sine wave added. 
���� � � ��! � Now allows weighted fitting. 
�����"� ��#$� � Obsolete, superseded by the Workspace Browser. 
���&% � Obsolete, superseded by the Current Directory Browser. 
���&% � ��' � Renamed as ���&% � ��' �����&( . 
��� !�� � � � Obsolete, 

!�� � � ��� � �  is now a MEX-file. 
��� !�� '�) Obsolete, superseded by ��� !�� ' � � . 
��� � � � � Obsolete, superseded by the Import Wizard. 
��� ��� � �� Renamed as ��� ��� � �+*�* . 
��� � � ��� � Deleted, � � ��� �  now supported fractional time. 
��� � �,' � Obsolete. 
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Function Status 
��� � % � � � � Obsolete. 
��� � � � � ��� Renamed as ��� � � � � ��� . 
��� � � � ���	� Deleted, superseded by ��� � ��-�� � . 
��� � � ! ( � Now supports an integration constant. 
��� � ' ! � # Obsolete, superseded by Figure window tools. 
����. ��� � Now performs a picture-in-a-picture zoom. 

 

New functions:  

Of the 100 or so new functions in the Toolbox, the following list documents the most important 
additions. 

 
Function Description 
�	��/ ���&� Clear variables except those listed. 
�	����/ � !0��1 Make index vector from limits. 
�	� ��! ( � �0% Find first or last nonzero indices per row or column. 
�	� ( � � ��� ( Functions on numerical arrays. 
�	��� �&��� ��� Repeat or count repeated elements in a vector. 
�	� �	� � �2! ' Subdivide vector values. 
�	� # �3� � Form matrix from circular shifted vector. 
�	� �2!,�����	� � Differential sum of elements. 
�	� 1 Expand singleton dimensions. 
�	�&% ����� ��� ( Functions on cell array contents. 
�	����� ��! ��� � Remove structure fields. 
�	��� ( ��! ��� � Rename structure fields. 
�	��� ����! ��� � Reorder structure fields. 
�	� � ��� � %���%&��� Concatenate structures. 
�	� � ��� � %�� ��� ( Functions on structure fields. 
�	��'� � ��� � %�� Pack/unpack variables to/from a structure. 
�	� � ���,� � / Find tokens in a string. 
�	� !�� ' � � Test for given version of MATLAB . 
�	��� ��! � � ! ( Built-in function names. 
�	��'��"� ( �,� � � M-file variable names. 
�	������%�� � True if MAT-files are equal. 
�	�&% ��� ( � Count occurrences of values in an array. 
�	�&% � ��' � 1 Intersections of two curves. 
�	� � ! (�� ��� ( Functions on line segments. 
�	� �,� �,��%�% Sort vector into complex conjugate pairs. 
�	�� � �  � 2D polynomial to 1D polynomial. 
�	�� � � � ��� 2D polynomial addition. 
�	�� � � � � � 2D polynomial derivative. 
�	�� � � ! ( � 2D polynomial integral. 
�	� ��� ��� ! � � Cubic Hermite spline construction. 
�	� � � �"� � ��/ Modify spline breakpoints. 
�	� � � ! ( � � Spline inflection points. 
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Function Description 
�	� � � ����� � Mathematics on splines. 
�	� � ��� � � � � Paste spline piecewise polynomials. ��� �"� � � Area under a Fourier series. ���,�2! ' !0� � Fourier series time division. ��� � ' �&( ����� Fourier series even and odd time parts. ����! ( � � � � Inverse interpolate Fourier series. ��� ��� � � Fourier series time plot. ����� � � � Fourier series stem plot. 
�	� - � ����� Numerically evaluate cumulative integral. 
�	��4 � � � Numerically evaluate integral. 
�	� ��� � � 1�1 Plot data with top and bottom X-axes. 
�	� ��! -&� ��� Position figure windows. 
�	� -�� � � � � Get settable object properties. 
�	� -�� � � ( ��� % Get undocumented object properties. 
�	� - � !0� Custom axis grids. 
�	� 1 * Show and get x-y coordinates using mouse. 
�	�&% � � ��� Object class existence. 

 
Not included in the above list are the following new GUI functions. 
 

Function Description 
��� � ��! � Interactive polynomial curve fitting GUI. 
��� � � ��! � Spline creation and manipulation GUI. 
��� � � � � ��5 Probe 3-D data using mouse. 
��� � � ! %&/ Set axis ticks using a GUI. 

Function Reference:  

The functions in the Mastering MATLAB Toolbox are described below based on where associated 
material appears in the text Mastering MATLAB 6. However, the functions created in Chapter 38 
Examples, Examples, Examples appear in Chapters that discuss the underlying material. 
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Chapter 2 Basic Features  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� �2! - ! � Round values to given significant digits. 
��� � � -"6+7 Dissect decimal floating point numbers. 
����� ��� Modulus integer count. 
��� � � Principal angle. 
����4 � � ( � Quantize values. 
��� ��! ( % sin(x)/(x) function. 

 
The function ��� �2! - ! ���� �2! - ! ���� �2! - ! ���� �2! - ! �98;:=<?>@<BA�C  returns an output array the same size as :  with its components 

rounded to >  digits in base A . If :  is complex, the real and imaginary components are rounded 
independently. 

The function D;EF<HG�I0J&��� � � -"6+7��� � � -"6+7��� � � -"6+7��� � � -"6+7 8;:�C  dissects the array :  returning two arrays the same size as : . E  
contains the mantissa and G  contains the integer exponent for each element in the input. Loosely 
speaking, this function separates numerical values into their scientific notation equivalents. The 
absolute value of the components of E  are in the range 1≤ | E | < 10.  

The function ����� �������� �������� �������� ��� 8;:K<L:�� ! ( <L:&��� 1 C  returns an array the same size as :  where each component in :  
is wrapped so that the minimum is :&� ! (  and the maximum is :&��� 1 . For example, if 

 
>MJNDPO�QRO 5 O3 SO 6 7 6  5 Q ) T�I

then 
����� ��� 8H>@< 5 <?U�CVJNDWT U 5 Q ) T U 5 Q ) T�I

 
The function ��� � ���� � ���� � ���� � �  is the inverse of the MATLAB  function 

� ( # �+� � . ��� � �98;:�C  returns the principle 
angles in the range −π ≤ θ < π associated with the elements of : . 

The function ����4 � � ( �����4 � � ( �����4 � � ( �����4 � � ( �98;:=<?>@<L:&� ! ( <L:&��� 1 C  quantizes the values in :  to >  levels starting at :&� ! (  and 
ending at :&��� 1 . 
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Chapter 3 The M ATLAB  Desktop  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description � �
Shortcut for � �2! � . � #
Shortcut for �����	� #�! ( . 

�����3*$� � � Variable memory usage. 
����/ ���&� Clear variables or functions except for those listed. 

 
Often the quickest way to open an existing M-file is to type � �2! �SX
Y�Z ������
��  at the MATLAB  prompt. 

When this is done, the file X
Y�Z ������

�  can be anywhere on the MATLAB  path, not just in the current 
directory. To simplify this further the function � �  requires fewer keystrokes and allows more than one 
file to be opened simultaneously. Typing � �[��! ���&( �,� �"6 ��! ���&( �,� �   … opens the MATLAB  editor with 
all the listed files. 

Like the function � � , the function � #  is also a  shortcut. � #N\^]�_ Y^`  is equivalent to �����	� #�! ( \^]�_ Y^` . 
As an alternative to the tools in the Workspace browser and the % ��� �"�  command, the function 

����/ ���&�  clears all variables or functions except those listed as command arguments. 
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Chapter 5 Arrays and Array Operations  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
������/ � !0��1 Make index vector from limits. 
��� � � � � Deal data into individual arguments. 
��� ��! ( � Find indices of a vector in a matrix. 
��� ��! ( � �0% Find first or last nonzero indices per row or column. 
��� � ! � ! � Limit values between extremes. 
��� ( � � ��� ( Functions on numerical arrays. 
��� � ( � Test for monotonic vector. 
�����3� ( � Uniformly distributed arrays. 
�����3� ( � ( Normally distributed arrays. 
����� �&��� ��� Repeat or count repeated values in a vector. 
��� � � !,� � � Shift or circularly shift matrix rows. 
��� � � !,� ��� Shift or circularly shift matrix columns. 
��� �	� � �2! ' Subdivide vector values. 
���"��� ! � Trim negligible array elements. 
��� # �3� � Form matrix from circular shifted vector. 

 
The functions ������/ � !0��1 , ��� ��! ( � �0% , ����� �&��� ��� , ��� �	� � �2! ' , and ��� # �3� �  are developed in Chapter 38  

of the text and therefore require no further explanation. 
The function ��� � � � ���� � � � ���� � � � ���� � � � �  extends the capabilities of the function MATLAB  function 

� � � � . For example, 
D?�a<B�a<^%F<cbdI0J���� � � � � 8fe&C  where e  is a string array, returns individually deblanked rows in consecutive 
output arguments. 

The function ��� ��! ( ���� ��! ( ���� ��! ( ���� ��! ( � 8 1 <hg9C  returns the row (column) indices where the row (column) vector 
1
 

appears in the array g . 
The function ��� � ! � ! ���� � ! � ! ���� � ! � ! ���� � ! � ! �98;:=<L:&� ! ( <L:&��� 1 C  returns an array the same size as :  where each element of :  is 

limited to the range of :&� ! (  ≤ :  ≤ :&��� 1 . 
The function Dhgi<BAa<kjl<	m�m�mfI0J�E�E�>�n�E�o�n	>E�E�>�n�E�o�n	>E�E�>�n�E�o�n	>E�E�>�n�E�o�n	>p8�o�n	>@<L:K<LqK<^rF<	m�m�mfC  applies the function described by o�n	>  to 

each of the remaining input arrays, returning arrays to corresponding output variables. 
The function ��� � ( ���� � ( ���� � ( ���� � ( � 8 1 C  returns -2 if the vector x is strictly decreasing, -1 if it is decreasing, 1 if it is 

increasing, 2 if it is strictly increasing, and 0 if it is neither increasing nor decreasing. 
The function ���"��� ! ����"��� ! ����"��� ! ����"��� ! �F8;:�C  trims (sets to zero) negligible elements in the array : . If :  is complex, 

negligible real and imaginary parts are trimmed. 
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Chapter 6 Mulitdimensional Arrays  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� �2!,�����	� � Differential sum of elements. 
��� 1 Expand singleton dimensions. 

 
The above functions are developed in Chapter 38 of the text and therefore require no further 

explanation. 
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Chapter 7 Cell Arrays and Structures  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description  
���&% ����� ��� ( Functions on cell array contents. 
���&% ����� � ��� Create cell array of strings. 
������� ��! ��� � Remove structure fields. 
����� ( ��! ��� � Rename structure fields. 
����� ����! ��� � Reorder structure fields. 
��� � ��� � %���%&��� Concatenate structures. 
��� � ��� � %�� ��� ( Functions on contents of structure fields. 
����'� � ��� � %�� Pack/unpack variables to/from a scalar structure 

 
The function E�E�j$G�s�s�o�n	>E�E�j$G�s�s�o�n	>E�E�j$G�s�s�o�n	>E�E�j$G�s�s�o�n	>t8�o�n	>@<kj2C  applies the function described by o�n	>  to each cell in the cell array 

j , returning a cell array the same size as j  containing the function results. 
The function ���&% ����� � ������&% ����� � ������&% ����� � ������&% ����� � ���$8fe&C  creates a cell array of strings from the input argument e , which can be a 

single string with embedded new line characters, vertical bars |, or a string array. When e  is a string 
array, ���&% ����� � ���  is approximately three times faster than the standard MATLAB  function % ����� � ��� . 

The function ��� � ��� � %�� ��� (��� � ��� � %�� ��� (��� � ��� � %�� ��� (��� � ��� � %�� ��� ( 8�o�n	>@<ue&C  applies the function described by o�n	>  to each field in the 
structure e , returning a structure with the same field names containing the function results. 

The functions ������� ��! ��� � , ����� ( ��! ��� � , ����� ����! ��� � , ��� � ��� � %���%&��� , and ����'" � ��� � %��  are developed in 
Chapter 38 of the text and therefore require no further explanation. 
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Chapter 8 Character Strings  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� ��! ( ��� ��� Find first string in second string. 
��� !��,�2! - ! � True for digits in strings. 
��� � ( ����� String ON/OFF to from logical conversion. 
��� � ���0%�� ��� Lexical string comparison. 
��� � ����� �&� String replacement without overlaps. 
��� � ���,� � / Find tokens in a string. 
��� � ���,��� ! � Trim leading and/or trailing white space from string. 

 
The function ��� ��! ( ��� ������ ��! ( ��� ������ ��! ( ��� ������ ��! ( ��� ���$8fe 6 <ue� �C  returns starting indices of nonoverlapping occurances of e�  in e 6 . 

This is different than the MATLAB  function 
��! ( ��� ��� , which finds all occurences of the shorter string in 

the longer. 
The function ��� � ( �������� � ( �������� � ( �������� � ( �����  converts the strings v ����� v  and v � ( v  to logical 7  and 6  respectively and vise 

versa. 
The function E�E�e0w$x,j&E�y�sE�E�e0w$x,j&E�y�sE�E�e0w$x,j&E�y�sE�E�e0w$x,j&E�y�s�8fe 6 <ue� �C  compares the string e�  to e 6  in the dictionary order sense. If e�  

appears before e 6 , O 6  is returned. If e�  appears after e 6 , z 6  is returned. 
The function E�E�e0w$x+w&{�|E�E�e0w$x+w&{�|E�E�e0w$x+w&{�|E�E�e0w$x+w&{�|t8Pep<B}�C  returns a cell array containing all tokens in the string e  delimited by 

any of the characters in } . If }  is empty or not given, white space is assumed. This function vectorizes 
the MATLAB  function 

� ���,� � /  to return all tokens in a single call. 
The function ��� � ���,��� ! ���� � ���,��� ! ���� � ���,��� ! ���� � ���,��� ! �  generalizes the operation of the MATLAB  function 

� � � � � ( / , which deletes 
trailing blanks from an input string. ��� � ���,��� ! �@8fe�C  deletes both leading and trailing blanks; 
��� � ���,��� ! �@8fep<&v ��� � � vuC  deletes just leading blanks; ��� � ���,��� ! �@8fep<&v?���3� ! � vuC  deletes just trailing 
blanks. 
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Chapter 9 Relational and Logical Operations  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� � � � �+* Substitute value if empty. 
��� !�� � 4 � � � True for elements equal within tolerance. 
��� !��	� � ! ( � True for floating point integers. 
��� !�� ' � %�� True for vectors. 
��� !�� ' � � True for given MATLAB  version. 

 
The function ��� � � � �+*��� � � � �+*��� � � � �+*��� � � � �+*~8�g�<BA�C  returns g  if g  is not empty, otherwise A  is returned. 
The function E�E"��e�G+��n�gdsE�E"��e�G+��n�gdsE�E"��e�G+��n�gdsE�E"��e�G+��n�gds�8�gi<BAa<Lw&{$s�C  returns an array the same size as g  or A  containing logical True 

where the numerical arrays g  and A  are equal within a tolerance of z���O�w&{$s  and logical False where 
they are not. 

The function E�E"��e��dG�xE�E"��e��dG�xE�E"��e��dG�xE�E"��e��dG�xt8H>�C  for integer >  returns True if running any MATLAB  version >am ( m;� . For 
example, E�E"��e���G�x98^Q
C  returns True if running any version Qlm ( m;� . E�E"��e��dG�x98^:�C  for noninteger :  returns 
True if running MATLAB  version : . For example E�E"��e��dG�x98P)pm 5 C  returns True if running version )pm 5  or 
)pm 5 m 6 .  E�E"��e��dG�x98Px+:�:�C  for string x+:�:  denoting the release number, e.g. v^x 6  ~v  returns TRUE if running 
the designated release number. :&J&E�E"��e��dG�x  returns the >am (  version of MATLAB  ignoring any third digit. 
For example version 6.0.1 returns :&J�Tam 7 . D^>@< ( <k��I0J&E�E"��e��dG�x  returns the >@m ( m;�  version of MATLAB  as 
separate integers. For example D^>@< ( <k�2I0J&E�E"��e��dG�x  returns >�J�) , ( J� , ��J 6  for version 5.2.1. 
E�E"��e��dG�x98"v^xFvuC  returns the numerical release number of MATLAB . 
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Chapter 11 Function M -files  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
����� ��! � � ! ( Built-in function names. 
��� �+# � � Swap two variables. 
����'��"� ( �,� � � M-file variable names. 

 
The function D?Aa<^EF<L:K<kj2I+J�E�E&A�n��	s�w��,>E�E&A�n��	s�w��,>E�E&A�n��	s�w��,>E�E&A�n��	s�w��,>  returns cell arrays of strings containing the names of built-in 

functions in A , M-file functions in E , MEX-file functions in : , and classes in j . Only basic MATLAB  
information is returned. 

The function ��� �+# � ���� �+# � ���� �+# � ���� �+# � �  is discussed in Chapter 11 in the text and therefore requires no further 
explanation. 

The function ����'��"� ( �,� � �����'��"� ( �,� � �����'��"� ( �,� � �����'��"� ( �,� � �  parses an M-file and returns a cell array of strings containing the variable 
names found in the file.
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Chapter 13 File and Directory Management  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��������%�� � True if MAT-file contents are equal. 
��� ��! ��� � ��� � Get file modification date. 

 
The function E�E+g&w&j&E�yE�E+g&w&j&E�yE�E+g&w&j&E�yE�E+g&w&j&E�yd8"v?o ! ���"6 v�<&vBo ! ���  ~vuC  returns logical True (1) if the contents of the two MAT 

files are equal. They are equal if they both contain the same variables and those variables contain the 
same values. 

The function E�E�o��	s�G�}�g&w
GE�E�o��	s�G�}�g&w
GE�E�o��	s�G�}�g&w
GE�E�o��	s�G�}�g&w
G�o ! ���"6 o ! ���  �m�m�m  displays the file modification dates for the listed files. 
Blank lines are displayed for files that do not exist. 
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Chapter 14 Set, Bit, and Base Functions  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� ! ( � � � � � %�� Set intersection within tolerance. 
��� � ( ! 4 � � Set unique within tolerance. 

 
The functions ��� ! ( � � � � � %��  and ��� � ( ! 4 � �  extend the MATLAB  functions 

! ( � � � � � %��  and 
� ( ! 4 � �  

respectively to allow for set inclusion if within a specified tolerance. 
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Chapter 16 Matrix Algebra  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
����� # � � Recursive weighted least squares. 

 
The function D 1 <Hy�I0J�E�E&x��ds	eE�E&x��ds	eE�E&x��ds	eE�E&x��ds	e98^*=<�gi<��9C  computes the weighted least squares solution 

1
 that minimizes 

8^*�OHg 1 CpvB� �2! � - 8��9C	��8^*�OHg 1 C . The weighting vector �  must have a length equal to * , or be a scalar in 
which case all equations are given the scalar weight. �=8 ! C  is the weight given to the 

!
th row of g 1 J	* . If 

requested, the matrix y  contains information for optional future recursive calls. 
D 1 ( <Hy ( I0J&E�E&x��ds	ed8^* ( <�g ( <�� ( < 1 <Hy�C  computes the recursive weighted least squares solution 

1 ( , given 
new equations * ( J,g ( � 1 , where � (  is the weighting vector associated with the new data, and 

1
 and y  are 

the output from the previous function call. y (  is the updated y  matrix. 
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Chapter 17 Data Analysis  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
����� 1 Array maximum value. 
���&% ��� ( � Count occurrences of values in an array. 
���&% � ����� 1 Indices of cumulative maxima. 
���&% � ��' �����&( Length along a plane curve. 
���&% � ��' � 1 Intersections of two curves. 
��� ! ( Array minimum value. 
��� � ! (�� ��� ( Functions on line segments and points on a plane. 
��� ��� ��/ � Find indices of relative extrema. 
��� �,� �,� Generalized 2D sorting. 
��� �,� �,��%�% Sort vector into complex conjugate pairs. 

 
The function DcqK<?>�I0J�E�E�j�{�n	>3wE�E�j�{�n	>3wE�E�j�{�n	>3wE�E�j�{�n	>3wl8�gi<ue&C  returns vectors q  and >  where q  contains the sorted unique 

values in g  and >t8 ! C  contains the number of occurances of g=8 ! C  in e . 
The function E�E�j�n�E�E+g&:E�E�j�n�E�E+g&:E�E�j�n�E�E+g&:E�E�j�n�E�E+g&:l8k:K<&vL��� 1 vuC  returns the indices of  cumulative maxima in :~8&�fC . That is, an 

index value 
!
 is returned if :~8 ! C � :~8 6 � ! O 6 C . 

The function E�E�j�n�x��dG�s�G�>E�E�j�n�x��dG�s�G�>E�E�j�n�x��dG�s�G�>E�E�j�n�x��dG�s�G�>p8;:K<Lq�C  computes the length of the plane curve described by the data in :  
and q . 

The function Dc:K<Lq�I0J�E�E�j�n�x��dG�:E�E�j�n�x��dG�:E�E�j�n�x��dG�:E�E�j�n�x��dG�:l8P� 6 <B�	 �C  finds the intersection points of the two curves on the x-y 
plane identified by the line object handles � 6  and �	 . 

The function ��� � ! (�� ��� (��� � ! (�� ��� (��� � ! (�� ��� (��� � ! (�� ��� (  performs various geometrical tasks between line segments or between 
points on a plane and line segments. 

The function E�E�y�Gfg
|�eE�E�y�Gfg
|�eE�E�y�Gfg
|�eE�E�y�Gfg
|�e98;q=<&vL��� 1 vuC  return the indices where q~8&�PC  has local maxima. 
E�E�y�Gfg
|�ed8;qK<&vL� ! ( vuC  return the indices where q~8&�fC  has local minima. 

The function E�E�e3{�x+wE�E�e3{�x+wE�E�e3{�x+wE�E�e3{�x+wl8;:K<^>�C  sorts the 2D array :  down its >"O th column in ascending order returning 
an array where each column is ordered by the >"O th column sort. E�E�e3{�x+w~8;:K<?>@<&vk% � � vuC , 
E�E�e3{�x+w~8;:K<?>@<&vk% � � v�<&v^� � % �&( � vuC  and E�E�e3{�x+w~8;:K<?>~<&v^� � % �&( � vuC  do the same thing. 
E�E�e3{�x+w~8;:K<?>@<&vk% � � v�<&v � � � % �&( � vuC  and E�E�e3{�x+w~8;:K<u>@<&v � � � % �&( � vuC  sorts :  down its > -th column in 
descending order. E�E�e3{�x3w~8;:K<?>@<&vP� ��# vuC  sorts :  across its > -th row in ascending order returning an array 
where each row is ordered by the > -th row sort. E�E�e3{�x+w~8;:K<?>@<&vP� ��# v�<&v � � � % �&( � vuC  sorts :  across its > -th 
row in descending order. 

The function E�E�e3{�x+w&j�jE�E�e3{�x+w&j�jE�E�e3{�x+w&j�jE�E�e3{�x+w&j�jF8k:�C  sorts the vector :  by increasing real part. Complex numbers are sorted 
into complex conjugate pairs. Values sharing the same real part are sorted by increasing magnitude of 
their imaginary parts, with a+jb appearing before a-jb. This function is generally at least an order of 
magnitude faster than the MATLAB  function j$y�s�:�yfg9��x . 
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Chapter 18 Data Interpolation  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� � � �"�0% � 1D NONmonotonic linear interpolation. 

 
The function :��0J�E�E�e�Gfg
x,j��E�E�e�Gfg
x,j��E�E�e�Gfg
x,j��E�E�e�Gfg
x,j��t8;qK<L:K<Lq&'�� � C  linearly interpolates the vector q  to find q&'�� �  and returns 

the associated interpolated values from the vector :  which must have the same length as q . All 
crossings are found and q  is commonly not monotonic. Each crossing is returned as a separate row in 
:�� . If q&'�� �  is not found, :��0J=DHI . 
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Chapter 19 Polynomials  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
���� � �  � 2D polynomial to 1D polynomial. 
���� � � � ��� 2D polynomial addition. 
���� � � % � / 2D polynomial check and parse. 
���� � � � � � 2D polynomial derivative. 
���� � � ��! � 2D polynomial curve fitting. 
���� � � ! ( � 2D polynomial integration. 
���� � � � ��� 2D polynomial to string conversion. 
���� � � '�� � 2D polynomial evaluation. 
���� � � 1 * 2D polynomial variable swap. 
��� �  � � Polynomial to polynomial matrix conversion. 
��� �  � ��� Polynomial to string conversion. 
��� � � ��� Polynomial addition. 
��� � ��! � Polynomial curve fitting GUI. 
��� � ! ( ��� � Inverse interpolate polynomial. 
��� � �� � Polynomial matrix to polynomial conversion. 
��� � � � � � Polynomial matrix derivative. 
��� � � � '�� � Polynomial matrix evaluation. 
��� � � ��! � Polynomial matrix curve fitting. 
��� � � ! ( � Polynomial matrix integration. 
��� � � � ��� Select subset of polynomial matrix. 
��� � � � * Make real polynomial from roots and polynomials. 
��� � � %&� ��� Scale polynomial, A(x) → A(x/b). 
��� � � � !,� � Shift polynomial, A(x) → A(x+b). 
��� � ��! � Polynomial simplification, strip leading zeros. 
����� # � ��! � Recursive weighted polynomial curve fitting. 

 
The above functions define 2D polynomials as polynomials in X and Y that contain terms up to XNx 

and YNy and all  possible crossproduct terms XiYj where i ≤ Nx, j ≤ Ny and i + j ≤ max(Nx,Ny). This 
corresponds to terms in the Taylor series expansion of a function of two variables. For example, Nx = 
2, Ny = 2, gives the quadratic form  p1 + p2X + p3X

2 + p4Y + p5XY + p6Y
2. Note that there are no terms 

containing XY2, X2Y, or X2Y2. 
The function ���� � �  ����� � �  ����� � �  ����� � �  � 8�y9<&v 1 v�<��
� � C  evaluates the 2D polynomial y  at 

1 J,�
� �  and returns the 
resulting 1D polynomial in Y in standard form. The function E�E� �}�y� �y�8�yt<&v�*�v�<��
� � C  evaluates the 2D 
polynomial y  at *�J,�
� �  and returns the resulting 1D polynomial in X in standard form. 

The function E�E� �}&y�o���wE�E� �}&y�o���wE�E� �}&y�o���wE�E� �}&y�o���wl8k:K<LqK<^rF<?> 1 <?>,*
C  fits the data in : , q , r  to 2D polynomials in :  and q  having 
orders > 1  and >,*  respectively. : , q , and r  must all be the same size where ra8 ! C0J � 8;:~8 ! C9<Lq~8 ! C�C . 
E�E� �}&y�o���w~8;:K<LqK<^rF<��i<?> 1 <?>,*
C  weights the data using � . �=8 ! C  is the weight associated with :~8 ! C , q~8 ! C , 
and rp8 ! C . All elements of �  must be positive. :  and q  can be the plaid output of E�G	e	�,��x���} . 

The function E�E� �}&yf��gdsE�E� �}&yf��gdsE�E� �}&yf��gdsE�E� �}&yf��gdsd8fyt<L:K<Lq�C  evaluates the 2D polynomial y  at the values in :  and q . :  and q  
must be the same size and can be the plaid output of E�G	e	�,��x���} . 

As used in the Toolbox, a polynomial matrix is simply a numerical matrix where each row contains 
a standard polynomial vector. Functions that work on polynomial matrices work on standard 
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polynomial vectors since they are simply polynomial matrices having one row. 
The function y+J�E�E�y� �y,EE�E�y� �y,EE�E�y� �y,EE�E�y� �y,Ea8fy 6 <Hy� @<Hy 5 <	m�m�mfC  builds a polynomial matrix y  from the individual 

polynomials y 6 , y� , etc. 
The function E�E�y� &e0w$xE�E�y� &e0w$xE�E�y� &e0w$xE�E�y� &e0w$xt8�y�C  converts the polynomial vector y  into string representation. For example, 

y�JND^ 5 Q
I  becomes the string v; 1��  Mz 5 1 z�Q�v . E�E�y� &e0w$x98�yt<h�9C  generates the string using the 
string variable �  as the parameter instead of 

1
. E�E"y� &e0w$x98�D^ 5 Q
I9<&v;.~vuC  becomes v; �. �  Mz 5 .Mz�Qiv . 

E�E�y� &e0w$x98�yt< 6 C  or E�E�y� &e+w$x98�yt<��i< 6 C  factors the polynomial into the product of a constant and a monic 
polynomial. E�E�y� &e0w$x98�D^ 5 Q
I9< 6 C  becomes v; ���8 1��  Mz 6 mu) 1 z[ �Cpv . 

The function E�E�y�o���wE�E�y�o���wE�E�y�o���wE�E�y�o���wl8;:K<cq�C  fits a polynomial y�8;:9C  to the data in :  and q  in the least-squares sense 
and presents a GUI for manipulating the fit. 

The function E�E�y��,>3w$x&yE�E�y��,>3w$x&yE�E�y��,>3w$x&yE�E�y��,>3w$x&yd8fyt<�*
C  finds all real values of 
1
 where the polynomial *�J$y�8 1 C  has the scalar 

value * . If no values are found, an empty matrix is returned. 
The function E�E�y,E� �yE�E�y,E� �yE�E�y,E� �yE�E�y,E� �yd8�yt< ! C  extracts the polynomial in the 

!
th row of the polynomial matrix y . 

Duy 6 <Hy� @<Hy 5 <	m�m�mfIVJ�E�E�y,E� �y�8�yt<P��C  extracts the polynomials in the rows indexed by the array � , i.e., 
y 6 J$y�8��
8 6 C9<	�fC , etc. 

The function q&J�E�E�y,E�Gf��gdsE�E�y,E�Gf��gdsE�E�y,E�Gf��gdsE�E�y,E�Gf��gdsd8�yt< 1 C  evaluates polynomial matrix y  at the values in 
1
. The � th column of 

q  the evaluation of y�8P�a<	��C  at 
1 8&�fC . q~8 ! <B��C  is the evaluation of the � th polynomial at 

1 8 ! C . 
The function y+J�E�E�y,E�o���wE�E�y,E�o���wE�E�y,E�o���wE�E�y,E�o���w~8 1 <LqK<?>�C  where 

1
 is a vector and q  is a matrix having as many rows as 1 8&�fC , returns a matrix y  of polynomials of order > , with the 

!
th row of y  being the polynomial 

associated with the 
!
th column of q . 

The function E�E�y,E�e�G�sE�E�y,E�e�G�sE�E�y,E�e�G�sE�E�y,E�e�G�sd8�y9<P��C  returns a polynomial matrix by selecting those indexed by the vector � . 
Leading zero columns are deleted from the selection. 

The function E�E�y+{$s�qE�E�y+{$s�qE�E�y+{$s�qE�E�y+{$s�q  makes real polynomials from root locations and polynomials. E�E�y+{$s�q  features: 
Root locations can be entered as separate input arguments. e.g., E�E�y+{$s�q~80O 6 <fO3 @<fO 5 CVJ�y+{$s�q~8�DPO 69� O
 � O 5 I�C0J@8 1 z 6 C
8 1 z� �C
8 1 z 5 C , Input arguments can be COLUMN vectors of ROOTS, e.g., E�E�y+{$s�q~80O 6 <�DPO
 � O 5 I9<fO�Q
C0J$y+{$s�q~8�DPO 69� O3 � O 5@� O�Q
I�CVJ�8 1 z 6 C
8 1 z� �C
8 1 z 5 C
8 1 z	Q
C , Input arguments can be ROW vectors 
of POLYNOMIALS, e.g., E�E�y+{$s�q~8 7 <fO 6 <�D 6  � �I�C0J$y+{$s�q~8�D 7~� O 69� x,{�{�w2ed8�D 6  � �I�C�I�CVJ1 8 1 z 6 C
8 1��  �z� 1 z� �C , The output is always a real polynomial. Complex conjugate roots are added if they 
do not appear in the input. e.g., E�E�y+{$s�q~8 7 <fO 6 z��&�� "C0J$y+{$s�q~8�D 7~� O 6 z��&�� � O 6 O,�&�� �I�CVJ 1�� 5 z� 1��  �z�) 1 . 
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Chapter 20 Cubic Splines  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� ��� ��� ! � � Cubic Hermite spline construction. 
��� � � �"� � � Cubic spline area. 
��� � � �"� � ��/ Modify spline breakpoints. 
��� � � % � / Check spline piecewise polynomial. 
��� � � % � � Extract or cut out part of a spline. 
��� � � � � � Spline derivative. 
��� � � ��! � Spline creation and manipulation GUI. 
��� � ��-�� � Get spline data. 
��� � � !�! Inverse interpolate spline. 
��� � � ! ( � � Spline inflection points. 
��� � � ! ( � Spline integration. 
��� � � � � � � Find spline discontinuities. 
��� � ��� ! (�� Cubic spline construction with method choice. 
��� � � ����� � Mathematics on spline piecewise polynomials. 
��� � ��� � � � � Paste spline piecewise polynomials. 
��� � ����� � � Plot spline  piecewise polynomials. 
��� � � 1 ����� Cubic spline extremes. 

 
The function E�E&�&G�x�E"��w
GE�E&�&G�x�E"��w
GE�E&�&G�x�E"��w
GE�E&�&G�x�E"��w
G�8;:K<LqK<B}+q�C  returns the piecewise polynomial in pp-form that fits the data in 

: , q , and }+q . q  is a vector of data values at the breakpoints in : . }+q  is a vector of continuous slopes 
}+q$��}+: at each breakpoint. 

The function E�E�e�yfg
x&GfgE�E�e�yfg
x&GfgE�E�e�yfg
x&GfgE�E�e�yfg
x&GfgK8fy�yt<L:&� ! ( <L:&��� 1 C  computes the area under the curve described by the cubic 
spline piecewise polynomial y�y  from :&� ! (  to :&��� 1 . 

The function E�E�e�y+j�n+wE�E�e�y+j�n+wE�E�e�y+j�n+wE�E�e�y+j�n+wl8�y	yt<L:&� ! ( <L:&��� 1 C  extracts the spline piecewise polynomial from y�y , that 
contains the range Dc:&� ! ( <�:&��� 1 I . 

The function y�y�},J�E�E�e�y�}&G�xE�E�e�y�}&G�xE�E�e�y�}&G�xE�E�e�y�}&G�xt8�y�y�C  returns the piecewise polynomial vector y�y�}  describing the cubic 
spline derivative of the curve described by the piecewise polynomial in y�y . 

The function E�E�e�y�o���wE�E�e�y�o���wE�E�e�y�o���wE�E�e�y�o���wl8�y	y�C  returns a spline piecewise polynomial based on the spline piecewise 
polynomial y�y  after manipulation by a GUI. 

The function : ! J�E�E�e�y����E�E�e�y����E�E�e�y����E�E�e�y����
8�y�yt<�* ! C  inverse interpolates the piecewise polynomial y�y , to find the 
points : !  where the spline has the scalar value * ! . 

The function Dc:K<LqK<ue&I0J�E�E�e�y��,>�o�sE�E�e�y��,>�o�sE�E�e�y��,>�o�sE�E�e�y��,>�o�sd8�y�y�C  returns the points :  where the piecewise polynomial y�y  has 
zero curvature. q&J$y�yf��gds98�y�yt<L:�C  and e  is a vector containing the spline slopes at the points in : . 

The function y�y��0J�E�E�e�y��,>3wE�E�e�y��,>3wE�E�e�y��,>3wE�E�e�y��,>3wl8�y�yt<kj2C  returns the piecewise polynomial vector y�y��  describing the 
integral of the cubic spline described by the piecewise polynomial in y�y  and having integration 
constant j . This function is much faster than the function ��� ��� ! ( �  described in the text. 

The function D !01 < !0��1 < !+����1 I0J�E�E�e�y3��n�E�yE�E�e�y3��n�E�yE�E�e�y3��n�E�yE�E�e�y3��n�E�yd8�y�yt<Lw&{$s�C  returns vectors identifying breakpoint indices 
where the spline described by the piecewise polynomial y�y  has discontinuities in its values, slopes, and 
curvatures in the variables 

!01
, 
!0��1

, and 
!0����1

 respectively. w&{$s+J=D?x ��� w � � g
� � w � � I  gives desired 
relative and absolute tolerances for discontinuity determination. If not given w&{$s+J=D 63� O 5�63� O3T�I . 

The function E�E�e�y�s��,>�GE�E�e�y�s��,>�GE�E�e�y�s��,>�GE�E�e�y�s��,>�Gd8k:K<LqK<^E�G�w$�,{�}a<Hy�C  computes the cubic spline interpolant from the data in :  
and q , using the method in E�G�w$�,{�}  and optional parameter vector y  required by some methods. 
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E�E�e�y�s��,>�G  returns the piecewise polynomial pp-form to be evaluated with y�yf��gds . E�G�w$�,{�}  can be any of 
the following: vk% � �,� ��� � v , v ( ��� � �3� � v , v � 1 ���3� � v , v � �"�3��� � � ! %lv , vk% � ��'���� � � � v , v ��� � !0���2! %lv , 
v^� ��� � !0���2! %lv . 

The function E�E�e�y,E+g&w$�E�E�e�y,E+g&w$�E�E�e�y,E+g&w$�E�E�e�y,E+g&w$�t8fy�y 6 <&v � � v�<Hy�y� �C  performs the mathematical operation v � � v  on the spline 
piecewise polynomials y�y 6  and y�y�  and returns the resulting piecewise polynomial. v � � v  is one of the 
following: vLzKv , vHOtv , or vH�av . 

The function E�E�e�y�yfg�e0w
GE�E�e�y�yfg�e0w
GE�E�e�y�yfg�e0w
GE�E�e�y�yfg�e0w
G�8�y�y 6 <Hy�y� �C  pastes spline piecewise polynomial y�y�  into y�y 6  returning the 
combined piecewise polynomial. 

The function E�E�e�y�y�s+{�wE�E�e�y�y�s+{�wE�E�e�y�y�s+{�wE�E�e�y�y�s+{�wl8fy�y�C  plots the spline having piecewise polynomial y�y  over its range of 
definition. E�E�e�y	y�s+{�w~8;:$xa<Hy�y�C  plots y�y  over the range specified by the two element vector :$x,J=Dc:&� ! ( <
:&��� 1 I . 

The function Dc: ! <Lq ! <kj2I+J�E�E�e�y�:�w$x�EE�E�e�y�:�w$x�EE�E�e�y�:�w$x�EE�E�e�y�:�w$x�Ea8�y�y�C  interpolates the piecewise polynomial y�y , to find the points 
: !  and q !  where the spline has zero slope. j  is a vector containing the curvature of the spline at : ! . 



 http://www.eece.maine.edu/mm  Page:  21 

Chapter 21 Fourier Analysis  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description ��� � (�-���� Angle between Fourier series. ��� �"� � � Area under Fourier series. ���,� ��� �3* Add time delay to Fourier series. ���,� � � ! ' Fourier series derivative. ���,�2! ' !0� � Fourier series time division. ��� � '�� � Fourier series evaluation. ��� � ' �&( ����� Fourier series even and odd time parts. ���	��! ( �
Find  Fourier series approximation. ���	��� ������� Fourier series format conversion. ��� � �"��� Fourier series harmonic component selection. ����! ( � � 1
Fourier series harmonic index vector. ����! ( � � � � Fourier series inverse interpolation. ����! ( � - � � Fourier series integral. ��� � � ' Fourier series mean square value. ��� ��� ��/ Fourier series peak value. ��� ��� � !0��� Change Fourier series period. ��� � �
Fourier series power factor. ��� ��� � � Fourier series function plot. ��� � � ��� Fourier series time product. ��� � � ��! . � Resize a Fourier series. ��� � � � � Fourier series linear system response. ��� � ��� ( � Round Fourier series coefficients. ����� ����� %�� Fourier series harmonic selection. ������! . � Fourier series size. ����� � � � Fourier series stem plot. �����	� � Fourier series addition. ����� *�� Enforce Fourier series symmetry. ��� �	��� ��� Fourier series table. ��� � � � Fourier series total harmonic distortion. 

��� ��� �	� ! ( FFT bin frequencies. 
��� ��� � � � % FFT positive frequency components. 
��� � � ��! ( � Find Fourier transform approximation. 
��� #�! ( ����# Generate window functions. 

 
In the Toolbox, Fourier series are stored as a row vector of the coefficients of the complex 

exponential form of the Fourier series as illustrated in the text Mastering MATLAB 6. 
The function g�J
o�e�g2>��$s�Go�e�g2>��$s�Go�e�g2>��$s�Go�e�g2>��$s�G�8P| ( <Ho ( <?>�C  returns the angle g  in radians between the > th harmonic 

component of | (  and o ( . If >  is not given, >�J�z 6  is assumed. 
The function o�e�g
x&Gfgo�e�g
x&Gfgo�e�g
x&Gfgo�e�g
x&GfgK8P| ( <Lw&� ! ( <Lw&��� 1 <Lw�C  returns the area under the function described by the 

Fourier series | (  having period w  from w&� ! (  to w&�"� 1 . 
The function o�e	}&G�sfg&qo�e	}&G�sfg&qo�e	}&G�sfg&qo�e	}&G�sfg&ql8P| ( <B}�C  produces a Fourier Series from the Fourier Series | ( , delayed by the 

normalized time delay in } . }  = delay/period, }  > 0 delays, }  < 0 advances the signal. 
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The function o�e	}&G�x��P�o�e	}&G�x��P�o�e	}&G�x��P�o�e	}&G�x��P�K8P| ( <Lw�C  returns the FS coeficients of the derivative of f(t) whose FS 
coeficients are given by | (  and whose fundamental period is w . 

The function o�e�Gf��gdso�e�Gf��gdso�e�Gf��gdso�e�Gf��gdsd8P| ( <u�p<Lw�C  computes values of a real-valued function given its complex 
exponential Fourier series coefficients | ( , at the points given in �  where the period is w . 

The function DuG ( <k{ ( I0J
o�e�Gf�dG�>�{�}�}o�e�Gf�dG�>�{�}�}o�e�Gf�dG�>�{�}�}o�e�Gf�dG�>�{�}�}t8P| ( C  returns in G (  the FS of the even time function portion of the 
time function in | (  and returns in { (  the FS of the odd time function. 

The function o ( J
o�e�o��,>�}o�e�o��,>�}o�e�o��,>�}o�e�o��,>�}98"vBo�n	>~v�<LwK<?>@<^E"C  computes the complex exponential Fourier series of a real 
valued signal described by the function o�n	>  which is the character string name of a user created M-file 
function. The function is called as 

� J$o�n	>t8f�&C  where �  is a vector over 7 ≤ � ≤ w . w  is the period of the 
function. >  is the number of harmonics. E  is an optional padding number. >�z&E  Fourier series harmonics 
are found and only >  are retained. Since the FFT is used, in most cases, E �,7  increases accuracy. 

The function o�e�o+{�x�E+g&wo�e�o+{�x�E+g&wo�e�o+{�x�E+g&wo�e�o+{�x�E+g&w  converts one Fourier series format into another based on the number of input 
and output arguments provided: Dhg ( <BA ( <�g � I0J$o	e�o+{�x�E+g&w~8P| ( C  converts exponential to trigonometric, 
Dhg ( <BA ( <�g � I0J$o	e�o+{�x�E+g&w~8?j ( <Lw ( C  converts alternate to exponential, D�j ( <Lw ( I0J$o	e�o+{�x�E+g&w~8P| ( C converts         
exponential to alternate, D�j ( <Lw ( I0J$o	e�o+{�x�E+g&w~8�g ( <BA ( <�g � C  converts trigonometric to alternate, 
| ( J$o	e�o+{�x�E+g&w~8?j ( <Lw ( C  converts alternate to exponential, and | ( J$o	e�o+{�x�E+g&wl8�g ( <BA ( <�g � C  converts        
trigonometric to exponential. In these calls  g ( , A ( , g �  are vectors containing the trigonometric format 
coefficients, j ( , w (  are vectors containing the alternate trigonometric coefficients where j ( 8 6 C  is the 
DC component, j ( 8 ! C  is (

!
-1)th harmonic amplitude, w ( 8 6 C0J 7 , and w ( 8 ! C  is (

!
-1)th harmonic angle in 

degrees, | (  = vector containing exponential coefficients as used in Toolbox functions. 
The function o�e	��g
x�Eo�e	��g
x�Eo�e	��g
x�Eo�e	��g
x�Ea8P| ( <?>�C  returns the Fourier series components of | (  at the harmonic indices 

given in > . 
The function o�e&�,>�}&G�:o�e&�,>�}&G�:o�e&�,>�}&G�:o�e&�,>�}&G�:l8P| ( C  returns a row vector of harmonic indices based on the Fourier series 

vector | ( . For example, if | (  has >  positive harmonics, o	e&�,>�}&G�:  returns O3>@�B> . 
The function o�e&�,>3w
G�x&yo�e&�,>3w
G�x&yo�e&�,>3w
G�x&yo�e&�,>3w
G�x&yd8H| ( <��
� � <Lw�C  returns the time points where the function f(t) described by the 

Fourier Series | (  has the scalar value �
� � . The returned time points are in the range D 7 <Lw�C  where w  is 
the period. 

The function o�e&�,>3w&��x&so�e&�,>3w&��x&so�e&�,>3w&��x&so�e&�,>3w&��x&sd8H| ( <Lw�C  returns the FS coeficients of the integral of f(t) whose FS coeficients 
are given by | (  and whose fundamental period is w . The integral returned is zero at t=0. The average or 
DC value of f(t) is ignored. 

The function Duot<Lw � I0J
o�e�y�Gfg
|o�e�y�Gfg
|o�e�y�Gfg
|o�e�y�Gfg
|t8P| ( <Lw � � � ( <Lw�C  returns the peak value o  of the function described by 
the Fourier Series | (  and the point w �  where it occurs. w � � � ( J=Dcw&� ! ( w&��� 1 I  is the range to search for 
the peak. Beware of Gibb's phenomenon. 

The function o�e�y�s+{�wo�e�y�s+{�wo�e�y�s+{�wo�e�y�s+{�wl8P| ( C  plots the FS | (  over the range D 7 w�I  where w&J 6  is the period.   
o	e�y�s+{�w~8;w$|a<B| ( C  plots the FS | (  over the range specified in w$| . w$|  must be either Dcw&� ! ( �+w�w&��� 1 �+w�I  or 
Dcw&� ! ( w&��� 1 w�I , where the range plotted is Dcw&� ! ( w&��� 1 I . 

The function o�e�y�x,{�}o�e�y�x,{�}o�e�y�x,{�}o�e�y�x,{�}t8�o ( <B| ( <	m�m�mfC  returns the Fourier Series of the product of time functions having 
Fourier Series o ( , | ( , etc. 

The function o�e	x&G	e&�3r�Go�e	x&G	e&�3r�Go�e	x&G	e&�3r�Go�e	x&G	e&�3r�Gd8H| ( <?>�C  resizes the complex exponential FS | (  to have ± >  harmonics. If >  is 
greater than the number of harmonics in | ( , zeros are added to the result. If >  is less than the number of 
harmonics in | ( , the result is a truncated version of the input. 

The function o�e�e�G�s�G+j�wo�e�e�G�s�G+j�wo�e�e�G�s�G+j�wo�e�e�G�s�G+j�wl8H| ( <?>�C  returns a Fourier series vector the same size as | ( , containing only 
the harmonics selected by the index vector > . All other harmonics are set to zero. Symmetry is enforced 
in > . That is if a harmonic index (  appears in > , O (  is added if it is not present. Indices outside the range 
contained in | (  are ignored. 

The function o�e�e0w
G,Eo�e�e0w
G,Eo�e�e0w
G,Eo�e�e0w
G,Ea8P| ( <?>�� ! ( <?>���� 1 C  creates a stem plot of the amplitude of the Fourier series 
coefficients | ( , starting at harmonic >�� ! (  and ending at harmonic >���� 1 . 
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The function o�e�e0q�Eo�e�e0q�Eo�e�e0q�Eo�e�e0q�Ea8P| ( <cw�q
y�G�C  enforces the symmetry condition given by w�q
y�G  on the complex 
exponential Fourier series | ( . w�q
y�G  must be one of the following: v � ' �&( v , v ����� v , v � � � � v , v?��� ! ����� v , 
or v ( ��� %lv . 

The function o�e0w�g
A&s�Go�e0w�g
A&s�Go�e0w�g
A&s�Go�e0w�g
A&s�Gd8�o�n	>@<?>@<Hy 6 C  returns a Fourier Series vector of the function o�n	>  having >  
positive harmonics and optional parameter y 6 . The zero-to-peak value of the function is 1. o�n	>  is one 
of the following: v � 4 � �"� � v , v?���3� � v  with y 6  being the fractional duty cycle, v � � # � ��� � � v , v?��� ! � (�-���� v , 
v � � � � � v  with y 6  being the fractional duty cycle, v^� ! � � � �"�9v  with y 6  being the fractional duty cycle, 
v ��� ��� v , v � � � � v , v ��! (�� v , vk% ����! (�� v , v � %lv . 

The function o�e0w$��}o�e0w$��}o�e0w$��}o�e0w$��}t8P| ( C  computes the total harmonic distortion of the Fouries series | ( , using its 
fundamental component as the reference signal. 

The function E�E�o�o�wE�E�o�o�wE�E�o�o�wE�E�o�o�w
A��,>A��,>A��,>A��,>p8k:K<Lw � C  returns the continuous time bin frequencies in rad/sec associated 
with the components of the FFT data in : . w �  is the sampling period of the underlying time domain 
signal. 

The function q&J�E�E�o�o�w
y�o+jE�E�o�o�w
y�o+jE�E�o�o�w
y�o+jE�E�o�o�w
y�o+jF8;:�C  returns the DC and positive frequency components of the FFT data in 
: . 

The function Duot< # I0J�E�E�o�w
o��,>�}E�E�o�w
o��,>�}E�E�o�w
o��,>�}E�E�o�w
o��,>�}t8"vBo�n	>~v�<Lw&� ! ( <Lw&��� 1 <?>�C  computes the Fourier transform of the real 
valued signal described by the function o�n	>  which is the character string name of a user created M-file 
function. The function is called as 

� J$o�n	>t8f�&C  where �3J � ! ( � � ��% � 8kw&� ! ( <Lw&��� 1 <?>�C . Make >  a power of 2 
for speed. 

The function E�E+�9�,>�},{,�E�E+�9�,>�},{,�E�E+�9�,>�},{,�E�E+�9�,>�},{,�K8kw�q
y�Gt<?>@<B� �	��� ��C  creates a window vector of type w�q
y�G  having a length 
equal to the scalar > . w�q
y&G  is a string designating the window type desired: vP� � %lv  = Rectangular or 
Boxcar,  v^���"�9v  = Bartlett (triangle with zero endpoints), v?��� ! v  = Triangular (nonzero endpoints), 
v � � ( v  = Hann or Hanning, v � �,�Kv  = Hamming, v^� � �Fv  = Blackman common coefs., v^� � 1 v  = Blackman 
exact coefs.,  vP� ! � v  = Riemann {sin(x)/x}, v?� � /Fv  = Tukey,  0< � �	��� �  < 1, v � �2! v  = Poisson, 0< � �	��� �  
< 
! ( � , vk%&� � v  = Cauchy, 1< � �	��� �  < 

! ( � , v - � � v  = Gaussian, 1< � �	��� �  < 
! ( � . Reference: F.J. Harris, 

"On the Use of Windows for Harmonic Analysis with the Discrete Fourier Transform," IEEE Proc., 
vol. 66, no. 1, Jan. 1978, pp 51-83. 
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Chapter 22 Optimization  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� � � ! ( % Minimization with inequality constraints. 
��� � ��� ! ( %�� Helper function for ��� � � ! ( % . 
��� � � ! ( � Minimize function of several variables. 
��� ���,� � ' � Solve a set of nonlinear equations. 
��� � % � '�� � Evaluate a linear combination of functions. 
��� � % ��! � Curve fit to a linear combination of functions. 
��� (�� ��! � Nonlinear curve fitting. 
��� (�� ��! �� 2D nonlinear curve fitting. 
��� (�� ��! �P� Helper function for ��� (�� ��! �  and �	� (�� ��! �� . 
��� � (�� '�� � Simple nonlinear curve fit evaluation. 
��� � ( ��! � Simple nonlinear curve fit by transformation. 

 
The function ��� � � ! ( %��� � � ! ( %��� � � ! ( %��� � � ! ( %  is  described by its help text: 
 ���������	� ��� � � ! ( %
E�E�o,E"�,>�j�o � ( %�� !0� ( E ! ( ! � ! .���� !0� ( #�! � � � (�� 4 � � � ! �+*�j � ( � ���3� ! ( � � m�8uE�E"C
:&J&E�E�o,E"�,>�j@8"vBo�n	>~v�<L: � <B|a<Lw&{$st<k{$y�w��0{�>&e&C ��! ( � :�� � ����� ! ( ! � ! . � � � � %&� � �"���� ( %�� !0� ( ��� ��' � %�� � ���"� - � � �&( � � 8;:�C9< �	� ��� � %���� � ��' � %�� � � ���! (�� 4 � � � ! �+*[% � ( � ���3� ! ( � � �@8;:�C��3J 7 � ��� � � � ! � � ��! ( o�n	>pm?E@m
E�E�o,E"�,>�j �,� � ' � � � � ! ( � 8;:�C �	� ��� � %���� � �@8;:�C��3J 7

:
g ��! � ���������&( � � �+* ��� ( %�� !0� ( � ��� � � ��% � !������ � � m�w ��� % ��� � ��� ( %�� !0� (

y�8;:K<B|98 ! C�CVJ � 8;:�CVz�|98 ! C	� �	� �@8�8?�@8;:�C �37 CdmP�+�@8;:
Cdm �  �C!�� � ! ( ! � ! . � �[����! (�- o,E"�,>&e�Gfg
x,j�� ��� � � ��% � �	� %�% � ����! ' � '�� � � � |98 ! C ����! (�-
w&{$s�8 ! CM� � � ��� � � ��! � � � � � ��� �3� ( % � � ( :�� ( � y�8;:K<B|98 ! C�C ��� ��� ��� 8 ! C�� ��� � ��� m
> � ����� ��� *S| !���� ��� ! %�� � * ! ( %2� � � ��! (�- � ( � w&{$s !���� ��� ! %�� � * � � %2� � � ��! (�- m
{$y�w��0{�>&e !���� � � !0� ( � ��� �"�3�,� � � � � � ��� � %�� � � � � � � � � � � (�� � �3*�{$y�w��3E�e�G�w
� ��� � � � ��� % !,��! % � � � !0� ( ����� �Mo,E"�,>&e�Gfg
x,j��pm
w ��� E$O ��! ��� o�n	>am?E�� ��� � � '�� � � ��� � � � � � � 8;:�CM� ( � �@8;:�C�� ( � � � # � ! ��� �&( � �
D � <k�2I0J$o�n	>t8;:�C9< # ��� � � � J � 8;:�C !�� � � %&� � �"��� ( � ��J��@8;:�C�m
 
The function ��� � � ! ( ���� � � ! ( ���� � � ! ( ���� � � ! ( �  is described by its help text: 
 ���������	� ��� � � ! ( �
E�E�o,E"�,>�n�E ! ( ! � ! . � ��o � ( %�� !0� ( ��� e � ' � �3� � �
�"� ! ��� ��� � mM8uE�E"C
Dc: � <Lw � ����j ��� � I0J&E�E�o,E"�,>�n98"vBo�n	>~v�<L: � <k{ � � !0� ( � <Hy 6 <Hy� @<	m�m�mfC
��� ! � � � �[��! ( � ��' � %�� � ��:�� � ��� !�� � � � %&� � � ! ( ! � ! . � � ��� o�n	>t8;:�C � �	�"�,� ! (�- � � � �
� ��� ! ( ! � ! � �M- � � ��� : � < � � ����! (�- � � � !0� ( � ��� �"�3�,� � � � � � y 6 <Hy� @<	m�m�m � � o�n	>am
vBo�n	>~v !�� � ����( �,� � ��� � ��� ��� ( %�� !0� ( E$O ��! ��� � � ��� � '�� � � ��� � � o�n	>t8;:K<	m�m�mfCdm
{ � � !0� ( �[!�� � ( � � � !0� ( � � � ��� � %�� � � � � � ��� � � ��! (�� � � ��- � � ! � � ��� �&� �,' !0� �
m
� � { � � !0� ( �[!�� � � � �+*=< � � � � � � ��{ � � !0� ( � �"� � ��� � � m
{ � � !0� ( � J&E�E�o,E"�,>�n98"v;>��,� � v�<��
� � � � <	m�m�mfC � � ��'�� � � � �[! ( { � � !0� ( ��� ��� � %�� � � � ��� � � �� ( � ��� >��,� � ���
� � � ��� � ! � � �
>��,� � �
� � � � � ¡f� � � � � � ��¢�} � � %2� ! � � !0� (
v^} !�� ��� �3*�v D�v � ( v ¡ v ����� vP¢�I } !�� ��� �3*£��� � �3��� !0� ( � ( ��� ������� !0� (
v�:$x ��� w � � v ¡ 63� O�Qd¢ x ��� ��� ! ' � G���� � ��w � ��� �+� ( % � ! ( :
vBo�x ��� w � � v ¡ 63� O�Qd¢ x ��� ��� ! ' � G���� � ��w � ��� �+� ( % � ! ( o�n	>t8;:�C
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vL���3� �2! �&( �@v ¡ v ��! ( ! � � vP¢ o ! ( ! � � } !,��� � � �&( % � �
�3� �2! �&( �
vL���3� �2! �&( �@v vL��>0g$E�Gav g ( � � *$� ! %����3� �2! �&( � ! ( ��>0g$E�G9m?E
v^� � ����! � ( v ¡ v ��� ( vP¢ ¤uo�n	>t8;: � Ct¤u��� � �&( � ! �+*�� ( ! � ! � � � � ����! � (
v^� � ����! � ( v v � * � v � � �&( � ! �+*£� ( ! � ! � � � � ����! � (
v^� � ����! � ( v � 7 E&����� !01 � 7 !�� � ( ! � ! � � � � ����! � (
vkE&� 1 ��� � �9v ¡ 6+7�7 ¢ E&� 12! � � � ( � ��� � � ����! � � �3��� !0� ( �

{ � � !0� ( � J&E�E�o,E"�,>�n98?{ � � !0� ( � <&v;>��,� � v�<&v¥�
� � � � v�<	m�m�mfC � � � ��� � � � ��� { � � !0� ( ��� ��� � %�� � � �#�! � ��(�� # � �"�3�,� � � � �¦'�� � � � � m

: � J ��! ( � � � ��� � ��12! ����� !0� (
w � ����j ��� � JS� � ��� ! ( ��� !0� ( % ��� � �6 J ( � ����� � � � � � � ( <§ MJ�% � � (�-�� ! ( :�� ���[� ��� ���5 J � ! (�� � � �"�0% � � � ! � � � � <�Q�JS� ��� ��� ( * ! � � �3��� !0� ( �
 
The function ��� ���,� � ' ���� ���,� � ' ���� ���,� � ' ���� ���,� � ' �  is described by its help text: 
 ���������	� ��� ���,� � ' �
E�E�o	e3{$sf�dG�e � � ' � ��e � � ��� > � (�� ! (�� �"�MG34 � ��� !0� ( � m�8uE�E"C
Dc: � <Lw � ����j ��� � I0J&E�E�o	e3{$sf�dG�8"vBo�n	>~v�<L: � <k{ � � !0� ( � <Hy 6 <Hy� @<	m�m�mPC��! ( ��� ��. � � ����� � ��� ' � %�� � � ��� ( %�� !0� ( o�n	>t8;:K<Hy 6 <Hy� @<	m�m	mfC � �	�"�,� ! (�- � � � �
� ��� ! ( ! � ! � �M- � � ��� : � < � � ����! (�- � � � !0� ( � ��� �"�3�,� � � � � � y 6 <Hy� @<	m�m�m � � o�n	>am
vBo�n	>~v !�� � ����( �,� � ��� � ��� ��� ( %�� !0� ( E$O ��! ��� � � ��� � '�� � � ��� � � o�n	>t8;:K<	m�m�mfCdm
{ � � !0� ( �[!�� � ( � � � !0� ( � � � ��� � %�� � � � � � ��� � � ��! (�� � � ��- � � ! � � ��� �&� �,' !0� �
m
� � { � � !0� ( �[!�� � � � �+*=< ! m � m�<�DHI9< � � � � � � ��{ � � !0� ( � �"� � ��� � � m
{ � � !0� ( � J&E�E�o	e3{$sf�dG�8"v;>��,� � v�<��
� � � � <	m�m�mfC � � � � '�� � � � �[! ( { � � !0� ( ��� ��� � %�� � � �
��� � � ��� ( � ��� >��,� � ���
� � � ��� � ! � � �
>��,� � �
� � � � ��¡f� � � � � � ��¢ } � � %2� ! � � !0� (
v^} !�� ��� �3*�v D�v � ( v ¡ v ����� vP¢�I } !�� ��� �3* ! � � �3��� !0� ( ! ( ��� ������� !0� (
v�����% � � ! � ( v ¡ v^�"� � * � �&( vP¢ A"� � * � �&( v � ����% � � ! � ( � ��� � ��12! ����� !0� (
v�����% � � ! � ( v v ��! ( ! � � v o ! ( ! � � } !,��� � � �&( % � ����% � � ! � (
v�����% � � ! � ( v v��&>0g$E�Gav g ( � � *$� ! %�����% � � ! � ( ! ( �&>0g$E�G9m?E
vBo � ( w � � v ¡ 63� O3U$¢ >�{�x�Ep8�o�n	>t8;:�C9< 6 C � � � �	� ! (�- � � ��� �3� ( % �
vkE&� 1 ��� � �9v ¡ 6+7�7 ¢ E&� 12! � � � ( � ��� � � ���[! � � �3��� !0� ( �
vkE&� 1 e�� �&� v '�� � � � E&� 12! � � � � � �&� ��! . � ! ( :�� ��� ��# � �
v?e�%&� ��� v D�v � ( v ¡ v ����� vP¢�I e�%&� ��� � ��- � � ! � � � ���&! (�- : �

{ � � !0� ( � J&E�E�o	e3{$sf�dG�8?{ � � !0� ( � <&v;>��,� � v�<&v¥�
� � � � v�<	m�m�mfC � � � ��� � � � ��� { � � !0� ( ��� ��� � %�� � � �#�! � ��(�� # � �"�3�,� � � � �¦'�� � � � � m

: � J ��! ( � � � ��� � ��12! ����� !0� (
w � ����j ��� � JS� � ��� ! ( ��� !0� ( % ��� � �6 J ( � ����� � � � � � � ( <§ MJS� #&��� � �&� � � ����� ��� ���5 J � ! (�� � � �"�0% � � � ! � � � � <�Q�JS� ��� ��� ( * ! � � �3��� !0� ( �

)�J ��! ' � � � �&� � � ��� � ! - <§TMJ � � � %&/������ ! ( ! � ! . � �
 
The function E�E�s+j$Gf��gdsE�E�s+j$Gf��gdsE�E�s+j$Gf��gdsE�E�s+j$Gf��gdsd8 1 <kjl<Ho�n	>�C  evaluates the linear combination of functions defined by the 

string o�n	>  at the values in 
1
. That is, E�E�s+j$Gf��gds  returns the *  where *�J�j@8 6 C	��o�n	> 6 8 1 CVz

j@8H �C	��o�n	>� t8 1 C¨m�m�m©z�j@8 ( C	��o�n	> ( 8 1 C . o�n	>  is an M-file returning a matrix having ���&(�- � � 8 1 C  rows and (  columns, where (  is the number of functions, with the 
!
th column of the output being o�n	> ! 8 1 C . 

The function E�E�s+j$o���wE�E�s+j$o���wE�E�s+j$o���wE�E�s+j$o���wl8 1 <�*=<Ho�n	>�C  fits the data vector pairs x and y to the functions defined by the 
string o�n	> . That is, E�E�s+j2o���w  returns the row vector %  where *�J�j@8 6 C	��o�n	> 6 8 1 CVz�j@8H �C	��o�n	>� t8 1 C¨m�m�m
z�j@8 ( C	��o�n	> ( 8 1 C  is minimized in the least squares sense. o�n	>  is an M-file returning a matrix having ���&(�- � � 8 1 C  rows and (  columns, where (  is the number of functions, with the 

!
th column of the output 
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being o�n	> ! 8 1 C . 1  is passed to each function o�n	> ! 8 1 C  as a column vector. A column vector result is 
expected. 

The function y+J�E�E�>�s�o���wE�E�>�s�o���wE�E�>�s�o���wE�E�>�s�o���w~8;:K<LqK<Ho�n	>@<Hy 7 <k{$y�w��0{�>&e&C  fits the data in :  and q  in a least squares sense to 
the function described in o�n	> . E�E�>�s�o���w  solves: � ! ( ¤�¤cq�ª�o�n	>t8;:K<Hy�Ct¤�¤ �  , where :  is a vector of the 
independent variable. o�n�>t8;:K<Hy�C  must return an array the same size as q . y  is a vector of parameters to 
be determined and y 7  is the initial guess. E�E�>�s�o���w  calls the standard MATLAB  function o,E"�,>&e�Gfg
x,j��  to 
perform the minimization. {$y�w��0{�>&e  is an optional structure as used by o,E"��>&e�Gfg
x,j�� . 

The function E�E�e�>�Gf��gdsE�E�e�>�Gf��gdsE�E�e�>�Gf��gdsE�E�e�>�Gf��gdsd8 1 <�gi<BAa<?>�C  evaluates a fitted nonlinear function from E�E�e�>�o���w  at the points 
in 
1
, given the coefficients g  and A . >  identifies the function to be evaluated. 

The function ��� � ( ��! ���� � ( ��! ���� � ( ��! ���� � ( ��! �  is described by its help text: 
 ���������	� ��� � ( ��! �
E�E�e�>�o���w�e ! � ����� > � (�� ! (�� �"�¦j � ��' � o ! ���3*�w9�3� ( �	��� ������� !�� ( m�8uE�E"C
Dhgi<BA�I0J&E�E�e�>�o���w~8 1 <�*=<?>�C ��� � ��� ��� � ��� � � � � 4 � �"� � � % � ��' � ��! ��� ! (�- �3*� ! (�� �"� ! . ! (�- � ��� � ���	�a< ��! ��� ! (�- ! ��� � � � ���3� ! -&� � � ! (�� <
� ���&( ! ( ' � �,� ! (�- � ���[� ! (�� �"� ! .���� !0� ( m«g£� ( � A��"� � � ��� � � ��! � � �
% � ��' � ��! �M% � � ����! % ! �&( � � m
> !0� �&( � !,��! � � � ��� ��� ( %�� !0� ( � � � � ��! �t�
>¬¤ ��� ( %�� !0� ( >¬¤ ��� ( %�� !0� ( >¬¤ ��� ( %�� !0� (
O�O�z
O�O�O�O�O�O�O�O�O�O�O O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O O�O�O�O�O�O�O�O�O�O�O�O�O	O�O7 ¤�*�J�gd� 1 z�A 5 ¤�*�J 6 �98�gd� 1 z�A�C T¬¤�*�J�gd� 1�� A6 ¤�*�J�8�g
� 1 C0z�A Q­¤�*�J 6 �98�gd� 1 z�A�C �  U¬¤�*�J�gd� � � - 8 1 C0z�A
 ¬¤�*�J�g
�98 1 z�A�C )�¤�*�J 1 �98�gd� 1 z�A�C ®¯¤�*�J�gd� � 1 � 8PA&� 1 C° ¤�*�J�gd� 1 � � 1 � 8PA&� 1 C
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Chapter 23 Integratio n and Differentiation  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� � � � ! ' Derivative using weighted central differences. 
��� - � ����� Numerically evaluate cumulative integral. 
��� ! ( � - � � Cumulative integral using Simpson's rule. 
����4 � � � Numerically evaluate integral. 
����' � � � � � Cumulative volume integral using trapezoidal rule. 

 
The function E�E&}&G�x��P�E�E&}&G�x��P�E�E&}&G�x��P�E�E&}&G�x��P�K8;:=<Lq�C  computes the derivative of the function y=f(x) given the data in :  and q . 

The length of :  must equal the length of q , but :  need not be equally spaced. Weighted central 
differences is used, which is based on an incremental quadratic polynomial fit. 

The function ��J�E�E��,g
n�e�eE�E��,g
n�e�eE�E��,g
n�e�eE�E��,g
n�e�ed8�o�n	>@<L: � ! � � <?>�C  approximates the integral of o�n	>p8;:�C  using an >  point 
Gauss quadrature rule, which is exact for a polynomial up to degree 2*> -1. The integration limits are 
given by : � ! � � J=Dus ��# � ��s ! � ! �p<±n ����� ��s ! � ! �&I . 

The function E�E"�,>3w&��x&sE�E"�,>3w&��x&sE�E"�,>3w&��x&sE�E"�,>3w&��x&sd8k:K<Lq�C  computes the integral of the function y=f(x) given the data in :  and q . 
The length of :  must equal the length of q . :  need not be equally spaced. Simpson's rule is used, which 
is based on incremental quadratic polynomial fit. This method is generally much more accurate than the 
trapezoidal rule used in j"n�E,w$x�gdy,r . 

The function ��J�E�E���n�g
}E�E���n�g
}E�E���n�g
}E�E���n�g
}t8fo�n	>@<L: � ! � � <Lw&{$s�C  approximates the integral of o�n	>p8;:�C  given integration 
limits : � ! � � J=DBs ��# � ��s ! � ! �p<±n ����� ��s ! � ! �&I  and relative and absolute error tolerances w&{$s+J=D?x ��� w � �
g
� � w � � I . o�n	>  can be a character string expression, an inline function, or an M-file function. o�n	>  is not 
evaluated at either limit. 

The function ��J�E�E+��{$s�n�E�GE�E+��{$s�n�E�GE�E+��{$s�n�E�GE�E+��{$s�n�E�Gd8;:K<LqK<^r"C  computes the cummulative integral of the function z=f(x,y) as 
tabulated in : , q , and r . :  and q  are plaid matrices created by E�G	e	�,��x���} . �=8 ! <B��C  is the volume under r  
from 

1 8 6 C  to 
1 8P��C  and *~8 6 C  to *F8 ! C . �=8 �&( � C  is the total volume under f(x,y). 
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Chapter 24 Differential Equations  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� � ��! � Linear system simulation using ��� ��� � ��� . 
��� � ��! �+� Helper function for ��� � ��! � . 
��� ��� � Q") ODE solution using 4-5 order ��� ��� � ��� . 
��� ��� � Q") � Plotted ODE solution using 4-5 order ��� ��� � ��� . 
��� ��� � % � ! ODE cubic Hermite interpolation. 
��� ��� � ! ( ! Initialize ODE parameters for ��� ��� � ��� . 
��� ��� � ��� Single step ODE solution, 4-5 order. 

 
The functions associated with this chapter are associated with the ODE solution function ��� ��� � ��� . 

��� ��� � ������ ��� � ������ ��� � ������ ��� � ���  is an alternative to the ODE functions in the MATLAB  ODE suite. Usage of this function is 
described by its help text: 

 ���������	� ��� ��� � ���
E�E�{�}&G	e�e�e ! (�-���� e�� �&� {�}&G�e � � � � !0� ( <�Q�O,)�� � {�� � � �
m�8uE�E"C
DcwK<LqK<Lq
yt<ue0w�g&w2e&I0J&E�E�{�}&G	e�ed8"vc* � � ! � � v�<u�p<�*=<�* � C ! ( � ��- �3��� � � � ���� * � � � � ������! � � � � � � � � �2!,��� � � �&( � ! � �M� 4 � ��� !0� ( � % � � � � � � ��! ( � ���
E$O ��! ��� * � � ! � � 8f�p<�*
C � � � �S� ��� � ! � ��� �2! ( ��� # ��� � � *�J�*F8f�&C
� ( � * � J�* � � ! � � 8f�p<�*
Cdm²* � � ! � � 8f�p<�*
CV� ��� ��� � � � � ( ��% � � � � ( ' � %�� � �
m

DcwK<LqK<Lq
yt<ue0w�g&w2e&IM�"� � � ��� � � �	� � � � ����� ��� ! ( � ��- �3��� � �³% � ��� �&( � ! � � w � �p<# ��� � � q&J�q~8;w�C9<�q
y+J	* � � ! � � 8;wK<Lq�C9<±� ( � e0w�g&w2e !�� ��' � %�� � � ����� �	��� !�� � ! % � �
e0w�g&w2e3J=DH�	G�x�x�ofg9�	s�{�x�}&G�x�I # ��� � � �	G�x�x !0� �&( � !,��! � � � ��� '��"� ! ��� ��� q~8��	G�x�x�C# � ! % � ��� � ! ( ��� � � � ����� ��� � � ! ( � ��� � � �&� < ofg9�	s !�� � ����( � ��� � � ����� � ! ��� ��� � �&� ��&( % ��� ( � � � � ��! ( � � !��[! ( � ��- �3��� !0� ( � � �&� � ( � {�x�}&G�x !�� � ��� � � � � ���� � ��� ��%�% �&� � � ���,� � � � !0� ( m©{�� � � � !��  @< 5 < � ��)pm
w !���� %&� � �"��<�q�� ( � q
y��"� � x,{,��' � %�� � � � m

� ( � ��- �3��� !0� (�� �"�3�,� � � � � � � ��� ��� � ! ( ! � ! � � ! . � � �3*[E�E�{�}�G��,>��dm
w�* � ! %&� � ��� � -�� �

��� ��� � ! ( !V� � � � � � �
�3J 7~� ´ ! ( ! � ! � � � ! � �
*�J=DL* 69� *� � m�m�mfI �µ´ ! ( ! � ! � � % � ( �2! � !0� ( % � � � � ( ' � %�� � �
* � J � � '�� � 8"vc* � � ! � � v�<u�p<�*
C �µ´ ! ( ! � ! � � � � � ! '���� ! ' � �# � ! ��� � � � �

DB�p<�*=<�* � I0J���� ��� � ��� 8"vc* � � ! � � v�<u�p<�*=<L* � C �´£� � � % � ����� ���	��&( �
 
The function ��� ��� � ! ( !��� ��� � ! ( !��� ��� � ! ( !��� ��� � ! ( !  is used to initialize ��� ��� � ���  as well as set and get algorithm parameters as 

described by its help text: 
 ���������	� ��� ��� � ! ( !
E�E�{�}&G��,>���� ( ! � ! � � ! . � {�}&G�y��"�3�,� � � � � ����� �VE�E�{�}&G	e�etm
E�E�{�}&G��,>��
8H>��,� � <��
� � � � <�m�m�mfC � � � � {�}&G � �"�3�,� � � � � ��� � � %2� ! � � � �3*
>��,� � ���
� � � ��� � ! � � m«g�'�� ! � ��� ����� � ! � � � ( ��� � � � � � ��'�� � � � � �"� �

>��,� � �
� � � � s ! � ! � � } � � %2� ! � � !0� (
v^x ��� w � � v 63� O 5 �37 x ��� ��� ! ' � G���� � � w � ��� �3� ( % �
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v¥g
� � w � � v 63� O3T �37 g
� �,� � � � � G���� � � w � ��� �3� ( % �
vkE ! ( e�� �&� v 63� O 6+7 ��63� O 6  E ! ( ! � � �Se�� �&� ��! . �
vkE&� 1 e�� �&� v 6 � J��,� ! ( E&� 12! � � �Se�� �&� �&! . �
v;> � 1 ��e�� �&� v DHI � J��,� ! ( > � 1 �¨8 � ��� ( ! � ! � � C�e�� �&� ��! . �
v?e	� � � �+*2o���%�� � �9v 7 m ° 8 7 mBU�)a<	m ° )�C e�� �&� ��! . � e	� � � �+*�o���%�� � �
vL��� ��# � � s ! � ! �@v ) 8H @<? 7 C e�� �&� ��! . � ��� ��# � � s ! � ! ��x���� !0�
v?e � � ! ( /&s ! � ! �@v 7 m 6 8&m 7 )a<	mu)�C e�� �&� ��! . � e � � ! ( /�s ! � ! ��x���� !0�
vBo�� ��� A���%&/Fv v � ( v 8"v � ( v�<&v ����� vuC�G ( ��� ��� o�� ��� A���%&/ � ( e�� �&� o�� ! � � � �

j � � (�-�� � �"� � % � ��� � � ��� ! ' � � � � � � (�� %&� ��� � � � ����(�� 1 �9m
{ (�� *�� ��� ��! � � ��� #&� % � �"�3��%�� � � ����� � ��% � >��,� � !�� � � 4 ��! � � � m
E�E�{�}&G��,>�� � � � � � � � � � � � ��� � ' ��� �"�3�,� � � � � � � � � ��� ! � � � � � � � � � � ��� ! (�- � m
E�E�{�}&G��,>��
8H>��,� � C�� � � � � ( � � ��� '�� � � � ��� � ����� �"�3�,� � � � � - ! ' �&( �3*�>��,� � m
E�E�{�}&G��,>�� #�! � ��( ��! (�� � ���"� - � � �&( � ���2!�� ��� �3* � � ����� �"�+�,� � � � �¦'�� � � � � m
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Chapter 25 Two -Dimensional Graphics  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
�����"��� ��# Plot movable arrows. 
��� ��! ��� Plot of area between two curves. 
��� ��� � ��% 2D plot with ASCII markers. 
��� ��� � � ! Incremental 2D line plotting. 
��� ��� � � 1�1 Plot data with top and bottom X axes. 
��� ��� � �+*�* Plot two data arrays on a common X axis. 
��� ��� � ��. Plot with axes drawn through zero. 
��� � � � �"� Linear or logarithmic pole coordinate plot. 
��� � � � � � Probe data on 2D axis using mouse. 
����. ��� � Picture in a picture zoom. 

 
The function E�E+g
x�x,{,�E�E+g
x�x,{,�E�E+g
x�x,{,�E�E+g
x�x,{,�K8;:=<LqK<&v;>��,� � v�<&v¥�
� � � � v�<	m�m�mfC  plots arrows on the current 2D plot where : , q  

are vectors of x- and y-axis arrow tip coordinates respectively, and other arrow properties are set by the 
property name-value pairs described in the function's help text. E�E0g
x�x,{,�  with no arguments places one 
default arrow in the center of the current plot and enables dragging and reshaping. E�E+g
x�x,{,�  � ( 8 ����� C  
enables (disables) dragging and reshaping of an arrow with the mouse. Normal mouse selection drags 
the arrow;  Right mouse button selection moves the arrow tail to the mouse position but leaves the 
arrow tip fixed. Clicking on an open area of the figure window outside the plot also disables dragging 
and reshaping. 

The function E�E�y�s+{�w��E�E�y�s+{�w��E�E�y�s+{�w��E�E�y�s+{�w���8��dC  initializes a 2D plot for future plotting by using the axis limits given in 
��J=Dc:&� ! ( :&��� 1 q&� ! ( q&��� 1 I . E�E�y�s+{�w��
8 1 <Lq�C  plots q  versus 

1
, appending data to any prior calls. 

1
 is a 

vector and q  is a vector or column oriented data matrix having as many rows as ���&(�- � � 8 1 C . E�E�y�s+{�w��  ��� (��   refreshes the final plot, turns � � � �  off and auto scales the axis. 
The function E�E�y�s+{�w�:�:E�E�y�s+{�w�:�:E�E�y�s+{�w�:�:E�E�y�s+{�w�:�:l8k: 6 <L:" @<LqK<ue&C  plots q  versus : 6  and :" . e  is an optional color and line/marker 

styles for the plotted lines. : 6  appears across the bottom of the plot and :"  appears across the top. : 6  
and :"  must be vectors of the same length, but q  may be a matrix. Two axes objects are created. 
w���w
s�G�8"v?e���� ! (�- vuC should be avoided as it will overwrite the top x-axis tick marks and label.  
E�E�y�s+{�w�:�:~8"v�w � � s���� ��� e���� ! (�- vuC  places/changes the x-axis label for :" . 

The function E�E�y�s+{�w�q�qE�E�y�s+{�w�q�qE�E�y�s+{�w�q�qE�E�y�s+{�w�q�ql8k:K<LqK<ue 6 <Lq � ! �l<Bxa<ue� @<Bx � ! �2C  plots q  vs. :  with q  labeled on the left hand 
side, and plots x  vs. :  with x  labeled on the right hand side. :  must be a vector, whereas q  and x  can be 
matrices. q � ! ��JNDcq&� ! ( q&��� 1 I  and x � ! ��JND?x,� ! ( x,��� 1 I  are optional row vectors specifying q  and x  
axis limits.  e 6  and e�  are optional color and line/marker style for q  and x  data. 
E�E�y�s+{�w�q�q~8"v^x&s���� ��� � ��� ! (�- vuC  places/changes a right side axis label. Only a single axes object is 
created. 

The function E�E�y�s+{�w�rE�E�y�s+{�w�rE�E�y�s+{�w�rE�E�y�s+{�w�ra8;:=<Lq�C  plots vector :  versus vector q  with axes drawn through the origin. If :  
or q  is a matrix, then the vector is plotted versus the rows or columns of the matrix, whichever line up. 

The function E�E�y+{$sfg
xE�E�y+{$sfg
xE�E�y+{$sfg
xE�E�y+{$sfg
xt8;w"�&G�w�gi<Bx��,{l<ue 6 <ue� @<	m�m�mfC  generates a polar coordinate plot using the angle 
vector w$�&G�w�g  in radians and radius array x��,{  and optional linestyle specifications e 6 , e� , etc. w$�&G�w�g  
must be a vector, but x��,{  can be either a vector the same size as w$�&G�w�g  or a matrix having ���&(�- � � 8;w$�&G�w�g9C  rows. E�E$y+{$sfg
x98;w$�&G�w�gi<Bx��,{l<&v � � - v�<ue 6 <ue� @<	m�m�mPC  generates a polar plot with a log10 
x��,{  axis. E�E�y+{$sfg
x � ( ¡P����� ¢  enables {disables} feedback of mouse position over the current plot with 
the mouse button down. E�E�y+{$sfg
x98"v;>��,� � v�<&v¥�
� � � � v�<	m�m�mfC  sets polar property values according to the 
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property name-property value pairs available in the help text of the function. 
The function ��� � � � � ���� � � � � ���� � � � � ���� � � � � �  is a general GUI for analyzing 2D line plots. This function places two vertical 

and two horizontal markers on the current axes to be dragged as desired using the mouse. The mantissa 
of the axis coordinate is displayed next to each marker line. The text area below the x-axis displays 
information about the box formed by the marker lines. Holding the Control  key down as you drag 
moves both horizontal or vertical lines in unison. Pressing various keyboard keys invoke actions as 
described in the help text for ��� � � � � � . To interpolate plotted data, click and drag on a plotted line. 
Holding the Control  key down as you drag shows a tangent line as well. The text area below the x-axis 
displays information about the plotted data. Pressing various keyboard keys invoke actions as described 
in the help text. 

The function E�E�r�{�{&EE�E�r�{�{&EE�E�r�{�{&EE�E�r�{�{&E  creates a new axes containing the data inside a box formed by a click and drag 
with the mouse in the current axes. The new zoomed axes is placed in the upper left of the current axes, 
but can be moved with the mouse. Clicking in the figure border or issuing E&E�r�{�{&E�x&G	e�G�w  disables 
dragging. E�E�r�{�{&E�}�x�g��  reenables dragging. E�E�r�{�{&E[e	n�A&y�s+{�w  creates the zoomed axes as a subplot 
below the original axes. The original axes must not itself be a subplot. 
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Chapter 26 Three -Dimensional Graphics  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� � � ��� Create hole in 3D graphics data. 
��� ! ( 1 * Minima of 3D data along X and Y axes. 
��� � � � � ��5 Probe data on 3D axes using mouse. 
��� 1 ���3��%�� Extract subset of 3D graphics data. 
����. ��� � 5 3D zoom using a rubberband box. 

 
The function r�J�E�E&�,{$s�GE�E&�,{$s�GE�E&�,{$s�GE�E&�,{$s�Gd8k:K<LqK<^rF<L: � ! �l<Lq � ! �2C  sets the data in r  to >��	>  corresponding to the limits in 

: � ! ��J=Dc:&� ! ( :&��� 1 I  and q � ! ��J=Dcq&� ! ( q&��� 1 I . If : � ! �  or q � ! �  are empty they are assumed to be DPO ! ( �! ( � I . :  and q  can be plaid matrices, e.g., created by E�G	e	�,��x���}  or they can be vectors defining the x- 
and y-axes. 

The function Dc: 1 <Lq 1 <^r 1 <L:�*=<Lq�*=<^r�*
I0J�E�E"�,>3:�qE�E"�,>3:�qE�E"�,>3:�qE�E"�,>3:�ql8;:K<cqK<^r"C  finds minima in the r  matrix along the axis 
directions in :  and q . :  and q  can be plaid matrices, e.g., created by E�G	e	�,��x"��}  or they can be vectors 
defining the x- and y-axes. 

The function E�E�y�x,{�A&G 5E�E�y�x,{�A&G 5E�E�y�x,{�A&G 5E�E�y�x,{�A&G 5  duplicates the current figure containing a 3D surface and creates three other 
subplots containing: a contour plot of the surface, a 2D line plot of r  vs :  at a specific q  value, and a 
2D line plot of r  vs q  at a specific :  value. The two line plots can be changed by dragging the 
corresponding marker line in the contour plot, or by entering the desired :  or q  values into the edit 
boxes provided. Pressing various keyboard keys with the mouse over the plot invoke actions described 
in the help text to the function. 

The function Dc: 1 <Lq 1 <^r 1 I0J�E�E,:�w$x�g�j�wE�E,:�w$x�g�j�wE�E,:�w$x�g�j�wE�E,:�w$x�g�j�wl8;:K<LqK<^rF<L: � ! �l<Lq � ! �2C  extracts a data subset from the set 
Dc:K<LqK<^r"I  that reside within the limits in : � ! ��J=Dc:&� ! ( :&��� 1 I  and q � ! ��J=Dcq&� ! ( q&��� 1 I . If : � ! �  or q � ! �  
are empty they are assumed to be DPO ! ( ��! ( � I . :  and q  can be plaid matrices, e.g., created by 
E�G	e	�,��x���}  or they can be vectors defining the x- and y-axes. 

The function E�E�r�{�{&E 5E�E�r�{�{&E 5E�E�r�{�{&E 5E�E�r�{�{&E 5  changes the view of the current axes to 2-D then the user drags a rubberband 
box to select part of the X-Y plane for zooming. Finally the 3-D plot is redrawn with the new X- and y- 
axis limits and the z-axis remains autoscaled. Works for a single surface plots only. 
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Chapter 27 Using Color and Light  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
����� � Single color colormap. 
����� - � Color specification conversion and substitution. 
����� - �	 - �3�3* Convert colormap to grayscale. 
�3� ! ( � ��# Colormap variant to � � ' . 

 
The function E�E+gdyE�E+gdyE�E+gdyE�E+gdyd8?jl<^E"C  makes a colormap of length E  starting with the basic colorspec j . The map 

changes from dark to light, but does not include black or white. 
The function E�E&x,��AE�E&x,��AE�E&x,��AE�E&x,��At8fe&C  where e  is a single character colorspec or the complete name of a standard 

color, returns its numerical RGB equivalent. 
The function E�E&x,��A	 ���x�g&qE�E&x,��A	 ���x�g&qE�E&x,��A	 ���x�g&qE�E&x,��A	 ���x�g&ql8uE"C  returns a colormap the same size as E  with colors replaced by their 

NTSC brightness components. 
The function x0g9�,>�A,{,�x0g9�,>�A,{,�x0g9�,>�A,{,�x0g9�,>�A,{,�K8uE�C  returns a rainbow colormap with E  entries. 
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Chapter 30 Handle Graphics  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
����� ��1 Get 2D axis vector of a rubberband box. 
��� � �2! � Edit axes text using mouse. 
��� ��! -&� ��� Position figure windows. 
��� ��! � � ��� Fit position with another object. 
��� - %&� Get current axes if it exists. 
��� - % � Get current figure if it exists. 
��� -�� � Get multiple object properties. 
��� -�� � � ��� Get object position in specified units. 
��� -�� � � � Get graphical point with interpolation. 
��� -�� � � � � Get settable object property structure. 
��� -�� � ��! . Get font size in specified units. 
��� -�� � � ( ��� % Get undocumented object properties. 
��� - ! (�� � � Graphical input using mouse. 
��� - � !0� Custom axis grid. 
��� - ��! Double-click activation of GUIs. 
��� ! ( � � %�� True when point is inside position rectangle. 
��� !��  � True for axes that are 2D. 
��� � � ��� � Set default paper properties. 
��� ��� � � � ��� Subplot position vectors. 
��� � � ! ( � � Data array to string matrix conversion. 
��� � � � � ��� Place mouse pointer. 
��� � � � � ��� Set object position relative to another object. 
���"� � 1 � Place and drag text with mouse. 
��� 1 * Show and get x-y coordinates with mouse. 
����.�� � Delete graphics object using mouse. 

 
The function E�E&A,{�:E�E&A,{�:E�E&A,{�:E�E&A,{�:  returns an axis vector D 1 � ! ( 1 ��� 1 *�� ! ( *���� 1 I  of a rubberband box drawn in 

the current axes by the user with the mouse. The returned vector cannot be larger than the current axes 
limits, nor smaller than 1/20 of the limits. 

The function E�E�o��E�E�o��E�E�o��E�E�o��3� � ���� � ���� � ���� � ��� %&� � %&� � �  cascades currently visible figures. ��� ��! -�� ��� � ! ���  tiles currently 
visible figures. ��� ��! -&� ���M����� resets all visible figures to the default position. ��� ��! -&� ������� ���  
changes the current figure to full screen. 

The function E�E�o���w
y+{"eE�E�o���w
y+{"eE�E�o���w
y+{"eE�E�o���w
y+{"e98fyt<B�a<Bn ( ! � � C  Modifies the position vector y  as required to make it fit within 
the position rectangle of the object having handle � .  n ( ! � �  defines the units used and is one of:         
v � !01 ��� � v , v ( � ����� � ! . � � v , v � �2! ( � � v , v ! ( % ��� � v , vk% �&( �@v . 

The function E�E��$G�w
y+{"eE�E��$G�w
y+{"eE�E��$G�w
y+{"eE�E��$G�w
y+{"e98H�a<Bn ( ! � � C  returns the position vector associated with the graphics object 
having handle �  in the units specified by n ( ! � � . n ( ! � �  is one of: v � !01 ��� � v , v ( � ����� � ! . � � v , v � �2! ( � � v , 
v ! ( % ��� � v , vk% �&( �@v . v^n ( ! � � v  equal to v � ���	�Fv  is valid for text objects. 

The function Dc:K<LqK<Lq ��� ��I0J�E�E��$G�wE�E��$G�wE�E��$G�wE�E��$G�wdy�wy�wy�wy�wl8;:�qK<L: � ���	�a<Lq � ���	�a<��9C  uses the point :�q&J=D 1 *
I  to find the 
nearest point on the piecewise linear interpolation of the graphical data vectors : � ���	�  and q � ���	� . �  is 
an optional scalar weight that gives weight �  to the x-axis data and 8 6 OH�9C  weight to the y-axis data. By 
default ��J 6  and only x-axis data is used to find the closest point. :  and q  are the coordinates of the 
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interpolated point. q ��� �  is the slope at the interpolated point based on quadratic interpolation of the 
three : � ���	�  and q � ���	�  points nearest to :�q . 

The function E�E��$G�w2e�G�wE�E��$G�w2e�G�wE�E��$G�w2e�G�wE�E��$G�w2e�G�wl8H��C gets all the properties of the object having handle �  in the form of a 
structure and removes those fields that are read only. 

The function E�E��$G�w2e&�3rE�E��$G�w2e&�3rE�E��$G�w2e&�3rE�E��$G�w2e&�3ra8H�a<Bn ( ! � � C  returns the font size associated with the axes, text, or uicontrol 
object having handle �  in the units specified by n ( ! � � . n ( ! � �  is one of: v � �2! ( � � v , v ( � ����� � ! . � � v , 
v � !01 ��� � v , v ! ( % ��� � v , vk% �&( � ! � � � � � � v . 

The function E�E��$G�w$n	>�},{�jE�E��$G�w$n	>�},{�jE�E��$G�w$n	>�},{�jE�E��$G�w$n	>�},{�j�{�A��"G+j�w or E�E��$G�w$n	>�},{�j@8P��C  displays a list of undocumented property 
names for the handle graphics object having handle �  or indentified by the string {�A��"G+j�w . 

The function Dc:K<Lq�I0J�E�E��2�,>�y�n+wE�E��2�,>�y�n+wE�E��2�,>�y�n+wE�E��2�,>�y�n+wl8H>�C  gets >  points from the current axes at points selected with a 
mouse button press. The >  points are restricted to the piecewise linear interpolation of the plotted line 
data points. Striking ANY key on the keyboard aborts the process. 

The function E�E���x���}E�E���x���}E�E���x���}E�E���x���}t8 1 *�.@<��9C  places grid lines along the axis specified by the string 
1 *�.  at the 

locations given in the numerical vector � . For example, E�E���x���}98"v�*�v�<�DPO 6  �I�C  places grid lines at *&J
O 6  
and *�J� . Standard grid lines and tick locations are not changed. More than one axis or multiple 
commands for one axis can be specified by repeating input arguments. For example, 
E�E���x���}98"v 1 *�. 6 v�<�� 6 <&v 1 *�.� ~v�<��2 @<	m�m�mfC . If ��JKv � ( v  or v ����� v , standard grid lines are added or removed. 
For example, E�E���x���}98"v 1 v�<&v � ( vuC   turns the x-axis grid on. E�E���x���}98"v 1 v�<&v � ( v�<&vc*�v�<�DPO 6  �I�C  turns the 
standard x-axis grid on and places custom grid lines at *�J
O 6  and *�J� . 

The function E�E�y�x��,>3w
oE�E�y�x��,>3w
oE�E�y�x��,>3w
oE�E�y�x��,>3w
od8fo+{�x�E+g&wK<�g9C  formats the numerical array g  using the specified o+{�x�E+g&w  string, 
and returns a string matrix whose 

!
th row is the formatted 

!
th element of g . 

The function E�E�y�n+w
y�w$xE�E�y�n+w
y�w$xE�E�y�n+w
y�w$xE�E�y�n+w
y�w$xt8H��C  sets the mouse pointer location to the center of the object having handle 
� . 

The function E�E�e�G�w
y+{"eE�E�e�G�w
y+{"eE�E�e�G�w
y+{"eE�E�e�G�w
y+{"e98fyt<B�a<Bn ( ! � � <B� � � ! . � ( �	� � <�� � �,� ! %&� � C  modifies the position vector y  as 
required relative to position rectangle of the object having handle � . n ( ! � � , � � � ! . � ( �	� � , and 
� � �,� ! %&� �  are strings specifying the units used and the desired relative location as described by the help 
text for ��� � � � � ��� . 
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Chapter 31 Graphical User Interfaces  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
��� � � 1 � � Set axes specifications using a GUI. 
��� �	��� ( � Set font characteristics using a GUI. 
��� � � ! (�� Set line specifications using a GUI. 
��� � ��� � Set figure colormap using a GUI. 
��� ���	� � � Set surface specifications using a GUI. 
��� � � � 1 � Set text specifications using a GUI. 
��� � � ! %&/ Set axes tick specifications using a GUI. 

 
The functions listed in the table above are self-explanitory GUIs. 
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Chapter 33 M ATLAB  Classes and OOP  

The Mastering MATLAB Toolbox functions associated with this chapter are shown in the table below. 
 

Function Description 
���&% � � ��� Object class existence. 
����� � Rational polynomial object class. 

 
The function E�E�j$sfg�e�eE�E�j$sfg�e�eE�E�j$sfg�e�eE�E�j$sfg�e�e  returns a cell array of strings containing the names of MATLAB  object classes 

available with this license. E�E�j$sfg�e�ed8"vLj � � ��� >��,� � vuC  returns logical True (1) if the class having the 
name vLj � � ��� >��,� � v  exists with this license. Otherwise logical False (0) is returned. 

The function ����� �  is the constructor for a rational polynomial class. The ¶&����� �  subdirectory 
contains many overloaded operators and functions (See the j � ( � �&( � � m;�  file in the Toolbox for a 
listing.) 


