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Background and Objective

Generating an experimental rotation curve of the Milky Way
plotting the orbital speed of visible gas versus the radial distance
from the galactic center shows us a discrepancy between the
experimental observations and theory obtained simply from
Kepler's laws that rely on gravitation

Here, we generate a rotation curve of the Milky Way by
constructing our own telescope to obtain readings of HI in the
galactic plane (b = 0) over the first quadrant (0°<|<90°) of the galaxy




Historic Observation of the 21 cm line

e 1944: Theoretically predicted by the Dutch astronomer H.C. van de
Hulstin (show diagram of spin flip, and state 2lcm =1420 MHz =
similar to frequency where your cell phones work)

e 1951 First observed by Harold Ewen and Edward M. Purcell at
Harvard

e The observation of the 21 cm line of hydrogen marked the birth of
spectral-line radio astronomy.




The Horn Antenna

Simple to build from regular craft
tools, serves as a waveguide to

measure HIl line (21 cm)

A radio communication system where various
components of radio receivers is implemented using a

software on our computers
Here, we use a $30 USB dongle that can be used as a
computer based radio scanner for receiving live radio

signals

Software Designed Radio (SDR)



Building our Radio Telescopes

1. Cut out the horn
o Measure twice, cut once!
2. Wrap horn pieces w/ aluminum foil
3. Assemble the horn w/ aluminum
tape




Building our Radio Telescopes

4. Build telescope base
5. Build the carriage that supports the
horn and attaches it to the base




Building our Radio Telescopes

6. Assemble the electronics
o Solder the antenna
o Affix it to the waveguide
o Attach the waveguide to the horn

525 cm antenna




Building our Radio Telescopes

7. Putit all together along with a battery supply and wires to connect to the
SDR, with additional nails if necessary!




Final Telescopes

Team | Horn from 1951




Software

Linux and Mac only (Linux is simpler)
Signal processing with gnuradio code blocks




Taking Data

1. Make sure the power
source is on and the
antenna cable goes to
the amplifier input

2. Take hot and cold loads

3. Follow a pre-built
observation schedule




Data reduction

Temperature
calibration using a
cold load (space
away from the
galactic plane) and
a hot load (a wall)
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Data reduction
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Comparison with the “pros”

Effelsberg-Bonn 100m telescope: HI4PI survey




Reduced Spectra & Comparison with HI4PI

Team De-Amplify




Reduced Spectra & Comparison with HI4PI (Team |)




Next steps

e Work on the baseline issues to get spectra from -200 to +200 km/s
e Measure the Galactic rotation curve
e Work with high school students in Physics AP class




Improvements

e Mobility: Wheels

e The documentation is unclear and confusing » updates required

e The design is unbalanced (the telescope must be held during data
collection).

e Software documentation and installation is a convoluted process.

e Division of labor: potentially divide into “software” and “hardware”

teams from the start




Potential expansions

Create a simple Alt/Az mount system using a gear box and either
manual propulsion or a pair of motors.

Develop the hardware and software components that can interpret
target integration.




Potential expansions

e Develop an interface between the telescope control software and

the data collection.
e Develop a GUI to control the data collection and telescope control

software
e Build multiple telescopes and link them together




But... we built a radio telescope and it works!




