Knowledgebase - Space Science and Astronomical Calculations

================ Gravity Related Calculations = G = 6.67 x 10^-11 ===========
SUN
EARTH

Surface temperature: 5,778 K Mass: 1.989 × 10^30 kg
Radius: 432,690 mi (109.3 times
larger than Earth) Age: 4.603 billion years Distance to Earth: 92.96 million mi
Orbital speed: 250 km/s, or ~ 560,000 mph! (around the center of Milky Way galaxy)
Age: 4.543 billion years Distance from Sun: 92.96 million mi Radius: 3,958.8 mi - 6,378 km
Mass: 5.972 × 10^24 kg Surface area: 196.9 million mi² Land area: 57.51 million mi²
Orbital Speed: 30 km/s, or 67,000 mph.
-The earth rotates once every 23 hours, 56 minutes and 4.09053 seconds, called the sidereal period, and its
circumference is roughly 40,075 kilometers. Thus, the surface of the earth at the equator moves at a speed of 0.46
kmps or roughly 1,000 mph.

MOON

Distance to Earth: 238,900 mi Orbital period: 27 days Gravity: 1.62 m/s²
Radius: 1,079.6 mi Age: 4.53 billion years
Orbits: Earth Shape: Scalene ellipsoid
Orbital Speed: Moon orbits Earth at 2,288 mph (3,683 kilometers per hour). During this time it travels
a distance of 1,423,000 miles (2,290,000 kilometers).

Satellites

ISS: 248 Miles, 8 km per second (17,900 mph).
Hubble: 340 miles above Earth. 17,500 mph (or 27,000 kmph)

SOHO Telescope
Launched in 1996

SOHO, the Solar & Heliospheric Observatory, is a project of international collaboration between ESA
and NASA to study the Sun from its deep core to the outer corona and the solar wind.
Location: L1 point, Mass: 1850kg, SOHO is one of four
spacecraft in the vicinity of the Earth–Sun L1 point, a point
of gravitational balance located approximately 0.99 (AU) from
the Sun and 0.01 AU from the Earth.
Location: L2 point (898K miles from Earth, Sun’s no-shadow point is at 858K miles from Earth.)
See lights, infrared .. wavelength coverage from 0.6 to 28 micrometers
(The overall mass of James Webb is about 6,500 kg, or 14,300 pounds on Earth, a little over half
that of Hubble.)
Force of attraction of JWST from MOON = 3.77 x 10^-6 N per KG mass of JWST
Force of attraction of JWST from Earth = 177 x 10^-6 N
“
Force of attraction of JWST from Sun = 5930 x 10^-6 N
“
Force on JWST from the SUN = 5,930 x 6,500 x 10^-6 = approx. 40N or 4Kg-force
Force on JWST when at 1 m KM from the Earth = 2.588 N 0r 0.26 Kg-force

James Webb Space
Telescope

Reference Sites:
Planetary Fact Sheet; https://nssdc.gsfc.nasa.gov/planetary/factsheet/
Gravitation – Class Lecture: https://www.phys.hawaii.edu/~morse/P170Af13-29.pdf
Webb Location Live: https://www.jwst.nasa.gov/content/webbLaunch/whereIsWebb.html
Q&A on Jam Webb Telescope: https://webbtelescope.org/news/webb-science-writers-guide/telescope-overview
Circular Motion, Centripetal (Lecture#5): https://youtu.be/mWj1ZEQTI8I
ESCAPE VELOCITY: https://youtu.be/nkccBTXOclY https://en.wikipedia.org/wiki/Escape_velocity
Orbital Velocity: https://youtu.be/nxD7koHdQhM
Leonard Susskind’s Lecture: https://www.youtube.com/watch?v=6OXdhV5BOcY
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SUN: Mass: 1.989 × 10^30 kg
Radius: 432,690 mi (109.3 times larger than Earth) Distance to Earth: 92.96 million mi
Orbital speed: 250 km/s, or ~ 560,000 mph! (around the center of Milky Way galaxy) Surface tem: 5,778 K G = 6.67 x 10^-11

James Webb Space Telescope Launch Timeline As It Happened
TOPICS:James Webb Space TelescopeNASA By NASA DECEMBER 25, 2021
Ariane 5 Fueling is Complete (6:16 am EST)
Fueling for both the main and upper stages of the Ariane 5 rocket is now complete.
In preparation for launch scheduled for no earlier than 7:20 am EST (9:20 am GFT).
The cryogenic arms attached to the Ariane 5 are now supplying top-up fuel until liftoff.
All systems are being continually measured to monitor the readiness of Ariane 5 to
launch and the condition of its precious cargo.
Launch teams monitor the countdown to the launch of Arianespace’s Ariane 5 rocket carrying
NASA’s James Webb Space Telescope, Saturday, Dec. 25, 2021, in the Jupiter Center at the
Guiana Space Center in Kourou, French Guiana. The James Webb Space Telescope (sometimes
called JWST or Webb) is a large infrared telescope with a 21.3 foot (6.5 meter) primary mirror.
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The observatory will study every phase of cosmic history—from within our solar system to the
most distant observable galaxies in the early universe. Credit: NASA/Bill Ingalls
Webb Mission Moving to Automated Countdown Activities (7:12 am EST)
…..The Ariane 5 will launch unless computers detect an issue, ground controllers initiate
a stop, or the Webb team requests a hold due to a concern.
During liftoff the two solid propellant boosters — known as EAPs, from the French Etage
d’Acceleration à Poudre – ignite and, along with the main stage engine, power the Ariane
5 up and away from the pad. The EAP boosters are the largest solid rocket boosters ever
produced by European industry, providing roughly 92% of the total thrust at liftoff.
Lift off! (7:20 am EST)
The boosters have ignited, and we have liftoff! The Ariane 5 launcher
carrying NASA’s James Webb Space Telescope launched into space at 7:20 am EST from
Europe’s Spaceport in French Guiana.
Webb Telemetry Received (7:25 am EST)
Telemetry from the James Webb Space Telescope has successfully been received at the
Jupiter Control Center at Europe’s Spaceport in French Guiana.
A little more than two minutes after launch, the two solid rocket boosters on the Ariane
5 separated from the vehicle and then fell back into the ocean. Next, the fairing — which
was modified with additional venting ports to allow for smooth depressurization of the
fairing from ground pressure to vacuum during the flight—was jettisoned, exposing
Webb to space for the first time. The S-Band Transmitter has now been powered on and
is confirmed as transmitting telemetry.
Main Stage Separation (7:29 am EST)
After exhausting all its fuel and bringing Webb to speeds of approximately 16 thousand
miles per hour, the main stage engine of the Ariane 5 has shut down and been
jettisoned. The upper stage engine has ignited. It will burn for approximately 16
minutes, beginning Webb on its journey to its final orbit around the second Lagrange
point, commonly known as L2, a point on the opposite side of Earth from the Sun,
directly on a path towards L2 on which it will continue for four weeks.
The Ariane 5 upper stage will now begin a special rolling maneuver to protect Webb
from solar radiation after fairing separation. It will continue this maneuver until Webb
is released from the upper stage, planned within the next 20 minutes.
Upper Stage Separation (7:47 am EST)
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The Ariane 5 upper stage brought the James Webb Space Telescope up to a speed of
approximately 22 thousand miles per hour – headed for its final orbit around the second
Lagrange point, commonly known as L2.
The upper stage engine has now cut off and the spacecraft has separated. An extra battery
on the upper stage provided power for a boost after release of the telescope, distancing it
from Webb.
Webb is now flying on its own in coast phase.

James Webb’s Orbit around the L2 Point

Webb will orbit the Sun near the second Sun-Earth Lagrange point (L2), which lies approximately 1.5
million kilometers (1 million miles) from Earth on the far side of Earth from the Sun. Webb will not be
located precisely at L2, but will move in a halo orbit around L2 as it orbits the Sun. In this orbit, Webb can
maintain a safe distance from the bright light of the Sun, Earth, and Moon, while also maintaining its





position relative to Earth.
The James Webb Space Telescope (JWST) is in a halo orbit around L2, at a sufficient radius around the Lagrange
point that it is in perpetual sunlight. That allows it to have predictable solar power, but requires the very large and
fragile five-layered heat shield.
A halo orbit is a periodic, three-dimensional orbit near one of the L1, L2 or L3 Lagrange points in
the three-body problem of orbital mechanics. Although a Lagrange point is just a point in empty space, its
peculiar characteristic is that it can be orbited by a Lissajous orbit or a halo orbit. These can be thought of
as resulting from an interaction between the gravitational pull of the two planetary bodies and
the Coriolis and centrifugal force on a spacecraft. Halo orbits exist in any three-body system, e.g., a Sun–
Earth–orbiting satellite system or an Earth–Moon–orbiting satellite system. Continuous "families" of both
northern and southern halo orbits exist at each Lagrange point. Because halo orbits tend to be
unstable, stationkeeping may be required to keep a satellite on the orbit.
In orbital mechanics, a Lissajous orbit ( ), named after Jules Antoine Lissajous, is a quasi-periodic orbital
trajectory that an object can follow around a Lagrangian point of a three-body system without requiring
any propulsion. Lyapunov orbits around a Lagrangian point are curved paths that lie entirely in the plane
of the two primary bodies. In contrast, Lissajous orbits include components in this plane and
perpendicular to it, and follow a Lissajous curve. …….
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Q&A: https://webbtelescope.org
From: S.T.A.R.S [mailto:stars@stsci.edu] Sent: Friday, December 31, 2021 9:46 AM
To: rkroygm@gmail.com Subject: Submit a Question – Webb's orbit, INC0174643 for Outreach

This message is in reference to your ticket INC0174643 concerning Submit a Question – Webb's
orbit.
Hello! Thanks for asking about the L2 orbit. You'll find the answer to both of your questions
here:
https://webbtelescope.org/news/webb-science-writers-guide/telescope-overview
We hope you continue to follow Webb on its journey to L2... and after that as it begins to
gather science!
Regards, The Office of Public Outreach, STScI

Wavelength+
EM Spectrum and satellites.
Webb will observe primarily in the infrared and will have four science instruments to capture images and spectra of astronomical
objects. These instruments will provide wavelength coverage from 0.6 to 28 micrometers (or "microns"; 1 micron is 1.0 x 106 meters). The infrared part of the electromagnetic spectrum goes from about 0.75 microns to a few hundred microns. This
means that Webb's instruments will work primarily in the infrared range of the electromagnetic spectrum, with some capability in
the visible range (in particular in the red
and up to the yellow part of the visible
spectrum).
The instruments on Hubble can observe
a small portion of the infrared spectrum
from 0.8 to 2.5 microns, but its primary
capabilities are in the ultra-violet and
visible parts of the spectrum from 0.1 to
0.8 microns. +
Hubble's visible and infrared views of the
Monkey Head Nebula. Credit: NASA and ESA Acknowledgment: the Hubble Heritage Team (STScI/AURA), and J. Hester
Why are infrared observations important to astronomy? Stars and planets that are just forming lie hidden behind cocoons of dust
that absorb visible light. (The same is true for the very center of our
galaxy.) However, infrared light emitted by these regions can
penetrate this dusty shroud and reveal what is inside.
At right are infrared and visible light images from the Hubble Space
Telescope of the Monkey Head Nebula, a star-forming region. A jet
of material from a newly forming star is visible in one of the pillars,
just above and left of centre in the right-hand image. Several
galaxies are seen in the infrared view, much more distant than the
columns of dust and gas.

The Webb telescope is named after James E. Webb (1906–1992), NASA's second administrator. James
Webb is best known for leading Apollo, the series of exploration programs that landed the first humans on
the Moon (JWST). December 25, 2021 07:20am EST (2021-12-25 12:20 GMT)
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Key Facts about JWST:
- Orbits Sun (instead of Hubble, 400 miles above, around the Earth)
- JWST is located at L2* point, about 1 million miles away from the Earth.
- LIFE: 5 years min. May last till 20 years.
- WEIGHT: 6,200 KG
- Mirror Diameter 6.5 m (21.3 ft.)
- Mirror aperture, 25 Sq. Meter.
- Expected to be 100 times more powerful than Hubble telescope
*One of the 5 Lagrangian point where gravitational attraction is minimum and stable, requiring minimum
energy to maintain the orbit.

NASA launches $10 billion James Webb Space Telescope to explore earliest stars
ies
The James Webb Space Telescope has successfully launched
By Ashley Strickland, CNN Updated 9:01 AM ET, Sat December 25, 2021
(CNN)It's a moment that has been decades in the making. The James Webb Space Telescope, NASA's premier space observatory of the next decade, successfully launched on Christmas
morning.

The telescope lifted off atop an Ariane 5 rocket from Europe's Spaceport in French
Guiana at 7:20 a.m. ET.
"We have LIFTOFF of the @NASAWebb Space Telescope!" NASA shared on Twitter.
"At 7:20am ET (12:20 UTC), the beginning of a new, exciting decade of science climbed
to the sky. Webb's mission to #UnfoldTheUniverse will change our understanding of
space as we know it."
The Webb telescope launched from French Guiana Saturday morning.

The Webb telescope has endured years of delays, including a combination of factors
brought on by the pandemic and technical challenges. But the world's most powerful
and complex space observatory will answer questions about our solar system, study
exoplanets in new ways and look deeper into the universe than we've ever been able to.
The European Space Agency aptly referred to it as "an awesome Christmas present" for
the international launch teams, as well as the whole of space science, on Twitter.
NASA Administrator Bill Nelson shared his gratitude for the international teams that
made the mission and the Christmas Day launch possible.
"This is a great day for planet Earth," Nelson said shortly after the launch. "Thanks to
the team. You all have just been incredible. Over three decades, you produced this
telescope that is now going to take us back to the very beginnings of the universe. We
are going to discover incredible things that we never imagined."
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The name of NASA's most powerful telescope is still controversial one month before its
launch
Webb will peer into the very atmospheres of exoplanets, some of which are potentially
habitable, and it could uncover clues in the ongoing search for life outside of Earth.
The telescope comes equipped with a mirror that can extend 21 feet and 4 inches (6.5
meters) -- a massive length that will allow the mirror to collect more light from the
objects it observes once the telescope is in space. The more light the mirror can collect,
the more details the telescope can observe.
The mirror includes 18 hexagonal gold-coated segments, each 4.3 feet (1.32 meters) in
diameter.
It's the largest mirror NASA has ever built, the agency said, but its size created a unique
problem. The mirror was so large that it couldn't fit inside a rocket. So the NASA team
designed the telescope as a series of moving parts that can fold origami-style and fit
inside a 16-foot (5-meter) space for launch.
Webb will act as an infrared detective, detecting light that is invisible to us and revealing
otherwise hidden regions of space, according to NASA.
……
Ball Aerospace optical technician Scott Murray inspects the first gold primary mirror segment of the telescope.

Since 2004, thousands of scientists, technicians and engineers from 14 countries have
spent 40 million hours building the telescope. The telescope includes instruments from
the Canadian Space Agency and the European Space Agency.
Now, Webb is ready to help us understand the origins of the universe and begin to
answer key questions about our existence, such as where we came from and if we're
alone in the cosmos.
What Webb will see
The Webb telescope will look at every phase of cosmic history, including the first glows
after the big bang that created our universe and the formation of the galaxies, stars and
planets that fill it today. Its capabilities will enable the observatory to answer questions
about our own solar system and investigate faint signals from the first galaxies formed
13.5 billion years ago.

7

Knowledgebase - Space Science and Astronomical Calculations

Webb telescope is about to take an unprecedented look at these intriguing exoplanets

The telescope will take a closer look at a selection of exoplanets to peer inside their
atmospheres, if they have them, and help answer questions about how the planets
formed and evolved. Data collected by the telescope can tell scientists if methane,
carbon dioxide or carbon monoxide is in the atmosphere. The gases within these alien
atmospheres could reveal the very building blocks of life.
Other objects of interest for the initial science campaign include observing the
supermassive black hole at the center of the Milky Way, actively forming planetary
systems, bright quasars at the center of galaxies, and leftovers from the formation of our
solar system known as Kuiper Belt Objects.
What it can do
With all of its superlatives, engineering Webb was an extraordinary challenge. The
observatory is comprised of three main elements.
One is the Integrated Science Instrument Module, which holds Webb's suite of four
instruments. These instruments will mainly be used for capturing images or
spectroscopy -- breaking down light into different wavelengths to determine physical
and chemical components.
The main eye of the observatory, called the Optical Telescope Element, includes the
mirrors and backplane, or spine, that supports the mirrors. And then there's the
Spacecraft Element, which includes the spacecraft bus and sunshield

Webb Orbit

HTTPS://WEBB.NASA.GOV/CONTENT/ABOUT/ORBIT.HTML

A Solar Orbit

The James Webb Space Telescope will not be in orbit around the Earth, like the Hubble Space
Telescope is - it will actually orbit the Sun, 1.5 million kilometers (1 million miles) away from
the Earth at what is called the second Lagrange point or L2. What is special about this orbit is
that it lets the telescope stay in line with the Earth as it moves around the Sun. This allows the
satellite's large sunshield to protect the telescope from the light and heat of the Sun and Earth
(and Moon).

8

Knowledgebase - Space Science and Astronomical Calculations

Webb will orbit the sun 1.5 million kilometers (1 million miles) away from the Earth at
what is called the second Lagrange point or L2. (Note that these graphics are not to scale.)
Animation Of Webb's Orbit

Webb's orbit around the sun at L2. Credit: GSFC
Why Does The Direction Of The Earth And Sun Matter?

Webb primarily observes infrared light, which can sometimes be felt as heat. Because the
telescope will be observing the very faint infrared signals of very distant objects, it needs to be
shielded from any bright, hot sources. This also includes the satellite itself! The sunshield serves
to separate the sensitive mirrors and instruments from not only the Sun and Earth/Moon, but also
the spacecraft bus.
+

The temperature difference between the hot and cold
sides of the telescope is huge - you could almost boil water on the hot side, and freeze
nitrogen on the cold side!
The telescope itself will be operating at about 225 degrees below zero Celsius (minus 370
Fahrenheit). The temperature difference between the hot and cold sides of the telescope is huge you could almost boil water on the hot side, and freeze nitrogen on the cold side!
To have the sunshield be effective protection (it gives the telescope the equivalent of SPF one
million sunscreen) against the light and heat of the Sun/Earth/Moon, these bodies all have to be
located in the same direction.
This is why the telescope will be out at the second Lagrange point.
What Is L2?

Joseph-Louis Lagrange was an 18th century mathematician who found the solution to what is
called the “three-body problem.” That is, is there any stable configuration, in which three bodies
could orbit each other, yet stay in the same position relative to each other? As it turns out, there
are five solutions to this problem - and they are called the five Lagrange points, after their
discoverer. At Lagrange points, the gravitational pull of two large masses precisely equals the
centripetal force required for a small object to move with them. The L1, L2, and L3 points are all
in line with each other - and L4 and L5 are at the points of equilateral triangles.
+
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Lagrange Points.
The first Sun-Earth Lagrange point, L1, is 1.5 million km from the Earth towards the Sun, and
there have been many solar observatories located here, including DSCOVR, WIND, SOHO,
and ACE.
There have been other satellites out at Sun-Earth L2, where Webb will be,
including WMAP, Herschel, and Planck.
Some Technical Details: It is easy for an object (like a spacecraft) at one of these five points to
stay in place relative to the other two bodies (e.g., the Sun and the Earth). In fact, L4 and L5 are
stable in that objects there will orbit L4 and L5 with no assistance. Some small asteroids are
known to be orbiting the Sun-Earth L4 and L5 points. However, L1, L2, and L3 are metastable
so objects around these points slowly drift away into their own orbits around the Sun unless they
maintain their positions, for example by using small periodic rocket thrust. This is why L1, L2,
and L3 don't "collect" objects like L4 and L5 do.
Webb At L2

If Webb is orbiting the Sun further out than Earth, shouldn't it take more than a year to orbit the
Sun? Normally yes, but the balance of the combined gravitational pull of the Sun and the Earth at
the L2 point means that Webb will keep up with the Earth as it goes around the Sun. The
gravitational forces of the Sun and the Earth can nearly hold a spacecraft at this point, so that it
takes relatively little rocket thrust to keep the spacecraft in orbit around L2.
And Webb will orbit around L2, not sit stationary precisely at L2. Webb's orbit is represented in
this screenshot from our deployment video (below), roughly to scale; it is actually similar in size
to the Moon's orbit around the Earth! This orbit (which takes Webb about 6 months to complete
once) keeps the telescope out of the shadows of both the Earth and Moon. Unlike Hubble, which
goes in and out of Earth shadow every 90 minutes, Webb will have an unimpeded view that will
allow science operations 24/7.
Communicating With Webb

Webb's position out at L2 also makes it easy for us to talk to it. Since it will always be at the
same location relative to Earth-in the midnight sky about 1.5 million km away - we can have
continuous communications with it as the Earth rotates through the Deep Space Network (DSN),
using three large antennas on the ground located in Australia, Spain and California. During
routine operations, Webb will uplink command sequences and downlink data up to twice per
day, through the DSN. The observatory can perform a sequence of commands (pointing and
observations) autonomously. Typically, the Space Telescope Science Institute will upload a full
week's worth of commands at a time, and make updates daily as needed.
How Long Will It Take Webb To Get To L2?

It will take roughly 30 days for Webb to reach the start of its orbit at L2, but it will take only 3
days to get as far away as the Moon’s orbit, which is about a quarter of the way there. Getting
Webb to its orbit around L2 is like reaching the top of a hill by pedaling a bicycle vigorously
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only at the very beginning of the climb, generating enough energy and speed to spend most of
the way coasting up the hill so as to slow to a stop and barely arrive at the top.
Animation: https://webb.nasa.gov/content/about/orbit.html
Timeline Of Events After Launch:

+









After launch, the telescope will deploy on its 30-day, million-mile journey out to the second
Lagrange point (L2). This video shows the deployment procedure, timeline, and location of
the satellite during deployment.
In the first hour: The ride to space, solar array deployment, and “free flight.” The Ariane 5
launch vehicle will provide thrust for roughly 26 minutes after a morning liftoff from
French Guiana. Moments after second stage engine cut-off, Webb will separate from the
Ariane, which will trigger the solar array to deploy within minutes so that Webb can start
making electricity from sunshine and stop draining its battery. Webb will quickly
establish its ability to orient itself and “fly” in space.
In the first day: Mid-course correction to L2. Ariane will have sent Webb on a direct
route to L2, without first orbiting Earth. During the first day, we will execute the first and
most important trajectory correction maneuver using small rocket engines aboard Webb
itself. We will also release and deploy the high gain antenna to enable the highest
available rates of data communication as early as practical.
In the first week: Sunshield deployment. Shortly after we execute a second trajectory
correction maneuver, we will start the sequence of major deployments, beginning with
the fore and aft sunshield pallets. The next step is separation of the spacecraft bus and
telescope by extending the telescoping tower between them. The tower will extend about
2 meters, and it is necessary at this point in the sequence so that the rest of the sunshield
deployment can proceed. Next, the sunshield membranes will be unpinned and the
telescoping sunshield midbooms will extend – first the port side and then the starboard
side – pulling the membranes out with them. The last sunshield deployment step is
tensioning of the membranes. In the meantime, other things like radiators will be
released and deployed.
In the first month: Telescope deployment, cooldown, instrument turn-on, and insertion
into orbit around L2. During the second week after launch we will finish deploying the
telescope structures by unfolding and latching the secondary mirror tripod and rotating
and latching the two primary mirror wings. Note that the telescope and scientific
instruments will start to cool rapidly in the shade of the sunshield, but it will take several
weeks for them to cool all the way down and reach stable temperatures. This cooldown
will be carefully controlled with strategically-placed electric heater strips so that
everything shrinks carefully and so that water trapped inside parts of the observatory
can escape as gas to the vacuum of space and not freeze as ice onto mirrors or detectors,
which would degrade scientific performance. We will unlock all the primary mirror
segments and the secondary mirror and verify that we can move them. Near the end of
the first month, we will execute the last mid-course maneuver to insert into the optimum
orbit around L2. During this time we will also power-up the scientific instrument
systems. The remaining five months of commissioning will be all about aligning the
optics and calibrating the scientific instruments.
11

Knowledgebase - Space Science and Astronomical Calculations







In the second, third and fourth months: Initial optics checkouts, and telescope
alignment. Using the Fine Guidance Sensor, we will point Webb at a single bright star and
demonstrate that the observatory can acquire and lock onto targets, and we will take
data mainly with NIRCam. But because the primary mirror segments have yet to be
aligned to work as a single mirror, there will be up to 18 distorted images of the same
single target star. We will then embark on the long process of aligning all the telescope
optics, beginning with identifying which primary mirror segment goes with which image
by moving each segment one at a time and ending a few months later with all the
segments aligned as one and the secondary mirror aligned optimally. Cooldown will
effectively end and the cryocooler will start running at its lowest temperature and MIRI
can start taking good data too.
In the fifth and sixth months: Calibration and completion of commissioning. We will
meticulously calibrate all of the scientific instruments’ many modes of operation while
observing representative targets, and we will demonstrate the ability to track “moving”
targets, which are nearby objects like asteroids, comets, moons, and planets in our own
solar system. We will make “Early Release Observations,” to be revealed right after
commissioning is over, that will showcase the capabilities of the observatory.
After six months: “Science operations!” Webb will begin its science mission and start to
conduct routine science operations.

Forces exerted on JWST at L2 point:

Mass of the Moon: 7.36 x 10^22, mj = Mass of JWST
…………

I left the force in terms of the mass of the JWST (in case you didn't notice). Now what
about the force the Earth exerts on the JWST and the force the Sun exerts on the
JWST?

So the force the moon exerts on the telescope is like 100 times less than the Earth and
1000 times smaller than the force the Sun exerts on it. I guess it really wouldn't be too
much of a problem.
(The overall mass of James Webb is about 6,500 kg, or 14,300 pounds on Earth, a little over half
that of Hubble.)
Force of attraction of JWST from MOON = 3.77 x 10^-6
N per KG mass of JWST
Force of attraction of JWST from Earth = 177 x 10^-6
N
“
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Force of attraction of JWST from Sun

= 5930 x 10^-6

N

“

Force on JWST from the SUN = 5,930 x 6,500 x 10^-6 = approx. 40N or 4Kg-force

James Webb Space Telescope Post-Launch Deployment Timeline
James Webb Space Telescope Post-Launch Deployment Timeline (webbtelescope.org)

About This Image
1ST HOUR: Starting at liftoff, the Ariane rocket will provide thrust for a little over 8 minutes. Webb will separate from the Ariane V
launch vehicle a half hour after launch and we will deploy the solar array immediately afterward. We will also release several
systems that were locked for launch.
1ST DAY: Two hours after launch we will deploy the high gain antenna. Twelve hours after launch there will be the first trajectory
correction maneuver by small rocket engines aboard Webb itself.
1ST WEEK: The second trajectory correction maneuver will take place at 2.5 days after launch, shortly after crossing the Moon's
trajectory. We will start the sequence of major deployment just after that. The first deployments are the fore and aft sunshield
pallets, followed by the release of remaining sub-system launch locks. The next deployment is the telescope in which the
telescope and the spacecraft bus move apart from each other by about 2 meters when the deployable tower assembly extends.
The full sunshield deployment with unfolding and tensioning of the membranes can then be initiated. At 6 days we deploy the
secondary mirror, followed by the side wings of the primary mirror.
1ST MONTH: As the telescope cools down in the shade of the deployed sunshield, we will turn on the warm electronics and
initialize the flight software. At the end of the first month, we will do the mid-course correction that ensures that Webb will achieve
its final orbit around L2. Although the telescope cools to near its operating temperature, the Integrated Science Instrument
Module (ISIM) is warmed with electric heaters to prevent condensation on the instruments as residual water trapped in the
materials making up the observatory escapes to the vacuum of space.

……………………….
WEBB Telescope Temperature Readings

https://www.jwst.nasa.gov/content/webbLaunch/whereIsWebb.html
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(12/29/2021, 4:30pm)

Speed of light: 300,000 KM/sec (186,000 miles/sec, 1,08,0000,000 km/hour).

https://www.youtube.com/watch?v=Bnfcbak_qaQ

Gravitation (16 of 17) Escape Velocity, An Explanation ==
Sub “r” for Rocket, “E” for Earth. KE + PE = (KE + PE) at end. When the rocket stops, distance
is infinity and velocity = 0. Drop a hammer (second fig. on right) at 2R distance,.. what is
velocity on surface., No KE, but PE.
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Gravitation (17 of 17 ) Conservation of
Mechanical Energy, Final Velocity of a Satellite ===
https://www.youtube.com/watch?v=O0GBabbhiIc
===========
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r = radius of the Moon + the height of the booster,
Radius of the moon, r = 1738 x 10^3 m

====== End Astronomy lessons by Khan Academy, most likely =====================

======== Trappist-1 Exoplanets = Feb. 2017 ==================================

The speed of light = 5.879 x 10*12 (10 to the power 12) or about 6 TRILLION miles.
Max speed= 5.879 x 10*12 /18,000 = 3.266 x 10*8 = 326 million miles per year.
Max speed of spacecraft is about 326 x 10*6 /(24x365) = 37,000 miles/hour
===== By now you all know about the seven TRAPPIST-1 planet systems (seven
earthlike planets). ……
Key Facts:
- Trappist-1 planets are 40 light years away.
- The nearest star, Alpha Centauri is about 4.5 light years from us.
- Based on current technology, in my estimate, it will take about 72,000 years to go to
Trappist-1
Note:
The fastest outward-bound spacecraft yet sent, Voyager 1, has covered 1/600th of a
light-year in 30 years and is currently moving at 1/18,000th the speed of light. The speed
of light = 5.879 x 10*12 (10 to the power 12) or about 6 TRILLION miles.
– RKR 170226
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New Horizons

http://www.space.com/35796-trappist-1-alien-planets-travel-time.html

New Horizons, the fastest spacecraft ever launched, flew past Pluto in 2015 and is currently traveling
out of the solar system at 14.31 kilometers per second, or about 32,000 mph, according to
NASA's New Horizons tracking page. At this rate, it would take the Pluto probe about 817,000 years to
travel the 39 light-years.

Most, if not all, of the 7 Earth-sized planets in the ultra cool dwarf star system may only face one way
towards their sun, similar to Earth’s moon. Their orbits range from 1.94 days to about 20. Read The
Full Story

======== Mars Facts =========================================
http://www.mars-one.com/
Permanent Settlement The most complex, expensive, and risky part of a mission to Mars is the
return trip. It requires developing bigger rockets that need a larger landing systems and launch
capability on Mars. Permanent settlement is not easy but it is far less complex and requires
much less infrastructure sent to Mars than return missions. Mars One has already started
contracting established aerospace companies to work on the required systems. All systems
require design, construction, and testing, but no scientific breakthroughs are required to send
humans to Mars and to sustain life there. Mission Design A habitable settlement will await the
first crew before they depart Earth. The hardware needed will be sent to Mars in the years
ahead of the humans. This unmanned mission is currently scheduled for 2024. - See more at:
http://www.mars-one.com/#sthash.tNiWVzJK.dpuf

Mars Facts
Distance from the Sun
Diameter
Time to turn on axis (Day)
Time to orbit Sun (Year)
Gravity
Atmosphere
Atmospheric Pressure
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141.7 Million Miles (Earth is 93 M Miles)
4,222 Miles (53% of Earth, 11% of Earth vilume)
24 hours 37 min.
687 days
38% of Earth
95% Carbon Dioxide, 3% Nitrogen
1% of Earth's at sea level
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Temperature at surface - 207 deg. F to 80 deg. F
Time to travel from Earth 6 to 10 months (depending on speed and locations of the planets)

======== Knowledge Origins =========================================
Ancient Greek Philosophy

http://www.iep.utm.edu/greekphi/

The Ancient Greek philosophers have played a pivotal role in the shaping
of the western philosophical tradition. This article surveys the seminal works and ideas of key figures in
the Ancient Greek philosophical tradition from the Presocratics to the Neoplatonists. .........
Socrates, Plato, and Aristotle were the most influential of the ancient Greek philosophers, and they
focused their attention more on the role of the human being than on the explanation of the material world.
The work of these key philosophers was succeeded by the Stoics and Epicureans who were also
concerned with practical aspects of philosophy and the attainment of happiness. Other notable
successors are Pyrrho's school of skepticism and the Neoplatonists such as Plotinus who tried to unify
Plato's thought with theology.
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Greek Pholosophers: Socrates-Plato-Aristotle

Socrates lived from 470 to 399. He is most admired for his quiet irony in undermining conventional ideas.
He was Plato’s teacher.
Plato lived from 428 to 348. He is famous for creating the notion that ideas rule the world. He was
Aristotle’s teacher.
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Aristotle lived from 384 to 322 . He is best remembered for setting the basis to logics as a method. He
taught Alexander the Great.

Plato Timeline

427 BC: Plato is born in Athens,, Greece.
407 BC: Plato meets Socrates, abandons aspiration to be playwright. Starts
developing a strong bond with Socrates
403 BC: Plato turns away from politics toward philosophy.
399 BC: Plato's mentor, Socrates, is sentenced to death by drinking hemlock
hemlock.. Plato could not
bear be by his side due to extreme distress and soon withdraws from social life.
398 BC: Devastated, Plato flees to Megara along with other followers of Socrates.
Socrates
398 BC: Plato travels in Egypt,, Cyrene, Italy, Syracuse and Sicily.
380 BC: Plato decides its time to carry on many of Socrates' teachings and founds The Academy
outside of Athens.
367 BC: Plato makes a second trip to Syracuse. A young Aristotle begins his studies in Plato's
Academy.
361 BC: A final attempt by Plato to make Syracusan king a philosopher
philosopher-king. Plato believed that
a ruler/king shall also be a philosopher in order to govern properly.
347 BC: Plato dies of old age at his Academy. He had requested a girl play the flute for him in
his final moments.
As a result of his death, the Academy's main responsibilities were given to Speusippus, his
sister's son. The Academy served as the model for institutions of higher learning until it was
closed by the Emperor Justinian in 529 CE, almost one thousand years later
later.
346 BC:: Much like Plato did after Socrates' death, Aristotle leaves Athens after Plato's death to
pursue his own line of inquiry.
(Alexandar, born in 356BC is about 10 year old at this time)
And who was Alexander The Great?
When he died at the age of 33, he had overrun half the world with his armies. He brought Greek
knowledge, language, and art towards the East.
Some thought he was a god. He was never defeated, died of a cold.
Context Timeline
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507 bc Athens becomes democratic
490 bc the Persians attack Greece and suffer defeat at Marathon
481 bc the Persians attack again and suffer naval defeat at Salamis
470 bc birth of Socrates
437 bc birth of Plato
399 bc execution of Socrates
384 bc birth of Aristotle
356 bc birth of Alexander the Great
323 bc death of Alexander

Dark Ages (approx. 600- 1600 AD)
Timeline of discovery of Solar System planets and their moons
http://en.wikipedia.org/wiki/Timeline_of_discovery_of_Solar_System_planets_and_their_moons
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Probably the most significant contribution that Galileo Galilei made to science was the discovery of the
four satellites around Jupiter that are now named in his honor.
Galileo first observed the moons of Jupiter on January 7, 1610
through a homemade telescope. He originally thought he saw three
stars near Jupiter, strung out in a line through the planet. The next
evening, these stars seemed to have moved the wrong way, which
caught his attention. Galileo continued to observe the stars and
Jupiter for the next week. On January 13, a fourth star appeared.
After a few weeks, Galileo had observed that the four stars never
left the vicinity of Jupiter and appeared to be carried along with the
planet, and that they changed their position with respect to each
other and Jupiter.
Galileo Galilei
Finally, Galileo determined that what he was observing were not
stars, but planetary bodies that were in orbit around Jupiter. This discovery provided evidence in support
of the Copernican system and showed that everything did not revolve around the Earth.
Galileo realized that the telescope had applications that reached beyond astronomy:
.........
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Space Animation - Our Solar System (Youtube)
https://www.youtube.com/watch?v=gvSUPFZp7Yo
How to Calculate Force of Gravity =================================
Edited by Star*star, Carolyn Barratt, Teresa, Kieran Thompson and 5 others
Gravity is one of the fundamental forces of Physics.
Steps

1.
1
Decide the range of the force. If you are calculating the force of gravity at the surface
of a planet, use F = mg. If you are calculating the force of gravity between objects in
space, use F = GmM/r2.
Ad
23
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2.
2
Convert all of your units into standard units. Distances should be in metres, and
masses in kilograms.

24

Knowledgebase - Space Science and Astronomical Calculations

3.
3
If you are using F = mg:



Find g, the acceleration due to gravity on the planet in question. On the Earth's surface,
this is 9.8 metres per second squared.
Multiply g by the mass of the object. This gives the force of gravity in Newtons.
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4
If you are using F = GmM/r2:





Find m and M, the masses of the two objects in kilograms. Multiply them together.
Find r, the distance between the two objects in metres. Square it.
Multiply the product of m and M by the gravitational constant G, 6.67 x 10^-11
(0.0000000000667).
Divide the result of this by r squared to find the force of gravity in Newtons.

Newton's Law of Gravity Tutorial
Newton's Law:
Newton's Law of Gravity states that 'Every particle attracts every other particle with a
force that is proportional to the product of their masses and inversely proportional to the
distance between them.
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Newton's Law of Gravity Formula:
Gravitational Force:

Mass of Object 1:

Mass of Object 2:

Distance Between the Objects:

where, G = Universal Gravitational Constant = 6.6726 x 10 -11N-m2/kg2 m1 = Mass of
Object 1 m2 = Mass of Object 2 r = Distance Between the Objects.
Newton's Law of Gravity Examples:
Case 1: Determine the force of gravitational attraction between the earth 5.98 x 10 24 kg
and a 70 kg boy who is standing at sea level, a distance of 6.38 x 106 m from earth's
center. m1 = 5.98 x 1024 kg, m1 = 70 kg, r = 6.38 x 106 m, G = 6.6726 x 10-11N-m2/kg2
Step 1:
Substitute the values in the below Gravitational Force formula:

If the gravitational force on the Earth is taken as 1, the comparative forces are:
Sun 27.9
Mercury 0.37
Venus 0.88
Earth 1.00
Moon 0.16
Mars 0.38
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Jupiter 2.64
Saturn 1.15
Uranus 0.93
Neptune 1.22
Pluto 0.06
Weight comparisons can be made by using this table. If a person weighed 100
pounds (45.36 kilograms) on Earth, then the weight of the person on the Moon
would be 16 pounds (7.26 kilograms) or 100 0.16.

EARTH:
MOON:

Radius
Moon to Earth

= 6.38 x 10^6 M, Mass = 5.97 x 10^24
= 3.84 x 10^8 M, Mass = 7.34 x 10^22

Gravitational Constant, G
= 6.6726 x 10^(-11)
Acceleration Due to Gravity = 9.8 M/sec^2
Read more: http://www.answers.com/topic/what-is-the-gravitational-force-on-each-of-the-planets-the-moon-and-the-sun-relative-to-theearth#ixzz2zeAhQ163

This example will guide you to calculate the Gravitational Force manually. Case 2: Find
the mass of one object if the magnitude of the gravitational force acting on each particle
is 2 x 10-8, the one mass is 25 kg and the objects are 1.2 meters apart F = 2 x 10 -8, m2
= 25 kg, r = 1.2 m, G = 6.6726 x 10-11N-m2/kg2.
Step 1:
Substitute the values in the below Mass formula:

This example will guide you to calculate the Mass of the object manually.
Force attracting Earth and Moon
To calculate the gravitational force pulling the Earth and Moon together, you need to know their separation and the
mass of each object.
Distance
The Earth and Moon are approximately 3.844*105 kilometers apart, center to center. Since the units of Gare in
meters, you need to change the units of separation to meters.
R = 3.844*108 m
Mass of each object
Let M be the mass of the Earth and m the mass of the Moon.
M = 5.974*1024 kg
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m = 7.349*1022 kg
Force of attraction
Thus, the force of attraction between the Earth and Moon is:
F = GMm/R2
F = (6.674*10−11 N-m2/kg2)(5.974*1024 kg)(7.349*1022 kg)/(3.844*108 m)2
F = (2.930*1037 N-m2)/(1.478*1017 m2)
F = 1.982*1020 N
Note: Notice how all the units, except N, cancelled out.

Attraction between Earth and Moon

Force attracting boy and girl
If a boy who weighed 75 Newtons (kg-force) or 165 lb sat 0.5 m (19.7 in) from a 50 kg-force
(110 lb) girl, what would be the gravitational attraction between them?
Note: It is common—but scientifically incorrect—to state a person's weight in kg, which is mass.
Care must be taken to distinguish between units of weight and mass. Newtons or kg-force are
weight and kg or kg-mass are units of mass.
Also note: The separation between the boy and girl is measured from the center of the first
person to the center of the other.
In order to establish the force between the two people, their weights must be converted to units
of mass. That means dividing each weight by 9.8 m/s 2. Thus, the mass of the boy is:
M = 75/9.8 = 7.653 kg-mass
The mass of the girl is:
m = 50/9.8 = 5.102 kg-mass
Substituting the values into the equation, you get:
F = GMm/R2
F = (6.674*10−11)(7.653)(5.102)/(0.5)2 N
29
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F = 260.59*10−11/0.25 N
F = 1040.361*10−11 N
This is approximately:
F = 10−8 N or 0.01 millionth of a newton
That is a very small gravitational attraction, but it can be measured on a sensitive instrument.
Force attracting girl and Moon
What is the gravitational pull from the Moon on the 50 kg-force (110 pound) girl?
You need to find the separation between the Moon and the surface of the Earth. Since the
separation between the centers of the Earth and Moon is 3.844*10 8 m, you subtract the radius of
the Earth (6371 km) to get the distance to the Earth's surface:
6371 km = 6,371,000 m = 0.064*108 m
R = 3.844*108 m − 0.064*108 m = 3.780*108 m
Thus, the force between the girl and the Moon is:
F = GMm/R2
F = (6.674*10−11)*(5.102)*(7.349*1022)/(3.780*108)2 N
F = 250.239*1011/14.228*1016 N
F = 17.588*10−5 N
F = 1.759*10−4 N = 0.000176 N
The girl would not notice the pull from the Moon, since the gravitation pull on her toward the
Earth is 50 N (50 kg-m/s 2 or kg-weight), which is much larger. But still, she is attracted more
toward the moon than toward the boy who was sitting next to her.
Summary
You can apply the Universal Gravitation Equation to show the force of attraction between two
objects. With this equation, you can show the force between the Earth and the Moon is F =
1.982*1020 N, between a boy and a girl is F = 10−8 N and between the Moon and a girl is F =
1.759*10−4 N.
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