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Preface

The typical user of a simulation package is someone who holds a PhD or an MSc, 
has several years of experience in modeling and simulation, and underwent 
thorough training to use the specific package. He or she typically works as a 
scientist in the R&D department of a big organization or as an academic 
researcher. Because the theory of simulation is complicated and the typical 
simulation package presents many options, it is up to the user to employ his or her 
expertise to validate the model and the simulation.
This means that a small group of simulation experts is serving a much larger group 
of people working in product development, production, or as students studying 
physics effects. Simulation models are oftentimes so complicated that the person 
who implemented the model is the only one who can safely provide input data to 
get useful output. Hence the use of computer modeling and simulation creates a 
bottleneck in product development, production, and education.
In order to make it possible for this small group to service the much larger group, 
the Application Builder offers a solution. It makes it possible for simulation experts 
to create an intuitive and very specific user interface for his or her otherwise 
general simulation model — a ready-to-use application. The general model can 
serve as a starting point for several different applications, with each application 
presenting the user with input and output options relevant only to the specific task 
at hand. The application can include user documentation, checks for “inputs 
within bounds”, and predefined reports at the click of a button.
Creating an application often requires a collaborative effort by experts within the 
areas of physics, numerical analysis, programming, user-interface design, and 
graphic design.
To a reasonable extent, COMSOL’s Technical Support team can recommend 
physics and numerical analysis settings for your application. In addition, the 
COMSOL documentation and online resources can be of great help. For 
programming and design, the Technical Support team can provide very limited 
help. These are areas where your own development efforts are critical.
The Application Builder makes it easy for a team to create well-crafted applications 
that avoid accidental user input errors while keeping the focus on relevant output 
details.
We at COMSOL are convinced that this is the way to spread the successful use of 
simulation in the world and we are fully committed to helping make this possible.
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Introduction

A COMSOL® application is an intuitive and efficient way of interacting with a 
COMSOL Multiphysics® model through a highly specialized user interface. This 
book gives a quick overview of the Application Builder desktop environment with 
examples that show you how to use the Form Editor, Main Window Editor, and 
the Method Editor. Reference materials are also included in this book, featuring a 
list of the built-in methods and functions that are available. For detailed 
information on how to use the Model Builder, see the book Introduction to 
COMSOL Multiphysics.

If you want to check out an example application before reading this book, 
open and explore one of the applications from the Application Libraries in 
one of the Applications folders. Keep it open while reading this book to 
try things out. Only the Applications folders contain applications with user 
interfaces. The other folders in the Application Libraries are tutorial 
models with no user interfaces.

The Application Builder is included in the Windows® version of COMSOL 
Multiphysics and is accessible from the COMSOL Desktop® environment. 
COMSOL Multiphysics and its add-on products are used to develop applications. 
A license for these add-ons is required to run the applications from the COMSOL 
Multiphysics or COMSOL Server™ products.
Additional resources, including video tutorials, are available online at 
www.comsol.com/videos.

RUNNING APPLICATIONS WITH COMSOL MULTIPHYSICS

With a COMSOL Multiphysics license, applications can be run from the 
COMSOL Desktop in Windows®, macOS, and Linux®.

RUNNING COMPILED APPLICATIONS

By using COMSOL Compiler™ you can compile your application to an 
executable file for Windows®, Linux®, and macOS. You can freely distribute the 
executable and it can be run without any license file.

RUNNING APPLICATIONS WITH COMSOL SERVER

With a COMSOL Server license, a web implementation of an application can be 
run in major web browsers on platforms such as Windows®, macOS, iOS, Linux®, 
and Android™. In Windows®, you can also run COMSOL applications by 
connecting to a COMSOL Server with an easy-to-install COMSOL Client, 
available for download from www.comsol.com/client-download. COMSOL Server 
10 | 
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does not include the Application Builder, Physics Builder, or Model Builder tools 
that come with the COMSOL Desktop environment. Any application created 
with the Application Builder will automatically work with a web browser or any 
client.

GUIDELINES FOR BUILDING APPLICATIONS

If you are not experienced in building a graphical user interface or programming, 
you may want to read “Appendix F — Guidelines for Building Applications” on 
page 390.

ADDITIONAL DOCUMENTATION

Additional documentation with information relevant to building applications can 
be found in the books: Application Programming Guide, Application Builder 
Reference Manual, and Programming Reference Manual.
 | 11
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The Application Builder Desktop Environment

The screenshot above is representative of what you will see when you are working 
with the Application Builder. The main components of the Application Builder 
desktop environment are:
• Application Builder window and ribbon tab
• COMSOL Desktop environment
• Form Editor (see page 58)
• Main Window Editor (see page 142)
• Method Editor (see page 191)

ODEL BUILDER, APPLICATION BUILDER, and MODEL
ANAGER—Switch between the Model Builder, the Appli-
tion Builder, and the Model Manager.

COMSOL DESKTOP ENVIRONMENT —
The COMSOL Desktop environment provides access to the
plication Builder, including the Form, Main Window, and Me
Editors, as well as the Model Builder and the Model Manager

APPLICATION BUILDER WINDOW —
The Application Builder window with the
application tree.

SETTINGS and EDITOR TOOLS WINDOWS — Click any application
tree node or form object to see its associated Settings window.
The Editor Tools window is used to quickly create form objects.
12 | 



The Application Builder desktop environment is also sometimes referred to as the 
Application Builder workspace.

THE APPLICATION TREE

The application tree consists of the 
following nodes:
• Inputs

• Themes

• Main Window

• Forms

• Events

• Declarations

• Methods

• Libraries

The Inputs node contains subnodes that 
are of the type Application Argument. These 
can be used for input arguments to the 
application when starting it from the 
command line of the operating system.
The Themes node has a Settings window 
with choices for the desktop color themes, 
as well as font, text color, and other 
settings that will affect the general 
appearance of an application.
The Main Window node represents the main 
window of an application and is also the 
top-level node for the user interface. It 
contains the window layout, the main 
menu specification, and an optional ribbon 
specification.
The Forms node contains subnodes that are 
forms or folders containing local forms, 
methods, and declarations. Each form may 
contain a number of form objects such as 
input fields, graphics objects, and buttons.
The Events node contains subnodes that 
are global events. These include all events 
that are triggered by changes to the various 
 | 13



data entities, such as global parameters or string variables. Global events can also 
be associated with the startup and shutdown of the application. Timer events can 
be used to operate an app as a digital twin, enabling automated actions to be 
performed at regular intervals.
The Declarations node is used to declare global variables, which are used in 
addition to the global parameters and variables defined in the model.
The Methods node contains subnodes that are global methods. Methods contain 
code for actions not included among the standard run commands of the model 
tree nodes in the Model Builder. The methods may, for example, execute loops, 
process inputs and outputs, and send messages and alerts to the user of the 
application. Methods can modify the model object of a running application or the 
model object represented by the Model Builder in the current session. The latter 
being utilized when building an add-in.
The Libraries node contains images, sounds, and files to be embedded in an 
MPH file so that you do not have to distribute them along with the application. 
In addition, the Libraries node may contain Java® utility class nodes and nodes for 
external Java® and C libraries.
14 | 
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THE FORM EDITOR

Use the Form Editor for user interface layout by creating forms with form objects 
such as input fields, graphics, and buttons. 
The main components of the Form Editor are:
• Form ribbon tab
• Application Builder window with the application tree
• Form window
• Editor Tools window
• Settings window

FORM TAB — The Form tab in the ribbon
gives easy access to the Form Editor.

FORM EDITOR WINDOW — The tabbed Form
Editor window allows you to move objects around
by dragging. Click an object to edit its settings.

SETTINGS and EDITOR TOOLS WINDOW
Click any application tree node or form object t
its associated Settings window. The Editor 
window is used to quickly create form objects

FORM OBJECTS — Each form contains form objects
such as input fields, checkboxes, graphics, images, 
buttons, and more.

M — Zoom to get
tter view of form
cts.
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Creating a New Form
To create a new form, right-click the Forms node of the application tree and select 
New Form. You can also click New Form in the ribbon. Creating a new form will 
automatically open the Form Wizard with a number of layout templates.
If your application already has a form, for example form1, and you would like to 
edit it, you can open the Form Editor in either of two ways:
• In the application tree, double-click the form1 node.
• In the application tree, right-click the form1 node and select Edit.

Note: Single-clicking a form node in the application tree displays a preview of the 
form’s layout definition, whereas double-clicking allows you to edit the form.
You can also add forms that are local to other forms. When applicable, this option 
is available as a menu option from the New Form button or the application tree.
16 | 



MAIN
Windo
cess to
THE MAIN WINDOW EDITOR

Use the Main Window Editor for menu and ribbon layout by creating menus with 
menu items and ribbon tabs with ribbon items. In addition, the Main Window 
Editor, available directly from the Main Window node, is used for subwindow 
layout.
The main components of the Main Window Editor are:
• Menu editor
• File menu editor
• Ribbon tab editor
• Subwindow editor

 WINDOW TAB — The Main
w tab in the ribbon gives easy ac-
 the Main Window Editor.

MAIN WINDOW EDITOR — The Main Window Editor allows you to
design menus, menu items, ribbon tabs, ribbon items, and subwindows.
You can move items around by dragging. Click an object to edit its set-
tings.
 | 17
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THE METHOD EDITOR

Use the Method Editor to write methods for actions not covered by the standard 
use of the model tree nodes. A method is another name for what is known in other 
programming languages as a subroutine, function, or procedure.
The main components of the Method Editor are:
• Method ribbon tab
• Application Builder window with the application tree
• Method window
• Model Expressions, Language Elements, Editor Tools, and Settings 

windows (these are stacked together in the figure above)

ETHOD TAB — The Method
b in the ribbon gives easy ac-
ss to tools for writing and de-
gging code.

METHOD WINDOW — The tabbed
Method Window allows you to switch
between editing different methods.

SETTINGS WINDOW — Click any
application tree node to see its asso-
ciated Settings window.

MODEL EXPRESSIONS, LANGUAGE ELEMENTS, and EDITOR TOOLS WINDOWS — These win-
dows display tools for writing code. The Model Expressions window shows all constants, parameters,
variables, and functions available in the model. The Language Elements window is used to insert template
code for built-in methods. The Editor Tools window is used to extract code for editing and running mod-
el tree nodes.
18 | 



Creating a New Method
To create a new global method, right-click the Methods node in the application 
tree and select New Method. You can also click New Method in the ribbon Home tab. 
In the New Method dialog you can change the name of the method.

Creating a new method will automatically open the Method Editor. Methods 
created under the main Methods node in the application tree are global methods 
and accessible from all methods, form objects, and from the Developer tab in the 
Model Builder ribbon.
You can also add methods that are local to a form, also known as form methods. 
When applicable, the option to create local form methods is available from the New 
Method button's menu or by first clicking a form node in the application tree.
Furthermore, you can add methods that are local to individual form objects, also 
known as local methods (see “Using Local Methods” on page 164 and “Local 
Methods” on page 214).
A sequence of commands associated with, for example, a button or menu item can 
be automatically converted to a new method by clicking Convert to Method. Open 
the new method by clicking Go to Method. You can also create a method that is 
local to a form or form object by clicking Convert to Form Method or Convert to 
Local Method, respectively. These options are shown in the figure below.
 | 19



If a method already exists, say with the name method1, then you can open the 
Method Editor in any of these ways:
• In the application tree, double-click the method1 node.
• In the application tree, right-click the method1 node and select Edit.
• Below the command sequence in the Settings window of a form object, menu 

item, ribbon item, or an event, click Go to Method.
• In the Events section of a form object, click Go to Source.

APPLICATION BUILDER PREFERENCES

To access Preferences for the Application Builder, choose Preferences from the File 
menu and select the Application Builder node.

You can configure the COMSOL Desktop environment to display the Application 
Builder in a separate desktop window. To do this, select the Use separate desktop 
window for Application Builder checkbox. This configuration is particularly useful 
if you are using multiple displays.
You can use the keyboard shortcuts Ctrl+Shift+M and Ctrl+Shift+A to switch 
between the Model Builder and Application Builder, respectively.
You can set an upper limit to the number of open Form Editor or Method Editor 
window tabs. Select the Maximum number of editors before closing checkbox and 
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edit the number (default 15). Keeping this number low can speed up the loading 
of applications that contain a large number of forms.
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The Application Builder and the Model Builder

Use the Application Builder to create an application based on a model built with 
the Model Builder. The Application Builder provides three important tools for 
creating applications: Form Editor, Main Window Editor, and Method Editor.
• The Form Editor includes drag-and-drop capabilities for user interface 

components such as input fields, graphics objects, and buttons.
• The Main Window Editor lets you design a menu bar or a ribbon, as well as 

a desktop environment consisting of subwindows.
• The Method Editor is a programming environment that allows you to 

modify the data structures that represent the different parts of a model or 
application.

The figures below show the Model Builder and Application Builder windows.
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When creating an application, you typically start from an existing model. 
However, you can just as well build an application user interface and the 
underlying model simultaneously.
You can easily, at any time, switch between the Model Builder and Application 
Builder. The model part of an application, as represented by the model tree, is 
sometimes called an embedded model.
The tools in the Application Builder can access and manipulate the settings in the 
embedded model in several ways; For example:
• If the model makes use of parameters and variables, you link these directly 

to input fields in the application by using the Form Wizard or Editor Tools. 
In this way, the user of an application can directly edit the values of the 
parameters and variables that affect the model. For more information, see 
pages 68 and 100.

• By using the Form Wizard or Editor Tools, you can include a button in your 
application that runs a study node and thereby starts the solver. In addition, 
you can use this wizard to include graphics, numerical outputs, checkboxes, 
and combo boxes. For more information, see pages 50 and 68.

• The Data Access tool and the Editor Tools window can be used to directly 
access low-level settings in the model for use with form objects or in 
methods. For more information, see pages 68, 111, and 197.

• By using the Record Code and Record Method tools, you can record the 
commands that are executed when you perform operations within the model 
tree and its nodes. These will then be available in a method for further 
editing. For more information, see page 201.
 | 23



Parameters,  Variables,  and Scope

The model tree may contain both parameters and variables that are used to control 
the settings of a model. The figure below shows the model tree of an application 
with nodes for both Parameters and Variables.

Parameters are defined under the Global Definitions node in the model tree and are 
user-defined constant scalars that are usable throughout the Model Builder. That 
is to say, they are “global” in nature. Important uses are:
• Parameterizing geometric dimensions
• Specifying mesh element sizes
• Defining parametric sweeps

Variables can be defined in either the Global Definitions node or in the Definitions 
subnode of any model Component node. A globally defined variable can be used 
throughout a model, whereas a model component variable can only be used within 
that component. Variables can be used for spatially or time-varying expressions, 
including dependent field variables for which you are solving.
In the Model Builder, a parameter or variable is a string with the additional 
restriction that its value is a valid model expression. For more information on the 
use of parameters and variables in a model, see the book Introduction to 
COMSOL Multiphysics.
An application may need additional global variables for use in the Form Editor and 
the Method Editor. Such variables are declared in the Application Builder under 
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the Declarations node in the application tree. The figure below shows the 
application tree of an application with multiple declarations.

You can also declare variables that are local to forms, also known as form 
declarations. When applicable, the option to create local form declarations is 
available by right-clicking a form node in the application tree.
The declared variables in the Application Builder are typed variables, including 
scalars, arrays, Booleans, strings, integers, and doubles. Before using a variable, 
you have to declare its type.
The fact that these variables are typed means that they can be used directly in 
methods without first being converted using one of the built-in methods. This 
makes it easier to write code with typed variables than with parameters and 
variables representing model expressions. However, there are several tools 
available in the Application Builder for converting between the different kinds of 
variables. For more information, see pages 165 and 372. For more information on 
typed variables, see the Application Programming Guide.
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Running Applications

With a COMSOL Multiphysics license, applications can be run from the 
COMSOL Desktop environment. With a COMSOL Server license, applications 
can be run in major web browsers on a variety of operating systems and hardware 
platforms. In addition, you can run applications by connecting to COMSOL 
Server with a dedicated client for Windows®.
By using COMSOL Compiler™, you can compile your application to an 
executable file that can be run in the Windows®, Linux®, and macOS operating 
systems.
The following two sections explain how to run applications in these different 
settings. The third section, “Publishing COMSOL Applications” on page 48, 
describes your rights to publish applications.

Running Applications in COMSOL Multiphysics

In COMSOL Multiphysics, you run an application using any of these ways:
• Click Test Application in the ribbon or in the Quick Access Toolbar.
• Select Run Application in the File menu or in the Quick Access Toolbar.
• Double-click an MPH file icon on the Windows® Desktop.
• Select Test in Web Browser in the ribbon.

TESTING AN APPLICATION

Test Application is used for testing an application during development. It opens a 
separate window with the application user interface while keeping the Application 
Builder desktop environment running. The figure below shows the Test section as 
it appears in the Form tab of the ribbon.

While testing an application, you can apply changes to forms, methods, and the 
embedded model at run time by clicking the Apply Changes button. Not all 
changes can be applied at run time, and in such a case, you are prompted to close 
the application and click Test Application again.
To preview the layout of a form without running the application, click Preview 
Form in the ribbon.
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When Test Application is used, all methods are automatically compiled with the 
built-in Java® compiler. Any syntax errors will generate error messages and the 
process of testing the application will be stopped. To check for syntax errors before 
testing an application, click the Check Syntax button in the Method tab.

Check Syntax finds syntax errors by compiling the methods using the built-in Java® 
compiler. Any syntax errors will, in this case, be displayed in the Method Errors and 
Warnings window in the Method Editor. For more information, see “The Method 
Editor” on page 191.

RUNNING AN APPLICATION

Run Application starts the application in the COMSOL Desktop environment. 
Select Run Application to use an application for production purposes. For example, 
you can run an application that was created by someone else that is password 
protected from editing, but not from running. On macOS and Linux®, this is also 
the only way to run an application from the user interface.

DOUBLE-CLICKING AN MPH FILE

When you double-click an MPH-file icon on the Windows® Desktop, the 
application opens in COMSOL Multiphysics, provided the MPH-file extension is 
associated with COMSOL Multiphysics. The application may either be opened for 
editing or for running. You control this behavior from the root node of the 
application tree. The Settings window for this node has a section titled Application 
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in which you can select either Edit application or Run application. A change in this 
setting will be applied when you save the MPH file.

If the MPH file was saved with the Edit application option, the application will 
open in either the Application Builder or the Model Builder, depending on which 
workspace was active at the time of saving.
If the MPH file was saved with the Run application option, the application will 
open in runtime mode for production use. This option is similar to selecting Run 
Application in the File menu with the difference that double-clicking an MPH file 
will start a new COMSOL Multiphysics session.
If you have installed the COMSOL Client for Windows®, the MPH-file extension 
may instead be associated with the COMSOL Client, and double-clicking an 
MPH file will prompt you to log in to a COMSOL Server.

IGNORING LICENSE ERRORS

In the Settings window for the application tree root node, the Ignore license errors 
during launch checkbox is used to control the behavior with respect to licensed 
products when running applications.

When this option is selected, an application can still be launched even if some 
required licenses are unavailable. Although you cannot use the functionality 
associated with missing licenses, you can write methods that dynamically adapt the 
application’s features to the licenses that are available. For an example of how to 
implement this, open the Installation Verification application from the Application 
Libraries under COMSOL Multiphysics > Applications.
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TESTING AN APPLICATION IN A WEB BROWSER

Test in Web Browser is used for testing the application in a web browser. This 
functionality makes it easy to test the look and feel of the application when it is 
accessed from a web browser connected to a COMSOL Server installation.

You can choose which of the installed web browsers you would like the application 
to launch in. Test in Web Browser opens a separate browser window with the 
application user interface while keeping the Application Builder desktop 
environment running. 

TEST APPLICATION VS. TEST IN WEB BROWSER

Test Application launches the application with a user interface based on Microsoft®. 
NET Framework components, whereas Test in Web Browser launches the 
application with a user interface based on HTML5 components. Test Application 
will display the user interface as it would appear as a standalone app, compiled 
using COMSOL Compiler, or when the application is run with COMSOL 
Multiphysics or COMSOL Server, provided the COMSOL Client for Windows® 
is used to connect with the COMSOL Server installation. Test in Web Browser will 
display the user interface as it would appear when the application is run with 
COMSOL Server, provided a web browser is used to connect with the COMSOL 
Server installation.
For testing the appearance and function of an application user interface in web 
browsers for macOS, iOS, Linux®, and Android™, a COMSOL Server installation 
is required.
The table below summarizes the different options for running an application.

SERVER SOFTWARE CLIENT SOFTWARE TOOL OR COMPONENT

COMSOL Multiphysics Test Application

COMSOL Multiphysics Test in Web Browser

COMSOL Multiphysics Run Application

COMSOL Server COMSOL Client for Windows®

COMSOL Server Web Browser

COMSOL Runtime Executable file compiled with COMSOL Compiler
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The Server column represents the software components that perform the 
CPU-heavy computations. The Client column represents the software tool or 
component used to present the application user interface. In the case of executable 
files, all computations are done locally in the COMSOL Runtime™ environment. 
For more information on compiled applications, see “Compiling and Running 
Standalone Applications” on page 41.

SAVING A RUNNING APPLICATION

When you test an application, it is assigned the name Untitled.mph and is a copy 
of the original MPH file. This is not the case when using the Run application 
option.
By default, when using the Run application option, the user of an application will 
not be prompted to save changes when exiting the application. You control this 
behavior from the root node of the application tree. The Settings window for this 
node has a section titled Application in which you can select the Ask to save 
application when closing checkbox, as shown in the figure below.

As an alternative, you can add a button or menu item with a command to save the 
application. For more information, see page 148.
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APPLICATION LIBRARIES

From the File menu, select Application Libraries to run and explore the example 
applications that are included in the COMSOL installation. Many of the 
screenshots in this book are taken from these examples.
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You run an application, or open it for editing, by clicking the corresponding 
buttons below the Application Libraries tree.

Applications that contain a model, but no additional forms or methods, cannot be 
run and only opened for editing. Applications that contain forms and methods are 
collected in folders named Applications.
The applications in the Application Libraries are continuously improved and 
updated. You can update the Application Libraries by clicking Update COMSOL 
Application Libraries.
Additional applications that are not part of the Application Libraries may be 
available from the COMSOL website in the Application Gallery. To find these 
applications, click the Application Gallery button. This will open a browser with 
the web page for the Application Gallery. 
Each application has an associated thumbnail image that is displayed in the 
Application Libraries. In the COMSOL Server web interface, the thumbnail image 
is displayed on the Application Library page.
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To set the thumbnail image, click the root node of the application tree. The 
Settings window has two options for choosing the image: Set from Graphics 
Window and Load from File. You can also Clear the image.
The Load from File option allows you to load images in the PNG or JPG file 
formats. Choose an image size from 280-by-210 to 1024-by-768 pixels to ensure 
that the image displays properly as a thumbnail in COMSOL Multiphysics and 
COMSOL Server.

The Set from Graphics Window option automatically creates two thumbnail images:
• An image of size 280-by-210 pixels shown in the Settings window of the 

application tree root node and in the Application Libraries.
• An image of size 1024-by-768 used as the default title page image in reports 

and in the Application Libraries in COMSOL Server.
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PASSWORD PROTECTION

An application can be password protected to manage permissions. You assign 
separate passwords for editing and running in the Settings window, accessible by 
clicking the root node of the application tree in the Application Builder window. 
You must have permission to edit an application in order to create passwords for 
running it.

When you open a password-protected MPH file, for editing or running, a dialog 
prompts you for the password:

To remove password protection, create an empty password.
The password protection is used to encrypt all model and application settings, 
including methods. However, binary data, such as the finalized geometry 
including embedded CAD files, mesh data, and solution data, is not encrypted. 
Note that for add-ins the password is set in the Add-in Definition window. For more 
information, see “Creating Add-ins” on page 236.

SECURITY SETTINGS

When creating an application with the Application Builder, it is important to 
consider the security of the computer hosting the application. Both COMSOL 
Multiphysics and COMSOL Server provide a very similar set of security settings 
for controlling whether or not an application should be allowed to perform 
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external function calls, contain links to C libraries, run MATLAB functions, access 
external processes, and more.
The security settings in COMSOL Multiphysics can be found in the Security page 
in the Preferences window accessed from the File menu. In COMSOL Server, they 
are available in the Preferences page in the COMSOL Server web interface if you 
are logged in as an administrator. If you are not sure what security settings to use, 
contact your systems administrator.

Running Applications with COMSOL Server

COMSOL applications can be run by connecting to COMSOL Server from a web 
browser or a COMSOL Client for Windows®. The COMSOL Client for 
Windows® allows a user to run applications that require a LiveLink™ product for 
CAD, as described in “Running Applications in the COMSOL Client” on page 
38.
Running applications in a web browser does not require any installation or web 
browser plug-ins. Running an application in a web browser supports interactive 
graphics in 1D, 2D, and 3D. In a web browser, graphics rendering in 3D is based 
on WebGL™ technology, which is included with all major web browsers.

RUNNING APPLICATIONS IN A WEB BROWSER

Using a web browser, you can point directly to the computer name and port 
number of a COMSOL Server web interface — for example, 
http://comsol-server-machine-url.com:2036, assuming that port number 
2036 is used by your COMSOL Server installation. You need to provide a 
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username and password to log in. If you are running COMSOL Server locally, the 
address field will typically be localhost:2036.

When logged in, the Application Library page displays a list of applications to run.
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Click Run in browser to run an application. Applications are run in separate tabs in 
the browser.

Limitations When Running Applications in Web Browsers
When you create applications to run in a web browser, make sure you use the grid 
layout mode in the Application Builder; See “Sketch and Grid Layout” on page 
117. This will ensure that the user interface layout adapts to the size and aspect 
ratio of the browser window. For low-resolution displays, make sure to test the 
user interface layout in the target platform to check that all form objects are visible. 
Applications that contain resizable graphics forms may not fit in low-resolution 
displays. In such cases, use graphics with fixed width and height to make sure all 
form objects fit in the target browser window. Depending on the type of web 
browser and the graphics card, there may be restrictions on how many graphics 
objects can be used in an application. You can get around such limitations by, 
instead of using multiple graphics objects, reuse the same graphics object by 
switching its source.
When running in a web browser, the LiveLink™ products for CAD software 
packages are not supported.
When running COMSOL applications in web browsers for smartphones and 
certain tablets, not all functionality is supported. Typical limitations include the 
ability to play sounds or open documents. In addition, file upload and download 
may not be supported.
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If the application allows the user to make selections, such as clicking on boundaries 
to set boundary conditions, running in a web browser is different from running in 
COMSOL Multiphysics or the COMSOL Client for Windows®. In a web 
browser, boundaries are not automatically highlighted when hovering. Instead, it 
is required to click once to highlight a boundary. A second click will make the 
selection. A third click will highlight for deselection and a fourth click will deselect. 
The process is similar for domains, edges, and points.
Note that file browsing functionality is slightly different depending on the web 
browser and depending on the version of the web browser. This may impact the 
user experience when running an application that has functionality for saving files 
to the client computer. For example, the location of the downloads folder can be 
changed in the settings of many web browsers. A web browser may also allow the 
user to manually specify the download location for each file. Please refer to the 
documentation of your target web browsers for details.

RUNNING APPLICATIONS IN THE COMSOL CLIENT

As an alternative to using a web browser for running applications, the COMSOL 
Client for Windows® can be used to connect to COMSOL Server for running 
applications natively in the Windows® operating system. This typically gives better 
graphics performance and supports more sophisticated graphics rendering in 1D, 
2D, and 3D. In addition, the COMSOL Client for Windows® allows running 
applications that require a LiveLink™ product for CAD, provided that the 
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COMSOL Server you connect to has the required licenses. You can open an 
application with the COMSOL Client for Windows® in two different ways:
• The COMSOL Server web interface will allow 

you to choose between running an application 
in a web browser or with the COMSOL 
Client for Windows®.
If you try to run an application with the 
COMSOL Client in this way, but it is not yet 
installed, you will be prompted to download 
and install it.

• If you have the COMSOL 
Client for Windows® 

already installed, a desktop 
shortcut will be available. 
You can double-click its 
desktop icon and before 
you can use the COMSOL 
Client to run applications, 
you will be prompted to log into a COMSOL Server with a valid username 
and password. After login, the COMSOL Client displays a COMSOL Server 
web interface identical to that seen when logging in from a web browser.

Using the COMSOL Client, applications run as native Windows® applications in 
separate windows. For example, applications run in the COMSOL Client may 
have a Windows® ribbon with tabs. When run in a web browser, ribbons are 
represented by a toolbar.
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In the figure below, the COMSOL Server web interface is shown (top) with an 
application launched in the COMSOL Client for Windows® (bottom).

RUNNING COMSOL SERVER ON MULTIPLE COMPUTERS OR A CLUSTER

COMSOL applications can be run on multiple computers or clusters in two main 
ways:
• By installing COMSOL Server with primary and secondary instances.
• By configuring one of the study nodes in the Model Builder for a particular 

cluster.
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Primary and Secondary Instances
Running COMSOL Server on multiple computers using primary and secondary 
instances allows for more concurrent users and applications than a single computer 
instance (or installation). The main COMSOL Server instance is called primary 
and the other instances are called secondary. The primary server is used for all 
incoming connections — for example, to show the web interface or to run 
applications in a web browser or with COMSOL Client. The actual computations 
are offloaded to the secondary server computers. This type of installation has a 
major benefit: Applications do not need to be custom-built for a particular cluster. 
Load balancing is managed automatically by the primary server, which distributes 
the work load between the secondary servers. A COMSOL Server installation can 
consist of multiple primary and secondary server installations without additional 
license requirements. You can perform administrative tasks using the COMSOL 
Server web interface without checking out license keys for users running 
applications. License keys are only checked out when running applications.

Configuring a Study Node for Cluster Sweep or Cluster Computing
If you want to utilize a cluster for applications that require large parametric sweeps 
or high-performance computing power, then you can configure the Model 
Builder study nodes of an application using the Cluster Sweep and Cluster 
Computing options. Note that for building such applications, you will need a 
Floating Network License. You can find more information on configuring a study 
node for clusters in the Introduction to COMSOL Multiphysics and COMSOL 
Multiphysics Reference Manual books. For running such cluster-enabled 
applications, you can use either COMSOL Server or a Floating Network License 
of COMSOL Multiphysics. Cluster system configurations are available from the 
COMSOL Server web interface.
For more information on COMSOL Server, see the COMSOL Server Manual 
available with a COMSOL Server installation or from 
www.comsol.com/documentation.

Compil ing and Running Standalone Applications

If you have a license for COMSOL Compiler™, there will be a Compiler button in 
the ribbon section Main, as shown below.
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Clicking this button will add a Compiler node to the application tree, shown in the 
figure below.

The corresponding Settings window is shown below.

COMPILING APPLICATIONS

To compile an application, you need to make a few selections in this window. 
Specify an output Directory, where the executable files will be saved after 
compilation.
The Runtime option can be left at Download for most situations. COMSOL 
Runtime contains all the COMSOL Multiphysics software components needed to 
run the application as a standalone program. The Runtime setting specifies how the 
COMSOL Runtime environment will be acquired from the compiled application. 
If this setting is Download then the first time a user starts the compiled application 
the COMSOL Runtime environment files will be downloaded (a service provided 
by COMSOL). If the COMSOL Runtime environment already exists on the 
computer, with a matching version number, then no download will be performed. 
The option Embed will bundle the COMSOL Runtime files in the executable file. 
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Note that with this option, the file size may be around 1 GB even for smaller 
applications.
You also have the option to preinstall COMSOL Runtime by downloading and 
installing from www.comsol.com/runtime-download.
The Platforms settings determine which target-platform executables should be 
generated at compilation. The extensions of the executables for the Windows® 
and Linux® operating systems will be .exe and .sh, respectively. For macOS, a 
.tar archive is created; unpack this archive on macOS to extract the app.
The Icon for Windows lets you specify the desktop icon. The Splash setting lets you 
specify a BMP-image file to be displayed at startup.
After compilation, in the Windows® operating system, the executable file will be 
available in the output directory, as shown in the figure below.

As a next step, you can, for example, right-click the EXE file and create a shortcut 
that you then place on the Windows® desktop. Note that the .exe file extension 
might not be shown, depending on the operating system settings.
You can also compile an application from the operating system command line. For 
more information, see the COMSOL Multiphysics Reference Manual.

RUNNING COMPILED APPLICATIONS

When running a compiled application, for example, by double-clicking the .exe 
file in the Windows® operating system, a splash screen is shown and the 
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application will start. If the application has the Splash option set to Default, then a 
neutral-looking built-in splash screen will be shown.

It is recommended that you replace this with your own splash screen. 
If this is the first time you are running an application on a particular computer, 
then, in addition, an Initializing Installer progress window will be displayed. The 
initialization progress window is shown below.
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After a short moment, the COMSOL Runtime Installer window is displayed, as 
shown below.

The COMSOL Runtime Installer and its click-through agreement are only shown 
once, and the next time you start the same application, it will not be shown. The 
click-through agreement and initialization progress window will also not be 
shown if you run another application on the same computer that was generated 
with the same COMSOL Compiler version (having the same version of the 
COMSOL Runtime).
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Click Next to proceed to the Options page, as shown in the figure below.

On this page, you can set the destination folder for the COMSOL Runtime files, 
choose to register LiveLink™ products (if included), and control how updates for 
the COMSOL Runtime are handled. Click Install to continue. The installation 
takes a few minutes and, when finished, the installer will prompt the user to start 
the application.
If you selected the Ask to update the installed COMSOL Runtime for applications 
compiled with a newer version checkbox while installing the COMSOL Runtime, 
running an application compiled with a newer version of COMSOL Multiphysics 
will give you the option to either run anyway or to download an update. An 
example of this is shown in the figure below.
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An option for showing the COMSOL About dialog is always available in a 
compiled application. The author of the application controls how this information 
is available from the Settings of the Main Window; see “About Dialog” on page 144. 
The figure below shows the About dialog.
 | 47



In the About dialog, the user of a compiled application can access the Preferences 
by clicking the corresponding button. The Preferences window for a compiled 
application is shown below.

Here, the user can change settings for Visualization, Mouse, Temporary files, 
Recovery, Multicore, GPU acceleration, LiveLink™ for MATLAB®, and Product updates. 
These settings represent a subset of the Preferences available in COMSOL 
Multiphysics and more information can be found in the COMSOL Multiphysics 
Reference Manual.

If the compiled application detects that OpenGL® graphics hardware 
acceleration is not supported, then the application will automatically 
switch to software rendering and exit. The next time the application starts, 
software rendering will be used.

Publishing COMSOL Applications

The COMSOL Software License Agreement (SLA) gives you permission to 
publish your COMSOL applications for others to use, including commercially, 
with certain restrictions spelled out in the SLA available at www.comsol.com/sla. 
This permission enables you to share your applications with others and to charge 
them for using your applications through three different mechanisms.
First, you can make an application available to others to be run by a COMSOL 
Multiphysics installation. For using an application with COMSOL Multiphysics, 
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the user needs to belong to the same organization that purchased the COMSOL 
Multiphysics license.
Second, you can make an application available to others to be run by a COMSOL 
Server installation. This approach allows for greater flexibility, as it allows you to 
set up a COMSOL Server installation and let users from around the world access 
your Application. You just need to provide them with the address, a username, and 
password to your COMSOL Server installation. Alternatively, users can purchase 
their own COMSOL Server license. If you use COMSOL Server to host and run 
applications, the SLA also gives you permission to make time on your COMSOL 
Server License (CSL) available to persons outside your organization to host and 
run applications that you are publishing to others, subject to certain restrictions.
Third, you can use COMSOL Compiler to compile your application into a 
standalone program that contains all of the functionality required to make it run. 
This approach gives you the greatest flexibility, as the end user of your application 
will not need a license for COMSOL Multiphysics or COMSOL Server to run the 
Application. The compiled application can then be run by that user and anyone 
else to whom you allow the user to publish the compiled application, around the 
world, inside or outside of your organization.
The COMSOL Application License, also available at www.comsol.com/sla, further 
lets you modify applications available in the Application Libraries and publish 
those modified applications for others to use, including commercially, with certain 
restrictions spelled out in the Application License. This allows you to, for example, 
use one of the applications in the Application Libraries as a starting point for your 
own applications by adding or removing your own features.
If you wish to apply the Application License to applications that you create, the 
Application License contains instructions on how to do so. The Application 
License also addresses how you can use terms that you choose for modifications 
you make to applications available in the Application Libraries, while the original 
portions of those applications remain available under the Application License.
The results from a simulation software such as COMSOL Multiphysics can 
shorten design times dramatically by, for example, reducing the number of 
experiments or product tests. However, simulation software is not a substitute for 
real-world testing. This is especially important if there are risks for physical or 
environmental damage.
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Getting Started with the Application Builder

STARTING FROM A COMSOL MULTIPHYSICS MODEL

If you do not have a model already loaded to the COMSOL Desktop 
environment, select File > Open to select an MPH file from your file system or 
select a file from the Application Libraries. Note that, in the Application Libraries, 
the files in the Applications folders are ready-to-use applications. All other files in 
the Application Libraries contain a model and documentation, but not an 
application user interface.
Once the model is loaded, click the Application Builder button on the ribbon Home 
tab. This will take you to the Application Builder workspace.

CREATING A NEW FORM USING TEMPLATES AND THE FORM WIZARD

To start working on the user interface layout, click the New Form button in the 
Home tab. This will launch the Form Wizard.

The Form Wizard assists you with adding the most common user interface 
components, so-called form objects, to the first draft of your application.
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In the Form Wizard, the first page is the Select Template page.

The different templates listed here will help you quickly create an organized 
application with different levels of sophistication and user-interface layouts for 
desktop, table, and smartphone use.
For this example, you can load the busbar.mph model from the Application 
Libraries at COMSOL Multiphysics > Multiphysics. This is one of the models used in 
the Introduction to COMSOL Multiphysics manual.
Select the Basic layout template and click Content. The Select Content page has four 
tabs:
• Inputs

• Outputs
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• Graphics

• Ribbon buttons

Double-click a node or click the Add Selected  button to move a node from the 
Available area to the Selected area. The selected nodes will become form objects in 
the application and a preview of the form will be shown in the Preview area to the 
right.
The size as well as other settings for form objects can be edited after exiting the 
wizard. You can also choose to exit the wizard at this stage by clicking Done, and 
then manually add form objects.

The Inputs and Outputs Tabs
The Inputs and Outputs tab display the model tree nodes that can serve as an input 
field, data display object, checkbox, or combo box. Input fields added by the 
wizard will be accompanied by a text label and a unit, when applicable. You can 
make other parts of the model available for input and output by using Data Access 
(see page 111). Checkbox and combo-box objects are, for example, only available 
in this way. For example, you can make the Predefined combo box for Element Size 
under the Mesh node available in the wizard by enabling it with the Data Access 
feature.
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In the figure below, three parameters, including Length, Width, and Applied 
voltage, have been selected to serve as input fields.

In the figure below, a Derived Values node representing the maximum temperature 
has been selected from the Outputs tab to act as a data display object. Note that 
the temperature value shown is a placeholder intended solely to demonstrate the 
formatting, not an actual computed temperature. 

After exiting the wizard, you can edit the size and font color as well as other 
settings for input fields and data display objects.
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The Graphics Tab
The Graphics tab displays the model tree nodes that can serve as graphics objects: 
Geometry, Selection, Mesh, and Results. In the figure below, a Temperature plot 
node has been selected. When using the Basic layout template, this selection 
determines the default plot shown when the app is started.

The Ribbon Buttons Tab
The Ribbon buttons tab displays the model and application tree nodes that can be 
run by clicking a button in the ribbon in the application user interface. Examples 
of such tree nodes are Plot Geometry, Plot Mesh, Compute Study, and each of the 
different plot groups under Results. In addition, you can add buttons for GUI 
Commands, Forms, and Methods. Note that in this example no Forms or Methods are 
available yet.
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In the figure below, buttons have been added corresponding to the actions: Plot 
Geometry, Plot Mesh, Compute Study, Plot Electric Potential, Plot Temperature, Plot 
Current Density, and Reset Window Layout.

The Reset Window Layout option is available under GUI Commands > Main Window 
Commands > Reset Window Layout. The application consists of two subwindows, 
one for the inputs and outputs and one for the graphics. The Reset Window Layout 
button will reset the two subwindows in the application to their original size. The 
Subwindows templates are similar to the Basic template but additionally enable you 
to detach, move around, and dock the subwindows. In this case, the Reset Window 
Layout operation will rearrange all subwindows to their original position and size.
Using the Form Editor, you can add buttons that run your own custom command 
sequences or methods.
For an example of using the Single form template, see the Introduction to 
COMSOL Multiphysics manual.

EXITING THE WIZARD

Click Done to exit the wizard. This automatically takes you to the Form Editor.

TESTING THE APPLICATION

You can now click Test Application in the Test section of the ribbon.
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The figure below shows the running application.

SAVING AN APPLICATION

To save an application, from the File menu, select File > Save As. Browse to a folder 
where you have write permissions, and save the file in the MPH-file format. The 
MPH file contains all of the information about the application, including 
information about the embedded model created with the Model Builder.
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Themes

The Settings window for Themes is displayed when you click the Themes node in 
the application tree. It lets you change the overall appearance of the user interface 
and forms with settings for Application theme, Image export theme, Text color, 
Background color, Font, Font size, Bold, Italic, and Underline.

The default is that all new forms and new form objects inherit these settings when 
applicable.
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The Form Editor

Use the Form Editor to design user interfaces by creating forms with various form 
objects, including input fields, graphics, buttons, and more. This section covers 
the use of forms and form objects, along with related topics such as the objects 
used in ribbons, menus, and toolbars.

The Individual Form Settings Windows

The figure below shows the application tree node and Settings window for a form.
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Each form has its own Settings window with settings for:
• Name used to reference the form in other form objects and methods.
• Form Title that is used in applications with several forms.
• Icon shown in the upper-left corner of a dialog.
• Initial size of the form when used as a dialog or when the Main Window is set 

to have its size determined by the form.
• Margins with respect to the upper-left corner (Horizontal and Vertical).
• Choices of when to store changes in dialogs (Store changes), see also 

“Showing a Form as a Dialog” on page 79.
• Choices of whether the form should be Resizable or not and Vertically 

scrollable or not when used as a dialog.
• Table with the formatting of all columns and rows included in the form (Grid 

Layout for Contained Form Objects).
• Appearance with settings for Text color, Background color, and Background 

image.
• Events that are triggered when a form is loaded or closed. (On load and On 

close.)

Double-click a form node to open its window in the Form Editor. Alternatively, 
you can right-click a form node and select Edit. Right-click a form window tab to 
see its context menu with options for closing, floating, and tiling form windows.

SKETCH AND GRID LAYOUT MODES

When adding a form using the Blank or Single form layout templates, the 
Application Builder defaults to sketch layout mode, which lets you use fixed object 
positions and size. The other layout templates use the grid layout mode. Sketch 
layout mode is useful when you want control over the absolute positioning of form 
objects, such as when creating dialogs. Many, but not all, of the instructions in the 
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“The Form Editor” on page 58 assume that the Form Editor is in sketch layout 
mode unless otherwise specified. For information on grid layout mode, see 
“Sketch and Grid Layout” on page 117.
If you use the Single form template and follow the same steps as for the earlier 
example using the Basic template, then the Form Editor will result in an form as 
shown in the figure below, after dragging to reorganize the buttons.

In this case, no ribbon is created and you can freely position form objects, such as 
buttons and edit fields, by dragging them. This is beneficial in some cases, 
however, the size of the graphics object will be fixed when using the Single form 
layout template. This is because for this template the sketch layout mode is used 
and automatic resizing of an app is only supported with the grid layout mode. To 
learn how to create resizable graphics objects, see “Automatic Resizing of 
Graphics Objects” on page 128.
Note that any type of application that you create using templates can also be built 
using manual steps by starting from a Blank form or Single form template, however, 
using templates accelerates this process.

INITIAL SIZE OF A FORM

There are two options for the initial size of a form:
• Manual lets you enter the pixel size for the width and height. 
• Automatic determines the size based on the form objects that the form 

contains. If you are using grid layout mode and there are columns or rows 
set to Grow, then the size is not defined by the form objects. In this case, the 
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size is estimated using the Form Editor grid size as a base point. (It will 
typically be slightly larger.) You can change the grid size by dragging the 
right or bottom border of the grid. For more information on grid layout 
mode, see “Grid Layout” on page 120.

Local Forms

Forms can be local to other forms, which enables you to create a better structure 
when developing your applications. For instance, a complicated global form made 
up of many different subforms can have the auxiliary forms as local forms, 
displayed as children in the application tree.
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You can add a local form by, for example, right-clicking a global form and 
selecting Local Form. A global form always appears directly under the Forms node 
in the application tree.

Form Editor Preferences

To access Preferences for the Form Editor, choose Preferences from the File menu 
and select the Forms node in the tree.

The Forms node and its child nodes, Grid Mode and Sketch Mode, includes settings 
for changing the defaults for layout mode, margins, sketch grid, and layout 
templates.
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Form Objects

POSITIONING FORM OBJECTS

You can easily change the positioning of form objects such as input fields, graphics 
objects, and buttons in one of the following ways (which methods are applicable 
depends on which layout mode you are using):
• Click an object to select it. A selected object is highlighted with a blue 

frame.
• To select multiple objects, use Ctrl+click. You 

can also click and drag to create a selection 
box in the form window to select all objects 
within it.

• Hold and drag to move to the new position. 
In sketch layout mode, blue guidelines will aid in the positioning relative to 
other objects.

• In sketch layout mode, you can also use the keyboard arrow keys to move 
objects. Use Ctrl+arrow keys to fine tune the position.

In the figures below, a Plot button is being moved from its original position. Blue 
guide lines show its alignment relative to the unit objects and the Compute button.
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RESIZING FORM OBJECTS

In sketch layout mode, to resize an object:
• Click an object to select it.
• Hold and drag one of the handles, shown as blue dots, of the highlighted 

blue frame. If there are no handles, this type of form object cannot be 
resized.

Note that some form objects that cannot be resized in grid mode can be resized 
in sketch mode.

COPYING, PASTING, DUPLICATING, AND DELETING AN OBJECT

To delete an object, click to select it and then press Delete on your keyboard. You 
can also click the Delete button in the Quick Access Toolbar.
You can copy-paste an object by pressing Ctrl+C and Ctrl+V. Alternatively, you 
can right-click an object to get menu options for Copy, Duplicate, Delete, and more.

To paste an already copied object, right-click an empty area in the form and 
right-click again. Depending on the copied object, a Paste menu option will be 
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shown. In the figure below, an Input Field has previously been copied and as a 
result, a Paste Input Field option is shown.

ADJUSTING POSITION AND SIZE BY THE NUMBER OF PIXELS

When in sketch layout mode, you can adjust the position and size of an object by 
typing the number of pixels in the Position and Size section of its Settings window:
• Click an object to select it. Make sure its Settings window is shown. If not, 

double-click the object or click the Settings button in the Form tab.
• Edit the numbers in the Position and Size section.

The Position and Size section will have different options depending on the type of 
form object. For grid layout mode, there are additional settings for the position of 
the object with respect to rows and columns. For details, see “Sketch and Grid 
Layout” on page 117.
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CHANGING THE APPEARANCE OF DISPLAYED TEXT

For form objects that display text, the Appearance section in the Settings window 
lets you change properties such as the text displayed, font, font color, and font 
size. For some form objects, such as a button, the size of the object will adapt to 
the length of the text string.
In the figure below, the Settings window for a text label object is shown.

By using grid layout mode (see “Sketch and Grid Layout” on page 117) you can 
gain further control over the size of form objects, such as setting an arbitrary size 
for a button.

SELECTING MULTIPLE FORM OBJECTS

If you select more than one form object, for example, by using Ctrl+click, then the 
Settings window will contain a set of properties that can be shared between the 
selected objects. Shared properties will always originate from the Appearance 
section, the Position and Size section, or the Events section.

THE NAME OF A FORM OBJECT

A form object has a Name, which is a text string without spaces. The string can 
contain letters, numbers, and underscore, but the reserved names root and 
parent are not allowed. The Name string is used by other form objects and 
methods to reference the object as part of its path. The object’s path is displayed 
as a tooltip when hovering over the Name field in the Settings window.
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INSERTING FORM OBJECTS

You can insert form objects in addition to those created by the Form Wizard. In 
the Form ribbon tab, in the Form Objects section, you can quickly select some of 
the most common form objects: Input Field, Button, Checkbox, Text Label, Data 
Display, and Graphics.

Additional form objects are available from the More Objects menu button.

The remainder of this section, The Form Editor, only describes the types of form 
objects that are added by the Form Wizard. The form objects and ribbon features 
added by using the wizard may include:
• Button and Ribbon Button
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• Graphics

• Input Field

• Text Label (typically associated with Input Field)
• Unit (typically associated with Input Field)
• Data Display

However, when using Data Access (see page 111), the additional form objects may 
be added by the wizard, including:
• Checkbox

• Combo box

For more information on the checkbox, combo box, and other form objects, see 
“Appendix A — Form Objects, Ribbon, Menu, and Toolbar Items” on page 247. 

EVENTS AND ACTIONS ASSOCIATED WITH FORMS AND FORM OBJECTS

You can associate objects such as buttons, menu items, ribbon buttons, forms, and 
form objects with actions triggered by an event. An action can be a sequence of 
commands including global methods, form methods, or local methods. Local 
methods are not accessible or visible outside of the forms or objects where they 
are defined. The events that can be associated with an object depend on the type 
of object and include: button click, keyboard shortcut, load of a form (On load), 
close of a form (On close), change of the value of a variable (On data change), and 
focus gained.
Using Ctrl+Alt+click on a form object opens any associated method in the 
Method Editor. If there is no method associated with the form object, a new local 
method will be created, associated with the form object, and opened in the 
Method Editor. If the form object has an associated command sequence, this 
sequence is converted to code and inserted in the local method.

Editor Tools in the Form Editor

The Editor Tools window is an important complement to the Form Wizard and the 
Insert Object menu for quickly creating composite form objects. To display the 
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Editor Tools window, click the corresponding button in the Main group in the 
Home tab.

You can right-click the nodes in the editor tree to add the same set of form objects 
available with the Form Wizard.

When a node is selected, the toolbar below the editor tree shows the available 
options for inserting an object. You can also right-click for a list of these options.
 | 69



Depending on the node, the following options are available:
• Input

An Input Field, Checkbox, Combo Box, or File Import object is inserted as follows:
- Inserts an Input Field using the selected node as Source. It is accompanied by 

a Text Label and a Unit object, when applicable.
- Inserts a Checkbox using the selected node as Source.
- Inserts a Combo Box using the selected node as Source. A choice list is 

automatically created, corresponding to the list in the node. This option is 
only available when used with Data Access (see page 111) to make the 
corresponding node available in the editor tree.

- Inserts a File Import object using the selected node as File Destination.
• Output

- Inserts a Data Display object accompanied by a Text Label when applicable.
- Inserts a Results Table object when the selected node is a Table.

• Button

- Inserts a Button object with a command sequence running the selected node.
• Graphics

- Inserts a Graphics object using the selected node as Source for Initial Graphics 
Content.

• Edit Node

- Brings you to the Settings window for the corresponding model tree node.

The Editor Tools window is also an important tool when working with the 
Method Editor. In the Method Editor, it is used to generate code associated with 
the nodes of the editor tree. For more information, see “Editor Tools in the 
Method Editor” on page 197.

Button and Item

Clicking on a Button, ribbon, menu, or toolbar Item is an event that triggers an 
action defined by its command sequence. The main section of the Settings window 
for a button or item allows you to:
• Edit the form object Name of the button.
• Edit the Text displayed on the button.
• Use an Icon instead of the default rendering of a button.
• Set the button Size to Large, Small, or Use icon size.
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• Set the button Style to Flat, Raised, or Outlined.
• Add a Tooltip with text that is shown when hovering over the button.
• Add a Keyboard shortcut by clicking the input field and entering a 

combination of the modifier keys Shift, Ctrl, and Alt together with another 
keyboard key. Alt must be accompanied by at least one additional modifier.

The settings for a ribbon button, defined as Item in a Ribbon Section, are very 
similar to those of a button form object. However, in their respective settings 
windows, the sections and settings for Dialog Actions, Position and Size, and 
Appearance are available only for the button form object. Similarly, the settings 
windows for menu and toolbar items are also closely aligned with those of a button 
form object.
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CHOOSING COMMANDS TO RUN

The section Choose Commands to Run lets you control the action associated with a 
button-click event. The figure below shows the Settings window for a button that 
triggers a sequence of four commands.

A menu, ribbon, or toolbar item will also provide a Choose Commands to Run 
section in its Settings window, and the functionality described in this section 
applies. For more information on using menu, ribbon, and toolbar items, see 
“Graphics Toolbar” on page 89, “The Main Window Editor” on page 142, 
“Table” on page 332, and “Toolbar and Form Toolbar” on page 344.
To define a sequence of commands, in the Choose Commands to Run section, select 
a node in the editor tree. Then click one of the highlighted buttons under the tree. 
Alternatively, right-click in the tree and select the command or double-click. In 
the figure below, the Geometry node is selected and the available commands Run 
and Plot are highlighted. Click Run to add a geometry-building command to the 
command sequence. Click Plot to add a command that first builds and then plots 
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the geometry. The option Edit Node will take you to the corresponding node in 
the model tree or the application tree.

You do not need to precede a Plot Geometry command with a Build 
Geometry command (that you get by clicking Run). The Plot Geometry 
command will first build and then plot the geometry. In a similar way, the 
Plot Mesh command will first build and then plot the mesh.

The command icons highlighted for selection are those applicable to the particular 
tree node. This is a list of the command icons that may be available, depending 
upon the node:
• Run

• Plot

• Set Value

• Show

• Show as Dialog

• Import File

• Enable

• Disable

Some commands, such as the various plot commands, require an argument. The 
argument to a plot command, for example, defines which of the different graphics 
objects the plot should be rendered in.
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The example below shows the Settings window and command sequence for a 
Compute button as created by the Form Wizard. This button has a command 
sequence with two commands: Compute Study 1 and Plot Temperature.

The Plot Temperature command has one argument, form1/graphics1.
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To add or edit an input argument, click the Edit Argument button below the 
command sequence, as shown in the figure below.

To reference graphics objects in a specific form, the following syntax is used: 
form1/graphics2, form3/graphics1, and so on. If a specific form is not specified, 
for example, graphics1, then the form where the button is located is used.
To control the order and contents of the sequence of commands, use the Move Up, 
Move Down, and Delete buttons located below the command sequence table.
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CONVERTING A COMMAND SEQUENCE TO A METHOD

A sequence of commands can be automatically converted to a new method, and 
further edited in the Method Editor, by clicking Convert to Method.

Open the new method by clicking Go to Method.

You can also create a method that is local to a form or form object by 
clicking Convert to Form Method or Convert to Local Method, respectively. 
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The method contains calls to built-in methods corresponding to the commands in 
the commend sequence, as shown in the figure below.

In this example, the first line:
model.study("std1").run()

runs Study 1 corresponding to the model tree node containing the first study with 
tag std1 (the first study node is called Study 1 unless changed by the user). The 
second and third lines:

useGraphics(model.result("pg3"), "form1/graphics1");
useGraphics(model.result("pg1"), "form1/graphics2");

use the built-in method useGraphics to display plots corresponding to plot 
groups pg3 and pg1, respectively. In this example, the plots are displayed in two 
different graphics objects, graphics1 and graphics2, respectively.
For more information on methods, see “The Method Editor” on page 191.

SETTING VALUES OF PARAMETERS AND VARIABLES

The Set Value command allows you to set values of parameters and variables that 
are available in the Parameters, Variables, and Declarations nodes. In addition, Set 
Value can be used to set the values of properties made accessible by Data Access (see 
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page 111). The figure below shows a command sequence used to initialize a set of 
model parameters and a string variable.

To learn how to perform the same sequence of operations from a method, select 
Convert to Method under the command table.

CHANGING WHICH FORM IS VISIBLE

A button on a form can also be used to display a new form. This can be done in 
two ways. The first is to use the Show command, which will replace the original 
form with the new form. The second is to use the Show as Dialog command. In this 
case, the new form will pop up as a dialog over the current form, and will usually 
request input from the user.
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In the section Choose Commands to Run, you can select the Show command. The 
figure below shows the command sequence for a button with a command Show 
form3.

This command will leave the form associated with the button and make the 
specified form visible to the user.

SHOWING A FORM AS A DIALOG

In order to use the Show as Dialog command, begin with the Choose Commands to 
Run section and select the form that you would like to show. The figure below 
shows an example of the settings for a button with the command Show form2 as 
dialog.
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With these settings, clicking the button in the application will launch the following 
dialog corresponding to form2:

The form2 window in this example contains a text label object and an OK button, 
as shown in the figure below.

In the Settings window, the Dialog Actions section has two checkboxes:
• Close dialog

• Store changes

In the example above, the Close dialog checkbox is selected, ensuring that the 
form2 window closes when the OK button is clicked. Since form2 has no user 
inputs, the Store changes checkbox does not have any effect.
Typical dialog buttons and their associated dialog actions are:

BUTTON DIALOG ACTIONS

OK Close dialog and Store changes

Cancel Close dialog

Apply Store changes
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A dialog blocks any other user interaction with the application until it is closed.
In order to control when data entered in a dialog is stored, there is a list in the 
Dialog Settings section of the Settings window of a form where you can select 
whether to store data On request or Immediately when the change occurs, as shown 
in the figure below.

When the Store changes option On request is selected, the variables that have been 
changed by the user in the dialog will not be updated until the OK button (or 
similar) in the dialog has been clicked. This requires that the Store changes 
checkbox is selected, in the Settings window of the OK button. When the option 
Immediately is selected, variables changed by the user in the dialog is updated 
immediately including while the dialog is still open.
When Vertically scrollable is cleared, the form will never get any vertical scrollbar. 
Instead, the scrollbar will appear on the form objects inside the form, if possible. 
To obtain a satisfactory result, the form has to be created in grid mode. The form 
object which should get the scrollbar must be in a row with setting Grow Row and 
its alignment set to Fill Vertically.
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APPEARANCE

In the Settings window for a button, the Appearance section contains font settings 
as well as settings that control the state of the button object.

Changing the Enabled and Visible State of a Form Object
Whether or not the button object should be Visible or Enabled is controlled from 
the checkboxes under the State subsection. The Appearance section for most form 
objects has similar settings, but some have additional options; for example, input 
field objects.
A button, or another form object, with the Visible checkbox cleared will not be 
shown in the user interface of the running application. A form object with the 
Enabled checkbox cleared will be disabled, or “grayed out”, but still visible. The 
state of a form object can also be controlled using built-in methods. For example, 
assume that a Boolean variable enabled is used to determine the enabled/disabled 
state of a button with Name button3. In this case, you can control the state of the 
button as follows:

setFormObjectEnabled("button3", enabled);

In a similar way, the call
setFormObjectVisible("button3", visible);

lets a Boolean variable visible control whether the button is shown to the user 
or not.
For more information, see “GUI-Related Methods” on page 378 and the 
Application Programming Guide.

Graphics

Each Graphics object gets a default name such as graphics1, graphics2, and so 
on, when it is created. These names are used to reference graphics objects in 
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command sequences for buttons, menu items, and in methods. To reference 
graphics objects in a specific form, use the syntax: form1/graphics2, 
form3/graphics1, and so on.

SELECTING THE SOURCE FOR INITIAL GRAPHICS CONTENT

In the Settings window for a graphics object, use the section Source for Initial 
Graphics Content to set the plot group or animation to be displayed as default. To 
select, click Use as Source or double-click a node in the tree. If a solution exists for 
the displayed plot group, the corresponding solution will be visualized when the 
application starts. The figure below shows the Settings window for a graphics 
object with a Temperature plot selected as the source.

In addition to Results plot nodes, you can also use Animation, Selection, Geometry, 
and Mesh nodes as the Selected source.
Selecting the Zoom to extents on first plot checkbox ensures that the first plot that 
appears in the graphics canvas shows the entire model (zoom extents). This action 
is triggered once the first time that graphics content is sent to the graphics object.
In the section Data Picking, below Source for Initial Graphics Content, selecting the 
Enable data picking checkbox makes the graphics object interactive so that you can, 
for example, click on a plot at a particular point and retrieve a numerical value for 
the temperature at that coordinate. For more information, see “Data Picking” on 
page 98.
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APPEARANCE

For a graphics object, the Appearance section of the Settings window has the 
following options:
• Include an Icon, such as a logo image, in the upper-right corner.
• Set the background Color for 2D plots.
• Set a flat or graded background color for 3D plots by choosing a Top color 

and Bottom color.

In addition, the subsection State contains settings for the visible and enabled state 
of the graphics object. For more information, see “Changing the Enabled and 
Visible State of a Form Object” on page 82.
84 | 



The figure below shows an application where the background Top color is set to 
white and the Bottom color to gray. In addition, the standard plot toolbar is not 
included.

GRAPHICS COMMANDS

In the editor tree used in a command sequence of, for example, a button, the 
Graphics Commands folder contains commands to process or modify a graphics 
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object. The figure below shows a command sequence with one command for 
printing the contents of a graphics object.

The available Graphics Commands include:
• Zoom Extents

- Makes the entire model visible.
• Reset Current View

- Resets the currently active view to the state it had when the application was 
launched; also see “Views” on page 92.

• Scene Light

- Toggles the scene light (on or off).
• Transparency

- Toggles the transparency setting (on or off).
• Orthographic projection

- Enable orthographic projection (as opposed to perspective projection).
• Print

- Prints the contents of the graphics object.
• Select All

- Selects all objects.
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• Clear Selection

- Clear the selection of all objects.
• Show Selection Colors

- Enable visualization of selection colors.
• Show Material Color and Texture

- Enable visualization of material color and texture.
Note that the many of these commands have corresponding toolbar buttons in the 
standard graphics toolbar. See the next section “Graphics Toolbar”.

Plot While Solving
To let the user monitor convergence, you can plot the results while solving. In this 
example, assume that the Plot option is enabled for Results While Solving. This 
option is available in the Settings window of a Study node in the model tree, as 
shown in the figure below.

You can include a method that calls the built-in sleep method for briefly 
displaying graphics information before switching to displaying other types of 
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graphics. Insert it in a command sequence after a plot command, as shown in the 
figure below.

In this example, the sleepABit method contains one line of code:
sleep(1000); // sleep for 1000 ms

For more information on the method sleep, see “sleep” on page 383.
In the command sequence above, the Plot Velocity command comes before the 
Compute Study command. This ensures that the graphics object displays the 
velocity plot while solving.

USING MULTIPLE GRAPHICS OBJECTS

Due to potential graphics hardware limitations on the platforms where your 
application will be running, you should strive to minimize the number of graphics 
objects used. This is to ensure maximum portability of your applications. In 
addition, if you intend to run an application in a web browser, there may be 
additional restrictions on how many graphics objects can be used. Different 
combinations of hardware, operating systems, and web browsers have different 
limitations.
In this context, two graphics objects with the same name but in different forms 
count as two different graphics objects. For example, form1/graphics1 and 
form2/graphics2 represent two different graphics objects. In addition, if a 
graphics object is used in a subform (see “Form” on page 302), then each use of 
that subform counts as a different graphics object.
To display many different plots in an application, you can, for example, create 
buttons, toggle buttons, or radio buttons that simply plot to the same graphics 
object in a form that does not use subforms.
If you need to use methods to change a plot, use the useGraphics method. For 
more information on writing methods, see “The Method Editor” on page 191.
The example code below switches plot groups by reusing the same graphics object, 
based on the value of a Boolean variable.

if (my_boolean) {
useGraphics(model.result("pg1"), "form1/graphics1");

} else {
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useGraphics(model.result("pg2"), "form1/graphics1");
}

CLEARING THE CONTENTS OF A GRAPHICS OBJECT

You can clear the contents of a graphics object by a call to the useGraphics 
method, such as:

useGraphics(null, "/form1/graphics1");

which clears the contents of the graphics object graphics1 in the form form1.

GRAPHICS TOOLBAR

The type of tree node used in the Source for Initial Graphics Content determines the 
type of toolbar that is shown. The toolbar will be different depending on the space 
dimension and whether the referenced source is a Geometry, Mesh, Selection, or 
Plot Group node. For example, the Plot Group node displays an additional Show 
Legends button.
In the Settings window of a graphics object, in the Toolbar section, you can control 
whether or not to include the graphics toolbar, as well as its position (Below, 
Above, Left, Right). In addition, you can choose between the options Small or Large 
for Icon size, Background color, and whether to Include standard toolbar items or 
not.

Graphics Toolbar for Geometry and Mesh
The figure below shows the standard graphics toolbar as it appears when the 
Geometry or Mesh node, for a 3D model, is used as a Source for Initial Graphics 
Content.
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Graphics Toolbar for Selection
When the Source for Initial Graphics Content is set to a Selection, the graphics 
toolbar will contain three additional items: Zoom to Selection, Select Box, and 
Deselect Box. This is shown in the figure below.

For more information on selections, see “Selections” on page 94.

Graphics Toolbar for Plot Groups
The figure below shows the standard graphics toolbar as it appears when a 3D Plot 
Group node is used as a Source for Initial Graphics Content.

If the Source for Initial Graphics Content is set to an Animation node, then additional 
buttons for playing the animation are added to the graphics toolbar, as shown in 
the figure below.

Custom Graphics Toolbar Buttons
In the Toolbar section, you can also add custom buttons to the graphics toolbar. 
Use the buttons under the table to add or remove custom toolbar buttons (items). 
You can also move toolbar buttons up or down, add a Separator, and Edit a button. 
The figure below shows a standard graphics toolbar for results with four additional 
buttons to the right.
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The figure below shows the corresponding settings and table of graphics toolbar 
items.
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To edit the command sequence for a toolbar item, click the Edit button to open 
the Edit Custom Toolbar Item dialog.

This dialog has settings that are similar to those of a button or a toolbar item with 
the contents divided into two or three tabs depending on if the item is a toggle 
item or not. For details, see “Button and Item” on page 70 and “Toolbar and 
Form Toolbar” on page 344.

Views
In the graphics toolbar of an application, the Go to Default View button (for 3D 
graphics only) will reset the current view to the default view. If you click the arrow 
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next to this button, a menu will be displayed with all applicable views. The 
currently active view is indicated with a check mark.

In addition to a list of all views, there is an option Reset Current View that will reset 
the currently active view to the state it had when the application was launched.

ANIMATIONS

You can display animations in an application by using a Results > Animation node 
as the Source for Initial Graphics Content.
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To run the animation, use the Form Wizard or the Editor Tools window to create 
a command from, for example, a button that runs a Results > Animation node.

When using the Form Wizard or Editor Tools, the animation button will have the 
following default appearance:

SELECTIONS

Selections in the Model Builder
In the Model Builder, named selections let you group domains, boundaries, 
edges, or points when assigning material properties, boundary conditions, and 
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other model settings. You can create different types of selections, for example, by 
adding subnodes under the Component > Definitions node, as shown in the figure 
below. You can also create selections generated by geometry or mesh sequences. 
These can be reused throughout a model component.

As an example of how selections can be used, consider selections for boundary 
conditions. When you select which boundaries should be associated with a certain 
boundary condition, you can click directly on those boundaries in the graphics 
window of the COMSOL Desktop environment. This is the default option called 
Manual selection (see below). These boundaries will then be added to a selection 
that is local to that boundary condition. Named selections instead let you define 
selections that can be reused for several different kinds of boundary conditions 
within a Component by just selecting from a drop-down list. The figure below 
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shows an Explicit selection given the name Inlet Boundaries with an associated 
boundary (1).

The figure below shows the Settings window for an Inlet boundary condition 
where the Inlet Boundaries selection is used. In this example, there are also 
selections for Outlet Boundaries, All Fluid Boundaries, and Fluid Walls.

For convenience, in addition to the Manual option, there is also a shortcut for All 
boundaries. The example above is available for download from this link: 
www.comsol.com/model/app-with-cad-import-and-selections-86621. It 
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demonstrates the use of ribbon buttons (items) for interactively selecting inlet and 
outlet boundaries in a microfluidics model.

Selections in the Application Builder
The Explicit selections, created under Definitions, or by geometry or mesh 
sequences, let you group domains, boundaries, edges, or points based on entity 
number, and the example below illustrates how to work with this type of selection. 
Explicit selections can be made interactive in an application, but other types of 
selections, such as a coordinate-based Box selection, are shown in read-only mode.
You can allow the user of an application to interactively change which entities 
belong to an Explicit selection with a Selection Input object or a Graphics object. In 
the example below, the embedded model has a boundary condition defined with 
an Explicit selection. Both a Selection Input object and a Graphics object are used 
to let the user select boundaries to be excited by an incoming wave.

The user can here select boundaries by clicking directly in the graphics window, 
corresponding to the Graphics object, or by adding geometric entity numbers in a 
list of boundary numbers corresponding to a Selection Input object.
To make it possible to directly select a boundary by clicking on it, you can link a 
graphics object to an Explicit selection, as shown in the figure below. Select the 
Explicit selection and click Use as Source. In the figure below, there are two Explicit 
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selections, Excitation Boundary and Exit Boundary, and the graphics object 
graphics2 is linked to the selection Excitation Boundary.

When a graphics object is linked directly to a selection in this way, the graphics 
object displays the geometry and the user can interact with it by clicking on the 
boundaries. The boundaries will then be added (or removed) to the 
corresponding selection.
To make it possible to select by number, you can link a Selection Input object to 
an explicit selection. For more information, see “Selection Input” on page 323.
The Editor Tools window provides a quick way of adding a Graphics object or a 
Selection Input object that is linked to an Explicit selection. To get these options, 
right-click an Explicit selection node in the editor tree.
You can also let a global Event be triggered by an Explicit selection by selecting it 
as the Source for Data Change Event. This allows a command sequence or method 
to be run when the user clicks a geometry object, domain, face, edge, or point. 
For more information on using global events, see “Events” on page 155 and 
“Source For Data Change Event” on page 157.
For an example of how to use selections in an add-in, see the Application 
Programming Guide.

DATA PICKING

In the Settings window for a graphics object, select the Data picking checkbox to 
make the graphics object interactive so that you can, for example, click on a plot 
at a particular point and retrieve a numerical value for the temperature at that 
coordinate. In the figure below, in the section Target for Data Picking, a scalar 
double variable Tvalue is selected. This variable is declared under the Declarations 
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node. In the running application, the value of the temperature at the pointer 
position will be stored in the variable Tvalue.

If the Target for Data Picking is a 1D double array, then the stored value will instead 
correspond to the x, y (2D) or x, y, and z coordinates at the clicked position.
The Target for Data Picking can be any one of the following:
• Scalar double variable
• 1D double array
• Domain Point Probe
• Boundary Point Probe
• Graphics Data declaration

For more information on Graphics Data declaration, see “Graphics Data” on page 
187.
 | 99



Input Field

An Input Field allows a user to change the value of a parameter or variable. In the 
Form Wizard, when a parameter or variable is selected, three form objects are 
created:
• A Text Label object for the parameter or variable description.
• An Input Field object for the value.
• A Unit object (if applicable) that carries the unit of measure.

By selecting a parameter or variable using the Editor Tools window, the same three 
form objects are created.
Assuming you do not use the Editor Tools window: To insert an input field as a 
separate form object, click the Input Field button in the Form Objects section of the 
ribbon Form tab. In the Form Editor, you link an input field to a certain parameter 
or variable by selecting it from the tree in the Source section and click Use as Source. 
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In the Source section of the Settings window, you can also set an Initial value. The 
figure below shows the Settings window for an input field.

In addition to parameters and variables, input fields can use an Information node 
variable as a source, provided the Editable checkbox for the input field is cleared.
The default setting for the Initial value is From data source. This means that if the 
source is a parameter, then the initial value displayed in the input field is the same 
as the value of the parameter as specified in the Parameters node in the Model 
Builder. The other Initial value option is Custom value, which allows an initial value 
different from that of the source. If the Editable checkbox is cleared, then the Initial 
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value will be displayed by the application and cannot be changed. This makes it 
possible to use an Input Field an alternative to, for example, a Text Label object for 
displaying text or a Data Display object for displaying numerical values.
You can add a Tooltip with text that is shown when hovering the mouse pointer 
over the input field.
The header of the Source section contains buttons for easy access to tools that are 
used to make additional properties and variables available as sources to the input 
field.

The Create New Declaration and Use It as Source button can be used to add new 
variables under the Declarations node. For more information, see “Declarations” 
on page 165. The Create New Form Declaration and Use It as Source button can be 
used to add new variables under the Declarations nodes local to forms, as shown 
below.

The Switch to Model Builder and Activate Data Access button can be used to access 
low-level model properties as described in the next section. For more information 
on Data Access, see “Data Access in the Form Editor” on page 111.
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DATA VALIDATION

The Data Validation section of the Settings window for an input field allows you to 
validate user inputs with respect to units and values.

When creating an input field in the Form Wizard, the setting Append unit to 
number is used when applicable. This setting assumes that a user enters a number 
into the input field, but it can also handle a number followed by a unit using the 
COMSOL square bracket [] unit syntax. If the Unit expression is mm, then 1[mm] 
is allowed, as well as any length unit, for example, 0.1[cm]. An incompatible unit 
type will display the Error message. A parameter that has the expression 1.23[mm], 
and that is used as a source, will get the appended unit mm and the initial value 
displayed in the edit field will be 1.23.
The Unit dimension check list has the following options:
• None

• Compatible with physical quantity

• Compatible with unit expression

• Append unit to number (default)
• Append unit from unit set

A yellow squiggly underline indicates a warning when a user enters an 
incompatible unit, which is a unit that cannot be converted to the units specified 
in the Data Validation settings. Enable this feature by selecting Compatible with 
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physical quantity or Compatible with unit expression. In addition, the user will see 
a tooltip explaining the unit mismatch, as shown in the figure below.

If there is a unit mismatch, and if no further error control is performed by the 
application, the numeric value of the entered expression will be converted to the 
default unit. In the above figure, 9[kg] will be converted to 9[m].
A button Add Unit Label is available to the right of the Unit dimension check list. 

Clicking this button will add a unit label to the right of the input field if there is 
not already a unit label placed there.
The None option does not provide unit validation.

Numerical Validation
The options Append unit to number, Append unit from unit set, and None allow you 
to use a filter for numerical validation of the input numbers.

The Filter list for the option None has the following options:
• None

• Double

• Integer

• Regular expression

The Filter list for the options Append unit to number and Append unit from unit set 
only allows for the Double and Integer options.
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The Double and Integer options filter the input based on the Lower bound and 
Upper bound values. If the input is outside of these values, the Error message is 
displayed. You can use global parameters in these fields. If global parameters are 
used, you can define such parameters with or without units. If you use global 
parameters without a unit, then only the numerical value of these parameters is 
considered. For example, consider data validation of an input field for a length 
parameter L with unit cm. Further, assume that a global parameter Lmax is used as 
the Upper bound value. If you would like the maximum value of L to be 15 cm, 
then the following values for the parameter Lmax will work: 15 (with no unit), 
15[cm], 0.15[m], 150[mm], and so on. In the Lower bound and Upper bound fields, 
you can use Ctrl+Space to browse available parameters and for autocompletion.
For the Append unit from unit set option, the Lower bound and Upper bound values 
are always with respect to the Initial value for the unit set by the unit set. For more 
information on unit sets, see “Unit Set” on page 179.
The Regular expression option, available when the Unit dimension check is set to 
None, allows you to use a regular expression for matching the input string. For 
more information on regular expressions, see the dynamic help. Click the help 
icon in the upper-right corner of a window and search for “regular expression”.
For more advanced requirements, note that virtually any kind of validation of the 
contents of an input field can be made by calling a method using the Events section 
in the Settings window of an input field.
For additional information on how to use more advanced Data Validation features 
and how to use method code to perform data validation, see the Application 
Programming Guide.

Error Message
You can customize the text displayed by the Error message. During the 
development and debugging of an application, it can sometimes be hard to deduce 
from where such errors originate. Therefore, when using Test Application, 
additional debugging information is displayed, as shown in the figure below.

The debugging information typically consists of the type of form object, the path 
to the form object, and the reason for the failure; for example, 10<=x<=2500.
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No debugging information is added when launching an application by using the 
Run Application option or COMSOL Server.

NUMBER FORMAT

The Number Format section contains a Use input display formatting checkbox. If 
selected, it enables the same type of display formatting as a Data Display object.

For more information, see “Data Display” on page 108.

APPEARANCE

In addition to color and font settings, the Appearance section for an input field 
contains a Text alignment setting that allows the text to be Left, Center, or Right 
aligned.

Whether the input field should be Visible or Enabled is controlled from the 
checkboxes under the State subsection. For more information, see “Changing the 
Enabled and Visible State of a Form Object” on page 82.
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Unit

In the Settings window for a Unit object, you can set the unit to a fixed string, or 
link it to an source, such as an input field. The figure below shows the Settings 
window for a unit object.

When adding an input field using the Form Wizard, a unit object is automatically 
added when applicable. By default, the unit is displayed using Unicode rendering. 
As an alternative, you can use LaTeX rendering by selecting the LaTeX markup 
checkbox. Then, the display of units will not depend upon the selected font.
For centralized handling of units, you can use a Unit Set. For more details, refer to 
“Unit Set” on page 179.

Text Label

A Text Label object simply displays text in a form. When adding an input field using 
the Form Wizard, a Text Label object is automatically added for the description 
text of the associated parameter or variable. There is a checkbox allowing for 
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Multiline text. If selected, the Wrap text checkbox is enabled. The figure below 
shows the Settings window for a Text Label object.

To insert an additional Text Label, click the Text Label button in the ribbon Form 
tab, in the Form Objects section. The contents of the section Position and Size will 
change depending on if you are working in sketch layout mode or grid layout 
mode.

Data Display

A Data Display object is used to display the numerical values of scalars and arrays. 
If there is an associated unit, it will be displayed as part of the Data Display object.
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The figure below shows an example with data display objects for the Derived Values 
quantities Point Evaluation and Volume Maximum. A formatted unit label is 
automatically displayed as part of the object if applicable.

In many cases, the Editor Tools window can be used to insert a Data Display object 
accompanied by a Text Label. Right-click a node in the editor tree and select the 
Output option, if available.

SOURCE

To add a Data Display object without using the Editor Tools window, open the 
Settings window for a data display object. In the Source section, select a node from 
the model tree. Then click the Use as Source button shown below. Valid 
parameters, variables, and properties include:
• The output from a Derived Values node, such as a Global Evaluation, Point 

Evaluation, or a Volume Maximum node
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• Variables declared under the Declarations > Scalar, 1D Array, and 2D Array 
nodes

• Properties made available by using the Data Access tool; See “Data Access in 
the Form Editor” on page 111

• One of the following Information node variables, which are under the root 
node and under each Study node:
- Expected Computation Time

Under the root node, this value is specified in the Expected field in the Settings 
window of the root node.

- Last Computation Time

Under the root node: Displays the last measured computation time for the 
most recently computed study.
Under a study node: Displays the last measured computation time specific to 
that study.

- Computed in Version

Under the root node: Indicates the version of COMSOL Multiphysics used 
for the last computed study (for example, COMSOL 6.4.0.271).
Under a study node: Indicates the version of COMSOL Multiphysics used for 
the last computation of that particular study.

When you start an application for the first time, the last measured times are 
reset, displaying Not available yet.

USING THE FORM WIZARD FOR GENERATING DATA DISPLAY OBJECTS

In the Form Wizard, nodes under Derived Values, as well as variables under 
Declarations and constants made available through Data Access, will automatically 
generate Data Display form objects to present their values and Text Label form 
objects to display their descriptions.
The settings for these form objects can subsequently be edited. To insert 
additional data display objects, use the Insert Object menu in the ribbon and select 
Data Display.

NUMBER FORMAT

The Number Format section lets you set the Precision, Notation, Exponent, and Unit.

RENDERING METHOD

By default, the unit of a data display object is displayed using Unicode rendering. 
As an alternative, you can use LaTeX rendering by selecting the LaTeX markup 
checkbox. Then, the data display does not rely on the selected font.
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A formatted display of arrays and matrices is only supported with LaTeX 
rendering. The figure below shows a 2D double array (see page 174) displayed 
using a Data Display object with LaTeX markup selected.

You can add a Tooltip with text that is shown when hovering over the data display 
object.

Data Access in the Form Editor

The Settings window of many types of form objects has a section that allows you 
to select a node in a tree structure that includes the model tree, or parts of the 
model tree, and parts of the application tree. Examples include the Source section 
of an input field or the Choose Commands to Run section of a button. There are 
many properties in the model and application trees that are not made available by 
default, because there may be hundreds or even thousands of properties, and the 
full list would be unwieldy. However, these “hidden” properties may be made 
available to your application by a technique called Data Access.
The remainder of this section gives an introduction to using Data Access, with 
examples for input fields and buttons.

DATA ACCESS FOR INPUT FIELDS

By default, you can link input fields to parameters and variables defined in the 
model tree under the Parameters or Variables nodes and to variables declared in 
the application tree under the Declarations node. To access additional model tree 
node properties, click the Switch to Model Builder and Activate Data Access button 
in the header of the Source section of the input field Settings window, as shown in 
the figure below.
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You can also access it from the Application group of the Developer tab in the Model 
Builder workspace

or from the Home tab in the Application Builder workspace.

Then, when you click on a model tree node, checkboxes appear next to the 
individual settings. In the figure below, the checkbox for an Electric potential 
boundary condition is selected:
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The figure below shows the Settings window for an input field. The list of possible 
sources for this field now contains the Electric potential.

In addition, as shown in the figure above, Data Access allows you to access the 
Editable checkbox and the Tooltip text of the input field form object. This follows 
a general pattern: Beyond the settings in the Model Builder, Data Access provides 
access to certain properties within the Application Builder.
Data Access can be used for buttons to set the value of a parameter, variable, or a 
model property. For example, you can create buttons for predefined mesh element 
sizes. The settings shown in the figure below are available when, in the Settings 
window of the Mesh node, the Sequence type is set to User-controlled mesh. In this 
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example, the Predefined property for Element Size has been made available and then 
selected.
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The figure below shows the Settings window for a button used to create a mesh 
with Element Size > Predefined set to Fine.

In the above example, a Set Value command is used to set the value of the 
Predefined mesh size (hauto) property. The property Predefined mesh size (hauto) 
corresponds to the following settings in the Size node shown earlier:

The value of the hauto property is a double and can take any non-negative value. 
For non-integer values, linear interpolation is used for the custom mesh 

PREDEFINED MESH SIZE VALUE

Extremely fine 1

Extra fine - Extra coarse 2-8

Extremely coarse 9
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parameters. You can, for example, let a slider object adjust the predefined mesh 
size. For more information on the slider object, see “Slider” on page 338.
In general, for individual model tree properties, you can quickly learn about their 
allowed values by recording code while changing their values and then reviewing 
the automatically generated code. For more information, see “Recording Code” 
on page 201.
You can also use a combo box object to give direct access to all of the options from 
Extremely fine through Extremely coarse. For more information, see “Combo Box” 
on page 255.

SUMMARY OF DATA ACCESS

The table below summarizes the availability of Data Access for form objects and 
events, as well as menu, toolbar, and ribbon items.

FORM OBJECT, EVENT, OR ITEM SECTION IN SETTINGS WINDOW

Input Field Source

Button Choose Commands to Run

Toggle Button, Menu Toggle Item, 
and Ribbon Toggle Item

Source and Choose Commands to Run

Checkbox Source

Combo Box Source

Data Display Source

Graphics (Graphics Toolbar Item) Choose Commands to Run

Form Collection Active Pane Selector

Tiled or Tabbed

Card Stack Active Card Selector

Information Card Stack Active Information Card Selector

Radio Button Source

Text Source

List Box Source

Slider Source

Toolbar and Form Toolbar 
(Toolbar Item)

Choose Commands to Run

Menu Item Choose Commands to Run

Ribbon Item Choose Commands to Run

Event (Global) Choose Commands to Run

Source for Data Change Event
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A global event, menu, ribbon, or toolbar item provides a Choose Commands to Run 
section in its Settings window, to which the functionality described above in the 
section on buttons also applies. Global events and many form objects provide a 
Source section in its Settings window, and the functionality described above in the 
section on input fields applies. For information on global events, menus, ribbons, 
and toolbar items, see “Graphics Toolbar” on page 89, “The Main Window 
Editor” on page 142, “Events” on page 155, “Table” on page 332, and “Toolbar 
and Form Toolbar” on page 344.

Sketch and Grid Layout

The Form Editor provides two layout modes for positioning form objects: sketch 
layout mode and grid layout mode:
• Sketch layout mode allows you to define fixed positions and sizes for objects 

in pixels. This mode is typically used for simpler layouts, such as dialog 
windows.

• Grid layout mode positions and sizes objects based on a background grid 
with cells. In this mode, a form is divided into intersecting rows and 
columns, with at most one form object per intersection. This layout mode is 
recommended for designing resizable user interfaces, especially for 
applications intended to run in web browsers across multiple platforms.

SKETCH LAYOUT

Switch between sketch and grid layout mode by clicking Sketch or Grid in the 
Layout group in the ribbon Form tab.
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The Sketch section in the Form tab has two options: Show Grid Lines and Arrange. 
The Arrange menu allows you to align groups of form objects relative to each 
other. 

Sketch Grid
The Show Grid Lines option displays a sketch grid to which objects are snapped. 
Note that the grid used in sketch layout mode is different from the grid used in 
grid layout mode. The default setting for sketch layout mode is to show no grid 
lines. Without grid lines visible, a form object being dragged is snapped relative to 
the position of the other form objects.
If the Show Grid Lines option is selected, the upper left corner of a form object 
being dragged is snapped to the grid line intersection points.
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In the Settings window of the form, you can change the settings for the sketch 
grid:
• Column width

• Row height

• Align grid to margin

• Snap zone

- A slider allows you to change the snap zone size from Small to Large
• Snap only to grid

- Clear this checkbox to snap both to the grid and the position of other form 
objects

Position and Size
The sketch layout mode is pixel based, and the positioning of form objects is 
indicated as the coordinates of the top-left corner of the form object measured 
from the top-left corner of the screen. The x-coordinate increases as the object 
moves to the right, and the y-coordinate increases as the object moves from the 
top of the screen to the bottom. You can set the absolute position of a form object 
in the Position and Size section of its Settings window. 

Form objects are allotted as much space as required or as specified by their Width 
and Height values. Form objects are allowed to overlap, when working in sketch 
layout mode.
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Button and toggle button form objects, with their Size setting set to Large, have 
an Automatic and Manual option for the Width and Height values. The Manual 
option allows for pixel-based input and the Automatic option adapts the size of the 
button to the size of the Text string.

GRID LAYOUT

Switch to grid layout mode by clicking Grid in the Layout group in the ribbon.

The buttons and menus in the ribbon Grid group give you easy access to 
commands for:
• Changing the row and column growth rules between Fit, Grow, and Fixed, 

which determine the layout when the user interface is resized (Row Settings 
and Column Settings).

• Inserting or removing rows and columns (Insert and Remove).
• Aligning form objects within grid cells (Align).
• Merging and splitting cells (Merge Cells and Split Cells).
• Extracting a rectangular array of cells as a subform and inserting it into a new 

form (Extract Subform).
• Defining the number of rows and columns (Rows & Columns).
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The Form Settings Window and the Grid
After switching to grid layout mode, the form window shows blue grid lines.

To review the example shown here, open the Tuning Fork application from the 
Application Libraries under COMSOL Multiphysics > Applications.
To define the number of rows and columns, click the Rows & Columns button in 
the ribbon.
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The section Grid Layout for Contained Form Objects in the Settings window shows 
column widths and row heights.

To interactively select a form, as displayed in the Form Editor, click the top-left 
corner of the form, or select the form in the application tree.

A blue frame is now shown. To interactively change the overall size of a form, you 
can drag its right and bottom border. The form does not need to be selected for 
this to work.
Note that if you switch from sketch to grid layout mode, all rows and columns will 
have the setting Fit and the handles for the frame will not be displayed. If any of 
the rows and columns have the Height or Width setting set to Grow, then the frame 
will display handles for resizing in the vertical or horizontal direction, respectively.
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The size of the interactively resized frame will affect the initial size of the form only 
if the Initial size setting is set to Automatic. The size of the frame will also affect the 
initial size of the Main Window if its Initial size setting is set to Use main form’s size.

Rows and Columns
Click the leftmost cell of a row to select it. The leftmost cells are only used for 
selecting rows; form objects cannot be inserted there. When a row is selected, the 
Row Settings menu as well as the Insert and Remove commands are enabled in the 
ribbon tab. The figure below shows the fourth row highlighted.
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Similarly, to select a column, click the cell at the top. This cell cannot contain any 
form objects. The figure below shows the third column highlighted. In this case, 
the Column Settings menu is enabled in the ribbon tab.

The Row Settings and the Column Settings have the same three options:
• Fit sets the row height or column width to the smallest possible value given 

the size of the form objects in that row or column.
• Grow sets the row height or column width to grow proportionally to the 

overall size of the form.
• Fixed sets a fixed value for the number of pixels for the row height or column 

width.

You can interactively change the row height and column width by dragging the 
grid lines.

In this case, the number of pixels will be displayed and the Row Settings or Column 
Settings growth policy will be changed automatically to Fixed.
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