
Bandwidth



Final paper proposal

• Final ~10 page paper 

• Over next week: 

• Pick a topic 

• Find initial research sources 

• Write a proposal



Types of paper

• How does X work? 

• History of quantitative knowledge 

• Modern techniques for understanding our world



How does X work?

Examples: 

• MRI machines 

• Quantum dot televisions 

• LIGO (gravity waves) 

• Radio interferometers (VLA, ALMA, etc.) 

• Historical device such as the Antikythera mechanism



History of quantitative knowledge

Examples: 

• Mapping of the Pacific Northwest (including techniques 
used) 

• Birth of computing during the second world war 
(including how they worked) 

• History of medical imaging (X-rays to MRI) 

• Development of longitude techniques in the 18th 
century



Modern techniques for understanding our world

The most challenging to formulate, and will probably require 
some conversation with me 

Examples: 

• Imaging the brain in action (fMRI, PET, and other tools) 

• Tracking volcanos (GPS, satellite and arial LIDAR, etc.) 

• Measuring gravity waves (LIGO, nanoGrav, LISA)



Bandwidth



Sending information

1 1 1 1 1 10 0 0 01 1 0 1 0 0 1 0 1 1

0 1 1 1 0 1 0 0 1 0



Sending information with different colors

1 1 1 1 1 10 0 0 0

1 1 1 1 1 10 0 0 0

1 1 0 1 0 0 1 0 1 1

0 1 1 1 0 1 0 0 1 0



Sending information 
with different colors

1 1 1 1 1 10 0 0 0

11 1 0 1 00 0 1 0

Prism used 
to separate 
colors or 
‘channels’

1 1 0 1 0 0 1 0 1 1

0 1 1 1 0 1 0 0 1 0



If I try to send pulses too fast, message is garbled

1 1 ? 1 ? 0 1 ? 1 1 ? 0 0 1 0 ? 1 1 ? 1 ? 0 ? 1 1
1 1 ? 1 0 1 1 1 0 1 0 1 1 0 0 1 1? ? ? ? ? ? ? ?



To send a message faster I need shorter pulses

1 1 0 1 0 0 1 0 1 1 0 0 0 1 0 0 1 1 0 1 0 0 0 1 1

1 1 0 1 0 0 1 0 1 1 0 0 0 1 0 0 1 1 0 1 0 0 0 1 1



Speed depends on range of color (bandwidth)

1 1 0 1 0 0 1 0 1 1 0 0 0 1 0 0 1 1 0 1 0 0 0 1 1
1 1 0 1 0 0 1 0 1 1

0 1 1 1 0 1 0 0 1 0



Key ideas

• More color (bandwidth), the faster the data can be sent 

• Each user can get their own ‘color’ range  

• Users don’t really care what color they have, but do care 
about how wide the color range is (bandwidth) 

• Can have many slow users, or a few fast users, but color 
range is preserved 

• You buy a color range (bandwidth)



Spectrum Analyzer
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This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the
FCC and NTIA. As such, it does not completely reflect all aspects, i.e., footnotes and recent changes
made to the Table of Frequency Allocations. Therefore, for complete information, users should consult the
Table to determine the current status of U.S. allocations.
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This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the
FCC and NTIA. As such, it does not completely reflect all aspects, i.e., footnotes and recent changes
made to the Table of Frequency Allocations. Therefore, for complete information, users should consult the
Table to determine the current status of U.S. allocations.
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This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the
FCC and NTIA. As such, it does not completely reflect all aspects, i.e., footnotes and recent changes
made to the Table of Frequency Allocations. Therefore, for complete information, users should consult the
Table to determine the current status of U.S. allocations.
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This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the
FCC and NTIA. As such, it does not completely reflect all aspects, i.e., footnotes and recent changes
made to the Table of Frequency Allocations. Therefore, for complete information, users should consult the
Table to determine the current status of U.S. allocations.


