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Information

• 9 ft Dish – Spectracyber running 

• SuperSID – Working and porting data to Stanford

• Radio Jupiter – still need to get a new receiver and setup at site 

• Pulsar – 408 MHz – Waiting on good weather

• Tropospheric transmission – 1296 MHz feed available

• EME systems – 1296 MHz feed available

• Moon Orbit determination using EME equipment
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Dan Layne Analysis of Pulsar Data
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Moon Range and Orbit determination

• Use CW transmit and receive

• Measure difference between transmit and arrival times

• Determine moon distance

Di𝑠𝑡𝑎𝑛𝑐𝑒 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 = 299,792.458 km/sec x ∆𝑡/2 + 𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛

• Read the Azimuth and elevation angles from the pointing system

• Record time in UTC
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What distance are we measuring?
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Radius Moon = 1737.5 km

Radius Earth = 6378.14 km

Distance Measured

Moon

Earth

Radius (r)

𝑟𝑎𝑑𝑖𝑢𝑠(𝑟)
= 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑
+ 𝑀𝑜𝑜𝑛 𝑟𝑎𝑑𝑖𝑢𝑠
+ 𝐸𝑎𝑟𝑡ℎ 𝑟𝑎𝑑𝑖𝑢𝑠

Note: the total mass is Earth + moon mass



Orbital Mechanics
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Line of Apsides

r 𝜃

Earth

Moon

velocity
a= semimajor axis (km)
e = eccentricity km2/s2

ra = apogee radius (km)

rp = perigee image (km)

ϴ = True Anomaly (degrees)
V = velocity km/s
P = period (seconds)
μ  = gravitational parameter for Earth 

𝑎 = 𝑟𝑎 + 𝑟𝑝 /2

𝑒 =
𝑟𝑎 − 𝑟𝑝

𝑟𝑎 + 𝑟𝑝

cos 𝜃 =
𝑎 1 − 𝑒2

𝑟𝑒
−
1

𝑒

v =
2𝜇

𝑟
−
𝜇

𝑎

𝜇 = 398,600.4
𝑘𝑚3

𝑠2

𝑃 = 2𝜋
𝑎3

𝜇

a



Earth to Moon Distances for 2021

7Moon Distance Calculator – How Close is Moon to Earth? (timeanddate.com)

ApogeesPerigees

https://www.timeanddate.com/astronomy/moon/distance.html:~:text=Furthest%20Apart%20(Apogee)%20%20%20%20Date%20,%20252,707%20mi%20%2011%20more%20rows


Calculate the Moon’s orbit
• Measure the distance to the moon: example 

• March 1: measure delta time ∆t1 (seconds): 2.38 seconds (for 357,307 km)

• March 17: measure delta time ∆t2 (seconds): 2.64 seconds (for 397,137 km)

• Calculate ra and rp

• March 1 measurement rp= 299,792.458 km/sec x (2.38 𝑠𝑒𝑐𝑜𝑛𝑑𝑠)/2 + 6378.14 km + 1737.5 km= 365,423 km

• March 17 measurement ra= 299,792.458 km/sec x (2.64 𝑠𝑒𝑐𝑜𝑛𝑑𝑠)/2 + 6378.14 km + 1737.5 km=  405,253 km

• Semimajor axis (a) 

• Eccentricity 

• Period
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𝑒 =
𝑟𝑎 − 𝑟𝑝

𝑟𝑎 + 𝑟𝑝
𝑒 =

405,253 𝑘𝑚 − 365,423𝑘𝑚

405,253𝑘𝑚 + 365,423𝑘𝑚
= 0.0517

𝑃 = 2𝜋
𝑎3

𝜇

𝑎 = 𝑟𝑎 + 𝑟𝑝 /2 𝑎 =
405,253 𝑘𝑚 + 365,423𝑘𝑚

2
𝑘𝑚 = 384,360 𝑘𝑚

𝑃 = 2𝜋
(384,360𝑘𝑚)3

398,600.4
𝑘𝑚3

𝑠2

= 2,371,428.87 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 = 27.45 𝑑𝑎𝑦𝑠

Actual = 384,400 km

Actual = 0.0549

Actual = 27.32 days



Measured Mass of Earth-Moon System
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𝑀𝑎𝑠𝑠𝐸𝑎𝑟𝑡ℎ−𝑀𝑜𝑜𝑛 =
4𝜋2𝑟3

𝐺𝑡2

𝐺 = 6.67𝑥10−11
𝑚3

𝑘𝑔𝑠2

𝑟 = 384.360 𝑥 106 𝑚

t =2,371,428.87 seconds

𝑀𝑎𝑠𝑠𝐸𝑎𝑟𝑡ℎ−𝑀𝑜𝑜𝑛 =
4𝜋2 384.360 𝑥 106𝑚 3

6.67𝑥10−11
𝑚3

𝑘𝑔𝑠2
2,371,428.87𝑠𝑒𝑐𝑜𝑛𝑑𝑠 2

𝑀𝑎𝑠𝑠𝐸𝑎𝑟𝑡ℎ−𝑀𝑜𝑜𝑛 = 5.976 𝑥 1024 𝑘𝑔 (𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑)



Accuracy
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𝑀𝑎𝑠𝑠𝐸𝑎𝑟𝑡ℎ−𝑀𝑜𝑜𝑛 = 5.976 𝑥 1024 𝑘𝑔 (𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑)

𝑀𝑎𝑠𝑠𝑀𝑜𝑜𝑛 = 7.347 𝑥 1022 𝑘𝑔 (𝑔𝑖𝑣𝑒𝑛)

𝑀𝑎𝑠𝑠𝐸𝑎𝑟𝑡ℎ 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 = 5.9035 𝑥 1024 𝑘𝑔

𝑀𝑎𝑠𝑠𝐸𝑎𝑟𝑡ℎ 𝑎𝑐𝑡𝑢𝑎𝑙 = 5.98 𝑥 1024 𝑘𝑔

error =
𝑀𝑎𝑠𝑠𝐸𝑎𝑟𝑡ℎ𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑−𝑀𝑎𝑠𝑠𝐸𝑎𝑟𝑡ℎ 𝑎𝑐𝑡𝑢𝑎𝑙

𝑀𝑎𝑠𝑠𝐸𝑎𝑟𝑡ℎ 𝑎𝑐𝑡𝑢𝑎𝑙
=

5.9035 𝑥 1024𝑘𝑔−5.98 𝑥 1024 𝑘𝑔

5.98 𝑥 1024𝑘𝑔
= −0.0128 = -1.28% error



Excel Model
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What do we need to do to measure this?

• Need to measure the delay between transmit and receive from Earth to Moon and Back 
within 100th of a second

• Possible Approaches
• Build arduino stopwatch

• Arduino controls relay that sends CW pulse (starts clock)

• Arduino receiver receives return pulse (stops clock)

• Arduino can automatically calculate Earth to Moon radius

• Measure time delay with oscilloscope

• Take multiple measurements to find the highest (apogee) and lowest (perigee) distances 
– the accuracy should improve with more measurements

• Use EME video to get first measurements of time delays

• Calibration can be accomplished by comparing measured vs. actual values 
• Most likely the calibration would subtract from the delay time

• Calculate the rest of the Moon orbit values – left to student
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Odd Radio Circle (ORC)

• Phenomenon seen only radio frequencies where the object is circular 
and brighter along the edges
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wtfnewlydisc.jpg (600×512) (b-cdn.net) odd radio circle alma - Bing images

https://scx2.b-cdn.net/gfx/news/2020/wtfnewlydisc.jpg
https://www.bing.com/images/search?view=detailV2&ccid=wxTlnVGq&id=DF76CBDAA48818F23F8CE5D272B1FB2C456C1D83&thid=OIP.wxTlnVGqSv6fRNWSiLHMZAHaD4&mediaurl=https%3a%2f%2fearthsky.org%2fupl%2f2020%2f07%2fORC-4-radio-image-contours-2013-800x419.png&exph=419&expw=800&q=odd+radio+circle+alma&simid=608023789053873487&ck=A926023BE9FA7557D39D0DEBFC7A308B&selectedIndex=2&FORM=IRPRST&ajaxhist=0


Displaying and Analyzing Planetary Disks
Disk Substructures at High Angular Resolution Project (DSHARP)

• SAOImageDS9 (google.com) https://sites.google.com/cfa.harvard.edu/saoimageds9/home

• DSHARP DATA RELEASE (nrao.edu)

https://almascience.nrao.edu/almadata/lp/DSHARP/
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Goal is to display and analyze planetary disks that were measured by ALMA
1) Download FITS viewer (selected SAO Image DS9 viewer
2) Download DSHARP FITS files
3) Use the FITS viewer to analyze the data

https://sites.google.com/cfa.harvard.edu/saoimageds9/home
https://sites.google.com/cfa.harvard.edu/saoimageds9/home
https://almascience.nrao.edu/almadata/lp/DSHARP/
https://almascience.nrao.edu/almadata/lp/DSHARP/


FITS Image Viewer (SAOImage ds9)
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ALMA Imaging for DSHARP Project
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https://almascience.nrao.edu/almadata/lp/DSHARP/

https://almascience.nrao.edu/almadata/lp/DSHARP/


Data Downloads
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https://almascience.nrao.edu/almadata/lp/DSHARP/

https://almascience.nrao.edu/almadata/lp/DSHARP/


AS 209 
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AS209 CO Analysis
Frequency Mapping
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Measured frequency increases



2020/21 Observation/ Feed Schedule

• February 2021
• 408 MHZ Feed for pulsar observations

• 1296 MHz if EME team wants it

• March 2021
• 408 MHZ Feed for pulsar observations

• 1296 MHz if EME team wants it

• April 2021
• 408 MHZ Feed for pulsar observations

• 1296 MHz if EME team wants it
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Questions?
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