
BioHack Academy
Spectrometer Design

Waag Society - CC-BY-SA 3.0



Tibicos - kefir



Refraction Normal

Air

Water

Incident
ray

Refracted
ray

i

x

i Angle of incidence x Angle of refraction



Snell’s Law



Visible light spectrum
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Chromatic aberration
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Playing with the microscope



Grating diffraction
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Diffraction grating principle
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Just like a prism
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Industry standard

BME Lab & Science
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Previous hacks

Instructables

PublicLab http://www.cs.cmu.edu/~zhuxj/astro/html/spectrometer.html



Content

• Webcam spectrometer
• CCD Array spectrometer



Webcam Spectrometer
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Bill of Materials

# Amount Description

1 1 Webcam

2 1 3mm MDF

3 1 White LED

4 1 220 Ohm resistor

5 1 7.5 W power supply

6 1 Jack Adapter

7 1 4.7 GB DVD-R (track pitch 0.74 microns) or 1,000 lines/mm grating



Foil

• Angle 45 degrees
• Grating foil

• 1000 lines per mm 
• DVD-R 4.7 GB: 

• Track pitch of 0.74 microns
• 1351 lines per mm

• DVD-R 3.95 GB: 
• Track pitch of 0.8 microns
• 1250 lines per mm

• CD: 
• track pitch 1.6 microns
• 625 lines per mm

ipacity.biedmeer.nl

http://ipacity.biedmeer.nl


LED Wiring



• Slit size: 1mm

• Lower is better 
resolution, but less 
sensitive

• Distance to slit: 22 cm
• Focus webcam on 

this distance

Slit



• Day light

Spectrum



Spectral Workbench analysis



Calibration

PublicLab



Calibration

http://publiclab.org/wiki/spectral-workbench-calibration



CCD Array Spectrometer
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Bill of Materials
# Amount Description

1 1 White LED

2 1 TSL1406R Photo diode array

3 1 1,000 lines/mm grating

4 1 220 ohm resistor

5 1 Power switch

5 1 7.5 W power supply

6 1 Jack Adapter







CCD array

• 400 nm to 900 nm target wavelength range

• d = grating 0.001 mm / line
• lambda = wavelength
• phi = diffraction angle
• m = order of diffraction = 1

• 400 nm: phi = 23.58 degrees
• 900 nm phi = 64.16 degrees



Processing Software - SpectrumDisplay



Source Code - setup



Source Code - spectrum



Source Code - interaction



Processing Software - Empty



Red food dye



Green food dye



Coming up



Practical  - Iodine Clock Reaction

WonderHowTo.com

http://WonderHowTo.com


Bio informatics practical



Graduation Show

• Tuesday April 26th

• Program:
• 18:30 Doors Open
• 19:00 Graduation Show Starts
• 21:30 Handing out certificates and drinks
• 22:30 End

• 30 presentations
• 3 minutes presentation, 2 minute questions
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