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xr = linspace(-7,7,1500);

yr = linspace(4.5,-4.5,1500);

x = repmat( xr , [ numel(yr) 1 ] );

y = repmat( yr' , [ 1 numel(xr) ] );

batman = (((x/7).^2.*sqrt(abs(abs(x)-3)./(abs(x)-3))+((y/3).^2) .*  ...

sqrt(abs(y+(3*sqrt(33)/7))./(y+(3*sqrt(33)/7))))-1) .* ...

(abs(x/2)-((3*sqrt(33)-7)/112).*(x.^2)-3+sqrt(1-(abs(abs(x)-2)-
1).^2) - y) .* ...

(9*sqrt(abs((abs(x)-1).*(abs(x)-0.75))./((1-abs(x)) .* (abs(x)-
0.75)))-8*abs(x)-y) .* ...

(3*abs(x)+0.75*sqrt(abs((abs(x)-0.75).*(abs(x)-0.5))./((0.75-
abs(x)).*(abs(x)-0.5)))-y) .* ...

(2.25*sqrt(abs((x-0.5).*(x+0.5))./((0.5-x).*(0.5+x)))-y) .* ...

(((6*sqrt(10))/7)+(1.5-0.5*abs(x)) .* sqrt(abs(abs(x)-1)./(abs(x)-
1))-((6*sqrt(10))/14).*sqrt(4-(abs(x)-1).^2)-y);

imagesc( log(abs(batman)) );

The BATMAN CODE!



MATLAB 

FACTS

Cleve Moler
(Chief Mathematician)

Jack Little
(President)

1985

2018

Revenue

$900 million in 2017

>60% from outside the US

CompanyHistory

People

4,000
>30% outside the US

Users

>3,000,000
worldwide

Founders



Augustin-Jean Fresnel
(Inventor)

Lighthouse - 1825
(First lens application)

History

Fresnel

LensBasic concept
(Concentric prism-shaped grooves)

Imaging
(TVs, Camera’s, Telescopes)

Concentrated Photovoltaics
(Efficient but costly) (under research)

High-Temperature applications
(Melting, Solar Cooking .. ) (under research)

AdvantagesApplications

Compact
Thicknesses <1mm

Light-weight
1 m2 lens  ̴ 1.5 kg 

Higher

Concentration
As high as 2000x (GCR)

Shorter

Focal Length
Based on prism shapes

Design Flexibility
Compared to parabolic troughs

Lower cost
Normally PMMA



Test if the RAY STATE is incident at the RECEIVER

Each ray can be incident in as many as 5x108
states

wavelength, incidence azimuth, solar zenith, solar azimuth, lens tilt …

1000 W/m
2
 

Solar Light

Ray #1

Incidence state #1

Entropy of Light

Each 1,000 W/m2 incident light has 1023
rays

EACH STATE of EACH RAY is traced through the lens

Receiver

The

Design

Concept

Count all 

successful ray 

arrivals at 

the different 

incidence 

conditions 

Convert the 

successful ray 

arrivals at the focal 

receiver into 

CDF cumulative 

distribution function

Transform
the statistical distribution 

into heat and 

flux distributions 



The

Algorithm

Flow
Iterations

Level-1 Receiver radius r

Level-2 Focal length F

Level-3 Groove number b

Level-4 Prism inclination θ

Level-5 Incidence position φ 

Level-6 Wavelength intervals λ 

Output
bth Prism inclinationθb

bth Prism thickness hb

Lens Transmittance Ts

Output
Optical efficiency ηo

Lens efficiency ηs

Lens Inputs
Lens aperture radius (R)
Number of prism groove  (i)
Iteration - focal length (F)
Iteration - incidence angle (θ) 

Start

Receiver Input 
Iteration - receiver radius (r)
# of receiver segments (S)

Ray Input 
Solar irradiance (Ib,N)
Ray density (k)
Wavelength intervals (λ)
Wavelength weights (WF)

Iteration
Receiver segments z

End

Iterations
Level-1Receiver radius r

Level-2Focal spacing Fstep

Level-3Groove number b

Level-4Prism inclination β

Level-5Incidence position φ 

Level-6Wavelength interval λ 

Output
bth Prism inclination βb

bth Prism lower facet length Ed,b

Lens Transmittance Ts

Output
Optical efficiency ηo

Lens efficiency ηs

Lens Inputs
Lens aperture radius (R)
Number of prism grooves (i)
Lens curvature angle (curv)

Iteration –prism inclination (β)  

Start

Receiver Input 
Iteration - focal spacing (Fstep)
Iteration - receiver radius (r)
# of receiver segments (S)

Ray Input 
Solar irradiance (Ib,N)
Ray density (k)
Wavelength interval centers (λ) 

Wavelength weight factors (WF)

Iteration
Receiver segments z

End

Flat

Lens

Curved

Lens



The

Code
Design a Lens

Based on application

(Find the lens parameters to achieve a predefined T)

Test a Lens
Based on an existing design

(Generate a heat and flux plots of the receiver)

> 1,500 lines > 1,000 lines



Code Inputs
Desired system 

description

Before running the code!

625˚C Temperature

focal area 1 cm2

Silicon surface

Under1,000 W/m2 
irradiance

Supply 0.175 W after heat losses

35˚C ambient

What do you want 

the lens to

do?

Sample Lens Design

Code Output
Desired system description

while running the code!

Total of 3.44 W
needed with convective 

and radiative losses

Estimate of 7 cm of 

lens diameter needed

Iterate system 

dimensions to 

meet total needed 

power
Lens 

Diameter

Groove 

Count

Focal 

Length



Code

Outputs
Optimum system 

description

After running the 

code!

6.8 cm
lens diameter

34
groove count

4 cm
focal length

3.47 W
Supplied by lens

75.7%
lens efficiency

Flux Distribution 3D
at the focal area

Flux Distribution 2D
at the focal areaSimulation of Lens

Sample Lens Design

Simulated Temperature Distribution
at the focal area

Maximum and 

minimum
temperatures are 

within the 

required 625˚C



THANK YOU
QUESTIONS?


