What time 1s the Super Bowl
throughout the Solar System?

The kick off for the biggest football game on our planet 1is
scheduled for 6:30PM ET/3:30PM PT on February 3rd, 2019. But
that’'s a really Earth-biased way of looking at things. Maybe
some other planets would like to know when they can watch the
Rams take on the Patriots on Sunday.

Figuring out how long that delay will be isn’t as simple as
adjusting timezones. As theoretical physicist Carlo Rovelli
points out in Sports Illustrated, even light takes some small
amount of time to travel from kick off to the people in the
stands in Mercedes-Benz Stadium in Atlanta and to the cameras
capturing the game. It takes even longer for that signal to
travel from there out into the world.

What time would the game begin for an observer on Mars?

Now let’s say that NASA decided to broadcast radio coverage of
the game out to the various planets and spacecraft in our
Solar System. Perhaps the space agency decided to use the Deep
Space Network, an array of radio telescopes located all over
the world tasked with beaming and capturing signals from
spacecraft. What time would the game begin for an observer on
Mars, if we used the DSN to broadcast coverage to the Red
Planet’s surface?

To figure this out, we can use a handy online tool NASA
created for its New Horizons mission, which flew by Pluto in
2015. The tool generates various coordinates and information
for the bodies in our Solar System, based on where they're
located at certain moments in time. And one of the things it
can tell us is how long it takes light to travel from Atlanta
to the center of Saturn or some other planet. (Radio waves
travel at the speed of light, about 186,000 miles per second.)
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To get started, we need to use the right inputs. The tool
should default to “OBSERVER,” which indicates that we’re
observing this from Earth. Next we want to pick our target
body. For now, let’s use Mars, which has the designation
[499]. That will tell you how long it takes for radio waves
from the game to reach the center of Mars. If you prefer a
different part of the planet, you can pick the Mars
Barycenter, which is the center of gravity between Mars and
its two moons. You do you.

Next we need to pick the observer location. I’'ve chosen
Atlanta, Georgia, because that’s where the game is. Now if
we’'re using the DSN to broadcast this coverage to space, there
will be a slight delay; the radio waves from Mercedes-Benz
Stadium will need to travel to whichever radio telescope is
used to blast out the signal. But the time it would take for
that, coupled with any electronic lag time, would be a small
fraction of a second, according to Jonathan McDowell, an



astrophysicist at Harvard who taught me how to use this tool.
(Thanks Jonathan!) So the delay is negligible.

Now we want our timespan. NASA operates in Coordinated
Universal Time, or UTC, so kick off would technically begin at
11:30PM UTC on Sunday, February 3rd. I've inputed a time span
between February 2nd and February 5th. (The tool won’t let you
just select February 3rd.)

Under step size, I’'ve set it to hour increments. This tells
the program to pull data for every hour between February 2nd
and February 5th. You can also set it to minute increments to
get the exact time at 6:30PM ET, but you’ll just be sifting
through a lot of data.

And finally, the most important input of all is under the
Table Settings. You want to choose number 21 on that menu,
which indicates one-way light-time to each destination. For
our example, this is what all the inputs should look like:

HORIZONS Web-Interface

This tool provides a web-based limited interface to JPL's HORIZONS system which can be used to generate ephemerides for
solar-system bodies. Full access to HORIZONS features is available via the primary telnet interface. HORIZONS system news
shows recent changes and improvements. A web-interface tutorial is available to assist new users.

Current Settings
Ephemeris Type [change] : OBSERVER
Target Body [change] : Mars [499]
Observer Location [change] : Atlanta, GA ( 84°23'37.0"W, 33°45"10.1"N )
Time Span [change] : Start=2019-02-02, Stop=2019-02-05, Step=1 h

Table Settings [change] : QUANTITIES=1,9,20,21,23,24
Display/Output [change] : default (formatted HTML)

Generate Ephemeris

Click “Generate Ephemeris” and a whole bunch of data should
pop up. But if you scroll down to February 3rd at 11:30PM UTC,
the information we want 1is waiting for us. According to the
tool, It would take about 12.9 minutes for initial radio
coverage from kick off to reach the center of Mars.

2019-Feb-03 19:00 *m 01 22 49.74 +09 04 23.1 0.91 4.43 1.55075907015474 14.6953948 12.897270 68.1357 /T 37.6949
2019-Feb-03 20:00 *m 01 22 55.99 +09 05 03.1 0.91 4.43 1.55111361881060 14.7725747 12.900219 68.1219 /T 37.6894
2019-Feb-03 21:00 *m 01 23 02.22 +09 05 43.1 0.91 4.43 1.55147020095538 14.8634210 12.903184 68.1080 /T 37.6840
2019-Feb-03 22:00 *m 01 23 08.45 +09 06 23.0 0.91 4.43 1.55182907219542 14.9617218 12.906169 68.0939 /T 37.6786
2019-Feb-03 23:00 * 01 23 14.68 +09 07 02.8 0.91 4.43 1.55219033162425 15.0607562 68.0797 /T 37.6732
2019-Feb-04 00:00 N 01 23 20.91 +09 07 42.6 0.91 4.43 1.55255391506106 15.1537537 | 12.912197 | 68.0653 /T 37.6679
2019-Feb-04 01:00 01 23 27.16 +09 08 22.3 0.91 4.43 1.55291959944078 15.2343563 12.915238 68.0509 /T 37.6625
2019-Feb-04 02:00 01 23 33.42 +09 09 02.0 0.91 4.43 1.55328701805528 15.2970528 12.918294 68.0363 /T 37.6570



I’'ve taken the liberty of making a few more approximate light-
time calculations for the other planets and a few spacecraft
in our Solar System. Here's how long it would take for radio
waves to reach each location after kick off.

Planets

Mercury: 11.45 minutes

Venus: 7.4 minutes

Jupiter: 48.39 minutes

Saturn: 90.69 minutes, or an hour and a half
Uranus: 167.21 minutes, or two hours and 47 minutes
Neptune: 256 minutes, or four hours and 16 minutes

Pluto (I know, I know, it’s a dwarf planet. We can debate this
later): 288 minutes, or four hours and 48 minutes

Spacecraft

BepiColombo: 2.52 minutes

Parker Solar Probe: 15.5 minutes

Juno: 48.69 minutes

New Horizons: 369.41 minutes, or six hours and nine minutes
Voyager 1: 1,206.39 minutes, or 20 hours and six minutes

Now hopefully the entire Solar System can enjoy Super Bowl
Sunday, on time.
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