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A Brief Introduction to the Hydrogen Line



The hydrogen 
line is an 
emission line 
of neutral 
atomic 
hydrogen 
caused by a 
“spin flip” of 
the electron in 
the ground 
state.
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The hydrogen line was 
first observed in 1951 
by Harold Ewen and 
Edward Purcell at 
Harvard University 
using the horn 
antenna shown here.



• Map of neutral atomic hydrogen 
(21- cm line) published by Jan Oort 
(1958); figure taken from the text 
book Scheffler & Elsässer (1992). 
The Sun is in the upper part of the 
plot at 8 kpc.
• This was produced using the 
doppler shift observed in 21 cm 
emissions along various lines of 
sight within the galactic plane.
• The reason for the “blind spots’ 
toward and away from the center of 
the galaxy are due to geometry. For 
angles close to 180 or 0 degrees, 
the relative motion is entirely 
tangential and there is no doppler 
shift.



When observing hydrogen spectra from 
spiral galaxies outside the milky way, the 
single hydrogen peak gets split in two by 
doppler shift due to the spinning motion of 
the disc.

The distance between the peaks indicates 
the orientation of the disc from our vantage 
point.

The more “edge-on” the further apart the 
peaks, the more “ face-on” the closer to 
together they are.
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Drift Scanning with a Small Dish
(I suggest at least 2.5 meters or larger)



Planning Your Observation



Gather information on your target galaxy from 
credible sources (including RA/Dec coordinates, 
reference profile, and/or average radial velocity).
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Look up the VLSR correction for the target galaxy 
coordinates on the observation date (see references at 
the end of this presentation for the url for this site). 9



Use the Stellarium
phone app to 
identify the start 
and end times of 
the main transit by 
setting the field of 
view equal to the 
HPBW of your dish 
and incrementing 
the clock until the 
galaxy just enters 
and exits the 
screen.



Choose a pre-transit 
start time and post-
transit end time such 
that each is half the 
length of the main 
transit duration. 

Select a center 
frequency that 
corresponds to the 
average velocity of the 
galaxy you want to 
observe.

Fo = Fs
1

(1  +    V/C)
= 1420.406

1

(1 - 180/300,000)

Fo = 1421.26 MHz



Collecting Observation Data



Set up your dish 
with the proper 
Azimuth/Elevation 
setting to do a 
transit scan of the 
target galaxy.



Set the center 
frequency of 
Airspy SDR# 
software to the 
center frequency 
that is recorded in 
your observation 
plan.



I recommend using the following 
settings for IF Averaging:
• FFT Resolution 128
• Intermediate Averaging 1000 
• Dynamic Averaging 7659000

Set the default filename and path to 
suit your needs.



Connect your 
SDR, feed, LNA 
and Band-Pass 
Filter and then 
press “play” on 
SDR# to begin 
recording data.



Launch IF 
Averaging and 
enable “Multiple 
Save”. Make sure 
you start at least 
30 minutes before 
your pre-transit 
start time to allow 
the system to 
stabilize before 
collecting 
meaningful data.



Analyzing Observation Data



Look at the time 
stamps on your 
data files and 
record which ones 
correspond to the 
pre main and post 
transit times in 
your plan.



Open a copy of 
my data analysis 
spreadsheet and  
paste the data 
from these files 
into the 
appropriate 
columns in a new 
copy of the “Raw 
Data” sheet and 
rename the tab to 
the observation 
date.



Update the VLSR 
correction value 
in cell “A2” to 
whatever is listed 
in your plan.



Edit the “Pre”, 
“Main”, and “Post” 
cells for each 
category on the 
“Analysis” sheet 
to select the 
correct columns 
of data from the 
“Raw Data” 
Sheet.



If necessary, edit 
the Center 
Frequency in cell 
“B1” until the 
Velocities in 
column “B” 
closely match 
column “A” on the 
“Raw Data” sheet.



Edit the formula in 
the “Main vs Ref” 
column to point to 
the appropriate 
“Pre”, “Main”, and 
“Post” cells.



Edit the 
“Combined” cells 
to average all 
“Main vs Ref” 
Columns.
This column also 
converts the raw 
amplitude ratios 
to dB using 20 
Log.



Edit the flattening 
polynomial 
coefficients on 
the “Flattened” 
sheet until the 
background on 
either side of the 
expected profile 
region in the 
orange plot is 
reasonably flat 
and at zero.



Adjust the 
horizontal and 
vertical scales on 
the “Compare” 
and “Final” Plots 
as desired to 
display the 
spectral profile as 
nicely as possible.



Observing with the Green Bank 20 Meter Dish



Observation Settings
• L-Band
• High Resolution
• Center Frequency set to 
1420.4 MHz
• 1 second “ON”
• 1 second “OFF”
• 10 repetitions for a total of 10 
seconds for each
• 1.5 degrees Az and El offset for 
“OFF”



Open your browser and 
go to 
https://www.skynet.unc.
edu.

Log-in using the SARA 
username and password 
which you can get by 
emailing Stephen Tzikas
at:
Tzikas@alum.rpi.edu.



Click on the menu 
icon in the top left.
Select the “My 
Observatory” tab 
and select the 
“Radio Observing” 
option.



You will see a list of 
observations that 
are pending or 
recently 
completed.

Scroll down to the 
bottom of the page 
and select “+ Add 
New Observation”.



Scroll down the 
page until you see 
the “keywords:” box 
and type in the 
designation or 
name of the galaxy 
you want to 
observe.

You can also enter 
coordinates exactly 
instead of using the 
keyword search.



Scroll up to the top and 
you should see the 
coordinates already 
populated for the object 
you entered.

Edit the Observation 
Name to add your 
initials.

You can change the Min 
Sun Separation and Min 
Target Elevation as 
desired.

A chart will show when 
the object will be in 
range of the observation 
settings you selected.

Hit “Save and Continue” 
to go to the next screen.



Select “High 
Resolution Mode”.

Set both the 
center frequency 
and secondary 
frequency to 
1420.4 MHz.



Make the following 
selections:
Path Type “On/Off”
Duration “1”
RA[Lng]Az Offset “1.5”
Dec[Lat]El Offset “1.5”
Repeat “10”
Integration time “1”

Hit “Save and Continue”.



Double-check all of 
your selections and if 
they look correct, hit 
“Submit”.



Select “Skynet Live” to 
see the status of the 
Green-Bank 20 
telescope.



From here, you can 
watch the observation 
status in progress.



Select “Radio 
Observing” again and 
you will see that the 
status is “archived” 
which means your 
observation results are 
now ready to view 
and/or download.

When you click on the 
ID of the observation 
you will see a link to 
view and download 
your data.



If you click on that 
link, you will see 
power vs time and 
spectral plots of 
your observation 
data.



If you click on the 
link in the cell 
marked “Spectra” 
it will bring up a 
text file with the 
data which you 
can download.



I dump my data results into an excel spreadsheet to flatten the background and display 
the resulting spectrum in a nice plot with velocity on the x-axis instead of frequency. 
There are templates and user guides for my analysis spreadsheets available.
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