
Week 2: QuickField Fundamentals

How to start QuickField and solve a simple problem of electrostatics.

1. Create the problem. Choosing the formulation

2. Draw the geometry by vertices, segments and arcs. Make the problem closed, 
when needed

3. Assign names to geometry shapes: all blocks, some edges, some vertices

4. Set up the material property, boundary conditions, field sources

5. Achieving optimal accuracy: control the mesh density (manually or 
automatically)

6. Analyzing the solution: field picture, local values, integral values, XY-plots, tables

7. Remember the field theory: how to calculate the capacitance
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Getting started: the QuickField windows
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Getting started: Create a new problem
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Think twice: Choose the proper problem formulation 
(a subset of Maxwell equations)

1. Create the new problem and name it 2. Select the problem formulation



The Problem
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Problem name

Location

Make a copy?



Problem Properties
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Formulation: Electrostatic field

Geometry class: Plane-parallel 2D 

problem

Length in the 3rd dimension (out of plane)

Links to referred files:

Geometry

Data

Background data



Choosing the Model Class
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How the 2D geometry extends in 3D world

3. Choose the Model Class: Plane-parallel or Axisymmetric

Axisymmetric:
1. With axisymmetric problems the rotation axis

is always horizontal coordinate axis OZ

2. You only draw the cross-section of axisymmetric 

geometry above the rotation axis OZ

Plane-parallel:
1. Most of physical values are per 1 meter of axial 

length (in Z-direction)

2. You may define the axial length of the model. 

If you do that, QuickField calculates all integral 

quantities with respect to given Z-length



Getting started: Understand model classes
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You draw:

1. Circle

2. Semicircle

3. Rectangle

You get: Or:



Working with the Model editor
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Working with the Model editor
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Primitive How to add

Vertex Left mouse button (LMB): double click

Line LMB: Click – Drag – Release

Arc Choose or enter the central angle, then

LMB: Click – Drag – Release

Polygon Detected automatically

To add any geometry shape first switch to Insert mode:

use toolbar button or INS key



Working with the Model editor
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1
1

Snap to the background grid



Using the Shape Inserting Tool
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Shape

Sizing

Positioning



Draw the plane capacitor
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X

Y

d

h

Parameter Notation Value

Distance between plates d 5 mm

Height h 10 mm

Axial length ZL
20 mm

Dielectric permittivity ε 4

Our first problem to solve is the plane capacitor. 

We want to know its capacitance

ε ε0

Formulation: Electrostatic field

Geometry class: Plane-parallel 2D problem



Draw the plane capacitor
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1. Open the model editor 2. Draw the rectangle (capacitor), and 

the circle (artificial outer boundary)



Making the problem bounded
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1. Add the artificial outer boundary 2. Replace the discarded part of the universe 

with the boundary condition
Material properties: Boundary conditions:



Draw the plane capacitor (cont.)
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X

Y

d

h

Parameter Notation Value

Distance between plates d 5 mm

Height h 10 mm

Axial length ZL
20 mm

Dielectric permittivity ε 4

The simplest way is starting with creating 4 vertices
using the Edit / Add Vertices command:

1. Draw the capacitor’s cross-section

ε ε0



Now set up the physical data
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2. Set material property 

for block labels
3. Set Dirichlet or Neumann 

boundary condition

1. Activate

label properties



Working with the Field picture
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The calculation results may be presented as:

1. Field Lines 2. Vectors 3. Color map



Field postprocessing
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4. XY-Plot 5. Table



Field postprocessing: Get Numbers

WEEK 2 AND 3. QUICKFIELD FUNDAMENTALS & ELCTROSTATICS 20

6. Local values 7. Integral values



Calculation Capacitance
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By Charge and Voltage By Energy and Voltage

𝐶 =
𝑞

𝑈

Where:
C is the capacitance,
q  is the total charge of one 
conductor,
U is the potential difference     

between conductors

𝐶 =
2𝑊

𝑈2

Where:
C is the capacitance,
W is the total energy of electric field,
U is the potential difference     

between conductors



Calculation Capacitance
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By Charge and Voltage By Energy and Voltage

Theory By Charge and Voltage By Energy and Voltage

mm 1000

ε0 8.8542E-12 F/m Qs 1.6499E-12 C W 8.24E-13 J

ε 4.0000 ΔU 1 V

d 5 mm

h 10 mm

L 20 mm

S 0.0002 m2

C 1.4167E-12 F C 1.6499E-12 F C 1.6474E-12 F

1.4167 pF 1.6499 pF 1.6474 pF



What Next?
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1. Give the charge, measure the voltage (q -> U)

2. Benefit from problem symmetry. 

How to modify boundary conditions?

3. How to know the maximal electric field? 

Make the model a bit more realistic.

4. What if we have more than two conductors?

Calculation of the capacitance matrix.

5. How to apply an external field?

A trick with coordinate dependent Dirichlet boundary condition.

6. ELECTROSTATIC SUMMARY:

Equation, boundary  conditions, calculated field quantities



Calculation Capacitance
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Give the charge, measure voltage

X

Y

d

h

ε ε0

-q +q The conductor’s 
potential is equal 

(as with any conductor), 
but its value is unknown

We assign the known charge to any vertex, belonging to the 
conductor.

The conductor itself is describer as a floating conductor.
Its potential is subject to calculation

Assigning the charge we have to use the value per 1m of length,
no regards of the actual model length ZL
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Calculation Capacitance

Employ the symmetry

X

Y

d

h

ε ε0
X

Y Vertical wall is 
equipotential:

Uvert=0 
(zero Dirichlet condition)

Horizontal wall is normal to 
the equipotential lines:

(zero Neumann condition)

0=




n

U

Removing a part of geometry, 
we have to take into account the removed part 
by appropriate boundary condition
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Using the Capacitance Wizard

1. Welcome

2. Electrodes

3. Charge/Energy

4. Results

PAGES:



Maximal Electric Field
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Field E near the sharp edge is theoretically infinite big 

X

Y

h
/2

ε ε0

Y

X

Y

h
/2

ε ε0

Y
Sharp Rounded

R=0.4 mm



Maximal Electric Field
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The mesh density 

near the rounded 

corner 

is vitally important for 

accuracy of E-field
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3. Calculated quantities: Capacitance matrix

Electrostatics: Summary

What is the capacitance when we have more than one conductor?

𝑞0
𝑞1
𝑞2

=

𝛽00 𝛽01 𝛽02
𝛽10 𝛽11 𝛽12
𝛽20 𝛽21 𝛽22

⋅

𝑈0
𝑈1
𝑈2

Electrostatic induction coefficients
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3. Calculated quantities: Capacitance matrix

Electrostatics: Summary

Two equivalent forms of the capacitance matrix

𝑞0
𝑞1
𝑞2

=

𝛽00 𝛽01 𝛽02
𝛽10 𝛽11 𝛽12
𝛽20 𝛽21 𝛽22

⋅
𝑈0
𝑈1
𝑈2

Electrostatic induction coefficients

𝑞0
𝑞1
𝑞2

=

𝐶00 𝐶01 𝐶02
𝐶10 𝐶11 𝐶12
𝐶20 𝐶21 𝐶22

⋅

𝑈0 𝑈0 − 𝑈1 𝑈0 − 𝑈2
𝑈1 − 𝑈0 𝑈1 𝑈1 − 𝑈2
𝑈2 − 𝑈0 𝑈2 − 𝑈1 𝑈2

Self- and mutual partial capacitances

Βnk can be negative Cnk is always positive
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Capacitance matrix

Energy

βij

Cij
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We want to model a dielectric sphere 
in an uniform electric field E = 5 V/m

𝐄 = grad𝑈 ⇒ 𝐸𝑧 =
𝜕𝑈

𝜕𝑧

Setting U=5z on the all outer 
boundary, 
we obtain Ez = d(5z)/dz = 5 V/m

U = 5*z

ε

ε0

Applying external field by Dirichlet boundary condition
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Analytical solution for the 

E-field inside the sphere:

Electrostatics: 
Summary

𝐸𝑧 = 𝐸0
3𝜀0

2𝜀0 + 𝜀𝑠𝑝ℎ𝑒𝑟𝑒
=

= 5
3

2 + 4
= 2.5

𝑉

𝑚
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Electrostatics: Summary

div 𝜀 ⋅ grad𝑈 = −𝜌 Poisson equation 
(coordinate independent form)

𝜕

𝜕𝑥
𝜀𝑥
𝜕𝑈

𝜕𝑥
+

𝜕

𝜕𝑦
𝜀𝑦
𝜕𝑈

𝜕𝑦
= −𝜌 In Cartesian coordinates (x, y)

1. The Poisson Equation

In cylindrical coordinates (r, z)
1

𝑟

𝜕

𝜕𝑟
𝜀𝑟𝑟

𝜕𝑈

𝜕𝑟
+

𝜕

𝜕𝑧
𝜀𝑧
𝜕𝑈

𝜕𝑧
= −𝜌
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Electrostatics: Summary

Dirichlet Condition: the known potential 
(may depend on coordinates)

Neumann condition: the known value of 
normal potential gradient

2. Boundary Conditions

Floating conductor:
A special type of Dirichlet condition

𝑈 = 𝑈0 𝑥, 𝑦

𝐷𝑛 = 𝜀
𝜕𝑈

𝜕𝑛
= 𝜎 𝑥, 𝑦

𝑈 = 𝑐𝑜𝑛𝑠𝑡 = 𝑢𝑛𝑘𝑛𝑜𝑤𝑛
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3. Calculated quantities: Locals

Electrostatics: Summary

𝐄 = −grad𝑈

𝐃 = 𝜀𝐄

𝑤 =
𝐃 ⋅ 𝐄

2

Energy 
density

Displacement

Strength


