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Goals
● Research and design a radio telescope 

○ Assemble a working feed horn and antenna
○ Program necessary software
○ Obtain a signal

● Cater research and data to high schools so that 
they could build their own telescope

● Create a nationwide array of telescopes (using 
interferometry)



Radio Astronomy 
● Radio Signal (3 kHz to 300 GHz)
● Astronomy using radio frequencies
● Examples of things we can observe:

○ Features invisible to the eye
○ Pulsars
○ Radio galaxies
○ Neutral hydrogen
○ And many more...



Karl Jansky (UW-Madison)
● Radio Engineer at Bell Labs
● Built receiver antenna (14.6λ)
● Formulated that radio static came from 

the Milky Way
● Flux density of radio sources (1 Jy=10⁻26 

W m-2 Hz-1)

History of Radio Telescopes 



History of Radio Telescopes
Jansky’s rotating telescope Replica in Green Banks, West Virginia



Grote Reber (IIT-Wheaton, IL)
● Inspired by Jansky
● Built modern-day radio telescope in his 

mother’s backyard (9 meters)
● Observed strong emissions across Milky 

Way
● Confirmed Jansky's formulation

History of Radio Telescopes 



History of Radio Telescopes
Reconstructed version of Reber’s 9 meter dish in Green Banks, West Virginia



Large Radio Telescopes

Worlds Largest Radio Telescope
≅1000 feet Arecibo Observatory, Puerto Rico

≅3 football fields 

Green Banks Radio Telescope
Green Banks, West Virginia 

 100 meter diameter 



The Big Picture
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Radio Telescope Basics 
Parts of a Radio Telescope: 

● Parabolic Dish/Mount
○ Collects and focuses radio waves

● Feed Horn
○  Receives radio waves 

● Pre-Amplifier
○ Amplifies raw signal from feed horn

● Heterodyne Receiver
○ Turns analog signal into digital 

signal  
● Data Acquisition  

○ Receive and write data onto 
computer

● Data Analysis 
○ Analyze power spectrum over time



● Artificial sources
○ Radio stations
○ Aircraft communications
○ Signal generators
○ etc.

● Natural sources
○ Blackbody radiation
○ Synchrotron radiation
○ Neutral hydrogen emission

Radio Sources
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Hyperfine Transition of Neutral Hydrogen 

Detect 21 cm radio emissions 
from clouds of neutral hydrogen 
across the galaxy



 from the Leiden/Dwingeloo HI survey and the Instituto Argentino de Radioastronomia survey. 



Dish 
● Parabolic Mesh surface (8 ft in 

diameter)
● Collects incoming radio waves
● Reflects radio waves into one 

point
● Bigger dish = Sharper resolution 

Feed Horn  Pre-amplifier Heterodyne MixerDish



The Feed Horn
● Receives the focused radio 

waves reflected from the dish
● Has an antenna inside
● Converts the radio signal into a

weak electrical signal

Feed Horn  Pre-amplifier Heterodyne MixerDish



Feed Horn Calculations
Researched equations and 
calculated dimensions

Feed Horn  Pre-amplifier Heterodyne MixerDish



Feed Horn Construction
● Paint can
● Copper tube
● Solder, soldering iron, and glue
● Aluminum mounting brackets
● Coaxial (SMA) adapter mount
● Long (8ft) coaxial cable

Feed Horn  Pre-amplifier Heterodyne MixerDish



● Attached to the feed horn
● Takes the weak signal from feed 

horn and adds 14.8 dB (Roughly 30 
times stronger)

● Has a noise temperature of 50 Kelvin 
(very low)

LNA (Low Noise Amplifier)
Feed Horn  Pre-amplifier Heterodyne MixerDish



● Converts high frequency analog signal 
to a low frequency wave digital output

● Connected via USB to computer
● Relays the signal to a computer 

readable format (data collection system)
● Mixes and then digitizes

Heterodyne Mixer (Airspy) 
Feed Horn  Pre-amplifier Heterodyne MixerDish



Beat Frequency 

Airspy gets an incoming frequency and creates a 
frequency similar to it thus making a beat frequency 

http://www.youtube.com/watch?v=V8W4Djz6jnY


GNUradio 
● GNUradio is a user friendly interface that 

allows users to create flowcharts to 
develop programs 

● Free Software Development Toolkit
● Implements SDR (Software Defined Radio)
● Uses code blocks to operate
● Open Source 



GNUradio Flowchart 



Options
Control Panel 

Static
variables to be 
kept constant 

Slider
variables you 
can change 

GNUradio Simplified Flowchart
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Power Spectrum Graph 
● Uses the fast fourier transform (FFT)
● Plots frequency vs. power (strength of signal)
● Used to identify and analyze signals and noise 

levels



● Point at source with uniform radio wave 
emission (the Sun):
○ Ambient noise increases

● Point at a signal generator with antenna:
○ Peak shows up at designated frequency

● Point at hydrogen clouds:
○ See peak around 1.402 GHz

Theoretical Results



Temporary Site Location 



Data Collection  P(d) 
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Distance Vs. Power Plot 
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Data Collection P(θ)
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Initial Radiation Pattern 



Better Radiation Pattern 



Results: Away from Sun



Results: Towards Sun



Lederman Science Center (Permanent)



● Many radio telescopes operating in sync with 
each other

● Greatly increases overall resolution
● A distant goal for the QRT

Interferometry

Atacama Large Millimeter Array
(ALMA)



Project Management 





YOU CAN BUILD ONE 
TOO….
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