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DOWNLOAD DIRECTORY FOR MATLAB SCRIPTS

The following mscripts are used to plot the potential and electric field in a [2D] space for
different configurations of charged circular disks. It is difficult to write one mscript to model
different charge distributions, therefore, each mscript is used basically for one charge
distribution. In the plotting of the electric field lines you always need to check that the
number of field lines converging or diverging to a charged object is related to the size of the
charge. Where possible, you should always check your code by comparing numerical values
calculated from the program with theoretical calculations. Numerical values can be checked
in the Command Window and by using the Data Cursor tool in a Figure Window. Download
and inspect the mscripts and make sure you can follow the structure of the programs.

The charge configuration is specified in the INPUT section of the mscript.

simpsonld.m

[1D] computation of an integral using Simpson’s rule. The function to be integrated
must have an ODD number of the elements.
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cemVEO1l.m

Example 1

Single charge +Q or —Q at the origin of the [2D] space

Calculation of the potential between two points by the evaluation of the line

integral of the electric field

cemVEO2.m

cemVEO3.m

cemVEO4.m

cemVEO5.m

cemVE06.m

cemVEO7.m

cemVEO8.m

cemVE09.m

cemVE10.m

Example 2
Electric dipole [2D]

Example 3

Two charges of equal magnitude and same sign

Example 4

Two charges of unequal magnitude and opposite sign

Example 5

Two charges of unequal magnitude and same sign

Example 6
Three charges at the corners of an equilateral triangle
Example 7

[2D] quadrupole — four charges of equal magnitude and alternating sign
lying on the corners of a square

Example 8

[1D] quadrupole of 3 charges in a straight lines -q +2q -q

Example 9

4 equal charges at the corners of a square

Example 10

Model of a short capacitor
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Related documents

Calculation of the line integral

v =jf|§-d[

Method of images

Testing Gauss’s Law

_>. _':qencose
EEﬁE dA —; d
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We can solve problems and visualize electric fields and electrical potentials due
to various charge distributions very easily using Matlab.

From basic electrostatic theory, the electric field E at position R duetoa

charge Q, located at position le is given by Coulomb’s Law

- 1 -
1  ER-——2 (R-R)
4r g, ‘R _ Rl‘
When there are many charges, the electric field is given by the vector sum of
the electric field due to each individual charge. Therefore, to find the resultant

electric field due to N charges, it is best to add the x, y and z components of
the electric field due to each charge

N
Q (X_Xc)
E,(x,y,2) = - -
CZ:;MEO R-R

(2) Ey(x,y,z):z47?; (Ry_;’c)

N—"

Ez(xlylz):i QC ~ _.c3
—147& |R-R

The electrical potential V (X, Y, z) at position R(X,Y,2) due to the N charges is

Q
dr g, ‘Ii - Iic

B) V2=

Equations 1 to 3 are also valid for spherical charged conductors. In the Matlab
mscripts we will consider charges located in a [2D] plane and compute the
potential and electric field only in this XY plane. The charges correspond to
charged circular objects of radius a.

TOP Doing Physics with Matlab 4



http://www.physics.usyd.edu.au/teach_res/mp/mphome.htm

By inspecting equation 2 and 3 you see immediately there are problems in
graphing the electric field and the potential

e R-R —>0 E, >0 V5o
0
e X-X, R-R, -0 E, —>6? same for the y and z components

e Asthe electric field falls rapidly with increasing distance from a charge, it
is often difficult to show graphically the vector field.

To overcome the above problems, in the Matlab mscripts, the following are
implemented in the code:

e The values for the electric field and potential are assigned to saturation
values when ‘E‘ >E, >E=E, and N[>V, —>N|=V,

e |f the measurement point R is too close a point charge Iic the
separation distance is assigned to a minimum separation distance minR.
e If x—x,—0 and y-y, — 0 then the separation distances for the
components are also set to minimum values x—x, — minRx and
X — X, — MinRy.

We also have another problem that must be addresses and that is in the
drawing of the electric field lines. Electrostatic field lines start on a positive
charge or at infinity and end on negative charge or at infinity. Plots showing
electric field line patterns typically have the properties

1. Tangents to the electrostatic field lines are everywhere parallel to the
electric field.

2. The density of the electric field lines is proportional to the strength of
the electric field.

3. All points on an equipotential surface (or contour for [2D]) are at the
same electrostatic potential.

4. The electrostatic field lines are perpendicular to equipotential surfaces
(contours in [2D]) at every point: E=-VV.

5. A positive test charged placed in the electric field would move along an
electric field line in the direction of lower potential.
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In the Matlab mscript the streamline command is used to draw the electric
field lines by specifying the starting point for each streamline (electric field
line). The streamlines are drawn from a starting point to other points that are
always in the direction of the lowest potential. For example, twice as many
lines must start on a +2 charge as on a +1 charge. For a negative charge, then
the electric field components are reversed in the streamline command.

It would be difficult to write one program for many different charge
distributions. So, for each different charge distribution we will use a separate
mscript. The mscript are basically the same but different coding is used for the
graphics, especially the plotting of the electric field lines. Shown below are
examples of the graphs of the potential and electric fields for a number of
charge distributions. It is an easy task for you to create your own mscripts for
other charge distributions.
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Example 1 Single charge at the origin

cemVEO1l.m

Q =20x10° C

Q =-20x10° C

potential

0.8

0.7

vV [V]

0

. -0.51

A
2

potential

x [m]

-0.1

-0.2

-0.3

04 —

-05 —

-0.6

-0.7

-0.8

potential

y [m]

potential

y [m]

A

-1 0 1 2
x [m]

-0.2
-0.3
-0.4
-0.5 %
-0.6
-0.7

-0.8

=0 =04 0.81 =12 —16

Potential profiles for different y values

—

=0 =04 0.81 =12 —16

Potential profiles for different y values
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Q =20x10° C

Q =-20x10° C

electric field | E |

electric field | E |

4 4
3.5 3.5
— 3 —
6 £ 6 £
— 5= — =
E4 = E4 =
> w > w
w w
0 0
-2 -2
m m
X [m] -2 [ ] X [m] -2 [ ]
) electric field | E | ) electric field | E |
1 : 1
— E | - €
E, °2 | E, ]
=3 =3
o o
-1 -1
-2 -2
- -1 1 2 - -1 1 2
x [m] x [m]
|—0—04 —081 —1.2 — 18] |—0—04 —081 —1.2 — 18]
. | E | profiles for different y values . | E | profiles for different y values
4 4
E E
>3 >3
= =
—2 —2
w w
1 1
D s s D s s
-2 -1 0 1 2 -2 -1 1 2
x [m] x [m]
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Q =20x10° C Q =-20x10° C
potential - potential -
0.8 2
15 -0.2
or . T 03
08 ! ol \ .
05 = e / ////j";%‘:\\\\ \ -0.4~
s e, [ (1R \ 05 2
N - \ 2 ) >
05 \\\EZ/// 06
' o=
e /
K -0.7
\\\\_\__ﬂ/
15 -0.8
-2
-2 -1 ] 1 2
x [m] x [m]
electric field lines (white)
5 direction of scaled E at grid points 5 direction of scaled E at grid points
NANNANNANN Rt HE Tt s
NN
- NN R Y 15 \\\::\t“”’jhu/,/
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1 [NENENE N N N Y T B B A A AV e 1 \\\\\: \\I‘;///{/‘,_,
L L LU T I A nx\\\\t\\liff/////r
P LU U B R A R HH.\\\\\\\';////,/(,
0.5 N N LT U B i e 0.5 hnﬁhﬁ\\\{:j/{/,,,’,
—_ T P — - o e ———
E D- e = = B S e - — 4 E D- —.—.—.—.—D—.—t—.‘.—‘—.—‘—.—.—.—.—
= —————— ey N e e e — = —— i e T e e e e e e
- [ e VA BN e
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i EAAAAAAS RS IINNNNNNN AS[ s s 2P 1PV AANY AN
RN Y AR EERETNNNNN , PP YSEEEEE N EER SN
-2 15 1 0.5 ] 05 1 15 2 -2 15 1 0.5 ] 05 1 15
x [m] x [m]
Numerical values can be determined from the 5 potential
Command Window or using the Data cursor in X:-0504 02
a Figure Window. 1 . Level: -0.1475 03
04
Example: X=-0.8040 m y=0.9160 m _ =
£ 05 2
==
x(300) = -0.8040 y(730) = 0.9160 06 =
xG(730,300) = -0.8040 yG(730,300) = 0.9160 1 o7
-08
V(730,300) = -1.4749x10°> V 2
-2 -1 0 1 2
E(730,300) = 1.2101x10°> V.m* X [m]
Ex(730,300) = 7.9825x10* V.m™*
Ey(730,300) = -9.0945x10* V.m™
direction E: @ = -48.7256°
N.B. the indices in the [2D] arrays for x and y.
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Calculation of the potential between two points by the evaluation of the line
integral of the electric field

V, =—["E-dL

h
View document on the computation of the line integral of E

http://www.physics.usyd.edu.au/teach res/mp/doc/cemVEB.pdf

In the evaluation of the integral, the integrand must have an odd number of
elements. The coordinates of the two points at are determined by specifying
the indices for the x and y arrays.

The numerical values for the line integral and the potential difference V,-Vi are
displayed in the command Window.

x1 = 0.200 m yl = -1.760 m

Vl = 1.015e+05 V E1 = 5.729%9e+04 V/m
%2 = 1.040 m y2 = 1.160 m

V2 = 1.154e+05 V E2 = 7.406e+04 V/m

dV from calculation of potentials
V2 - V1 = 1.390e+04 V
dV from calculation of line integral E.dL

V21 = 1.390e+04 V
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Section of the mscript cemVEO1.m

% Calcuation LINE INTEGRAL Nxl Nx2 Nyl Ny2 must all be ODD numbers

Nx1 = 551; Nx2 = Nx1 + 210; % must add an EVEN number

Nyl = 61; Ny2 = Nyl + 730; % must add an EVEN number

f = Ex(Nyl,Nx1:Nx2); % £ must have an ODD number of elements
sx1l = x(Nx1); sx2 = x(Nx2);

Vx = -simpsonld(f,sxl,sx2);

f = Ey (Nyl:Ny2,Nx2)"';
syl = y(Nyl); sy2 = y(Ny2);

Vy = -simpsonld(f,syl,sy2);

V21 = Vx + Vy;

dv = V(Ny2,Nx2) - V(Nyl,Nx1);

disp (' ")

fprintf ('xl = $2.3f m',sx1l);

fprintf (' vyl = %$2.3f m\n',syl);

fprintf ('Vl = $2.3e V', V(Nyl,Nx1l));

fprintf (' El = %$2.3e V/m\n',E(Nyl,Nx1));
disp (' ")

fprintf('x2 = %2.3f m',sx2);

fprintf (' v2 = %$2.3f m\n',sy2);
fprintf ('V2 = $2.3e V', V(Ny2,Nx2));

fprintf (' E2 = %2.3e V/m\n',E(Ny2,Nx2));
disp (' ")

disp('dv from calculation of potentials ")
fprintf (' V2 - V1l = %2.3e VA\n',dv);
disp('dV from calculation of line integral E.dL ),
fprintf (' V21 = %2.3e V\n',V2l);

disp (' ")

disp (' ")
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Example 2: [2D] ELECTRIC DIPOLE cemVEO2.m

An electric dipole consists of two separated charges of equal magnitude but of
opposite sign. The traditional analytical approach is to assume that the
separation distance of the charges is much smaller than the distance of the

1

detection point from the dipole. In this approximation V o« iz and E oc —.

r r
However, using the superposition principle where the fields are added at the
detection point, this approximation does not have to be used, and the
variation in the fields with distance from the dipole can be examined from the
plots using the Data Cursor or from numerical results displayed in the
Command Window.

potential
0.8

0.6
0.4

0.2

VoMV ]

vV [V]

-0.2

-0.4

-0.6

-0.8

x [m] 2 2 ym

potential

y [m]

VoO[MV]

x [m]

The closer the spacing of the potential contours the greater the electric field

strength E=-VV :_£8_| +—]
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=0 =04 0.81 =12 —16

Potential profiles for different y values

0.5

V [MV]

-0.5

[a%]

-
]
=y
3%

x [m]

|—0—04 —081 —1.2 — 18]

| E | profiles for different y values

|E| [MV/m]
(3] (9% =S o

=y

=

From the Command Window
y(501) > 0 x(686) = 0.7400 x(871) = 1.48 x(871)/x(686) =2
V(501,686) = - 6.0401x10°> V/(501,871) > - 9.2638x10°
V(501,686) /V(501,871) > 6.5
E(501,686) = 3.0038x10° E(501,871) = 1.4132x10°
E(501,686) / E(501,871) - 21.3

From the numbers, you can see that in doubling the distance from the centre
of the dipole along is axis (y = 0), there is a dramatic decreasing in the potential
and electric field. This is because the effects of the positive charge cancels the
effects of the negative charge to some extent.
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electric field | E | potential

2

y [m]
[ MV/m ]
m]

[E|

) -2 -1 0 1 2 -2 -1 0 1 2
x [m] x [m]

In the plot on the right above, the electric field lines (in white) are
superimposed upon the plot of the potential. The direction of the electric field
anywhere on an electric field line is from the region of higher potential to
lower. It is not so easy to place an arrow on the electric field lines using the
Matlab streamline function.

The plots below show quiver plots for the electric field. In left plot the arrow
length is proportional to the electric field. In the plot on the right, each arrow
has a unit length.
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Example 3: Two charges of equal magnitude and same sign

cemVEO3.m
potential
-0.2
0 -0.3
-0.4
> >
-08
-1l
-07
-2
2
0 0 -0.8
xm 22y m
potential
2 0.2
0.3
0.4
E 0.5 g
> 06 >
0.7
0.8
—0 —04 081 =12 ——16 [—0—04 0.81 —1.2 — 1.6
Potential profiles for different y values ; | E | profiles for different y values
-0.2 4
— E
2 0471 S 3
= =
= -06f —2
w
0.8} 1
-1 0 e ¢ — ]
-2 -1 0 1 2 -2 -1 0 1 2
x [m] x [m]
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Example 4: Two charges of unequal magnitude and opposite signs

cemVEO4.m
Q1) =+ 20x10° C Q(2) =- 60x10° C
potential
2
4
5 1
::' 0+ 0 %
> =
2
-1
-4
2
2
0 0 -2
2 .2
x [m] y [m]

potential

-2 -1 0 1 2
x [m]

TOP Doing Physics with Matlab 17



http://www.physics.usyd.edu.au/teach_res/mp/mphome.htm

Q(1) =+20x10° C Q(2)=-60x10° C

=0 —04 081 =——1.2 —16

Potential profiles for different y values

ot
-3
-2 -1 0 1 2
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Q(1) =+20x10° C  Q(2) = - 60x10° C

electric field | E |

x [m] 2 2

electric field | E |

12

10

[E| [MVW/m]

|E] [MVim]
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Q(1) = +20x10° C  Q(2) = - 60x10° C
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Example 5: Two charges of unequal magnitude and same sign

cemVEQ5.m
Q(1) =+20x10° C Q(2) =+ 60x10° C
potential -
125
3 2

V [V]

x [m] 2 2y [m]

potential

2.5

0.5
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Q(1) =+20x10° C Q(2)=+60x10° C

=0 —04 081 =——1.2 —16

Potential profiles for different y values
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| E | profiles for different y values
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Q(1) =+20x10° C Q(2) =+ 60x10° C

electric field | E |

E[V/m]

x [m] 2 2

electric field | E |

y [m]

12

10

[E| [MV/m]

|E] [MVim]
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+60x10° C

Q(1) = + 20x10° C  Q(2)
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Example 6: Three equal charges at the corners of an equilateral triangle

cemVEO6.m

potential

, poemd .

1 0.8

10.7

V [V]

-2

ez y [m]

potential

0.8
0.7
0.6

0.5

vV O[MV]

0.4

0.3

0.2

0.1
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electric field | E |

electric field | E |

[MV/m ]

| E|

[ MV/m ]

|El
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Example 7: [2D] quadrupole — four charges of equal magnitude and

alternating sign lying on the corners of a square cemVEQO7.m

potential

0.5
o 2
=
-05
-1
15
2
x [m] 0
y [m]
potential
E 1.5
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Potential profiles for different y values
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Example 8: [1D] quadrupole of 3 charges in a straight lines -q +2q -q

cemVEO8.m

Q(1)=-10x10° C Q(2)=+20x10° C Q(3)=-10x10°C

potential
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Q(1) =-10x10° C

Q(2) =+20x10° C Q(3)=-10x10° C

=0 =—04 08 ——12=—186

Potential profiles for different y values
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Q(1) =-10x10° C Q(2)=+20x10° C Q(3)=-10x10° C
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Q(1)=-10x10° C Q(2)=+20x10° C Q(3)=-10x10°C

direction of scaled E at grid points
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Example 9: Four equal charges at the corners of a square cemVE09.m

potential
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=0 =—04 08 ——12=—186

Potential profiles for different y values
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Example 10: A short capacitor model cemVE10.m

We can model a short capacitor as a row of positive charges and negative
charges. For the plots shown below there are 50 positive circular charges and
50 circular negative charges. Each circular charge has a radius a =0.0500 m

and the magnitude of the charge is Q, =1.0000x10 C.
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Potential profiles for different y values
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You can check numerical values using the Data Cursor or from the Command
Window. We can test the relationship |E| ~ AV | AX near the centre of the
region between the charged plates.
x=0 y=01m V =1.607 MV
x=0 y=-0.1m V =-1.607 MV
|E| =AV / AXx=16.1MV.m"

From the calculation of E from the superposition principle |E| =15.8 MV.m™
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potential

The starting positions for the streamlines need to be chosen carefully to give a
good representation of the pattern of electric field lines.
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