Hunting for Asteroids

with the National Schools’ Observatory

This is 900 metre wide crater is in Wolfe Creek,
Australia. It was caused by an asteroid 300,000
years ago, but what is an Asteroid ?

Definition of an Asteroid

Asteroids are rocky and metallic objects that orbit the
Sun, but are too small to be considered planets.

They are also known as minor planets.

Asteroids range in size from
4 Vesta, which has a diameter
of about 530 km (the Moon is
about 3500 km), down to the
size of small pebbles which
can be held in your hand.
HST image of 4 Vesta

Only 15 asteroids have diameters over 240 km.
They have been found from inside Earth's orbit to
beyond the orbit of Saturn.

Most, however, are contained within a main belt that exists between
the orbits of Mars and Jupiter. Some even have orbits that cross
Earth's path and have even hit the Earth in times past.

Here are two examples of asteroids
Name: Gaspra
Size: 17 x 10 km
Location: Asteroid Belt
This image was taken in October
1991, when the Galileo spacecraft
passed within 1600 km on its way
to Jupiter. (Courtesy Nasa/JPL)

Name: Ida
Size: 56 x 24 km
Location: Asteroid Belt
Image obtained in 1993 when
Galileo passed within 2400 km
(Courtesy Nasa/JPL).

We have even sent spacecraft to them

Can you see all the
craters made by the
impact of other smaller
asteroids ?

Name: Eros

Size: 35 x 15 km

This movie was obtained during an approach by the Near Earth
Asteroid Rendezvous spacecraft (Courtesy Nasa/JPL).

Asteroids on a collision course with Earth are called meteoroids.
When a meteoroid strikes our atmosphere at high velocity, friction
causes this chunk of space matter to incinerate in a streak of light
known as a meteor. If the meteoroid does not burn up completely,
what's left strikes Earth's surface and is called a meteorite.

Past Meteor Impacts
Whilst many small asteroids hit Earth on a daily basis, they are too small
to cause any damage. However, scientists have found plenty of evidence
that much larger asteroids have hit the Earth in the past.

Events like the Barringer Crater in Arizona (above left) are thought to occur once
every 1,000 years. This 1.6 km wide crater was created by a meteor that was just
40 metres across. The central picture is a radar image of the sea-bed off the
Mexican coast. The Chicxulub event that created it was thought to have caused
global devastation and may even have wiped out many of the dinosaurs.
Thankfully the 1km+ sized asteroids that are capable of doing serious damage
only thought to come along every few million years.

What can we do to protect ourselves?

Thankfully, we can now build technology to protect ourselves from
dangerous asteroids. The image above shows a NASA design for a
spacecraft, known as a gravity tractor, that uses gravity to change the path
of asteroids so that they pass well clear of Earth. However, for this to be
effective, we must detect large asteroids well before they crash into Earth.

It is therefore comforting to know that many astronomers around the world
are engaged in searching the night skies for such rogue objects.

Liverpool Telescope
We will now hunt for asteroids using the
world’s largest robotic telescope, the
Liverpool telescope, sited on the island of
La Palma in the Canary Islands.
Height - 8 metres, Weight - 25 tonnes

Hunting for Asteroids?
Before we start the investigation, we need to ensure that we
have installed the “LTImage” image processing software on
your system. LTImage is freely available on the NSO
website at the following link:
http://www.schoolsobservatory.org.uk/astro/tels/ltimage
You also need to have access to the Liverpool telescope
images that are included with this learning activity.
The ah_demo-1.fits to ah_demo-4.fits files are simulated
data for you to practice on, whilst the ahunt-10-1-1.fits to
ahunt-10-1-4.fits data are real observations of a Near Earth
Object (NEO), called 2001 GQ2, that were taken just before
midnight on the 5th April 2009.

Open the LTImage software

When you first open LTimage the viewing area (where this
text is) appears blank. This just mean there is no data
loaded into the buffers.
The lower right portion of the LTImage window confirms that
all four image stores are empty since no preview images are
shown in the small boxes above the numbered image stores.
Check that the first image store is selected, such that a dot
appears in the little circle next to the number 1, as below.

Loading in an Image

It’s now time to load in some data. Select the File menu and
then the Open Data Image option. Navigate to the unzipped
directory containing the Liverpool telescope images, and
select the ah-demo-1.fits file.

Scaling the Image
Don't worry about the darkness of the image, this is quite
normal. The telescope detector was designed to count the
number of photons (packets of light) it receives, rather
than to take pretty pictures. When an image appears dark,
it just means that we didn’t get many photons from objects
in the image. To reveal more detail from dimmer objects in
the frame, we need to adjust the scaling.
To scale the image, select the Display menu and then the
Scaling option. Now use the mouse to click, hold and drag
the right-hand slider bar down until more detail is reveled.
When you are happy with what appears in the preview
window above the sliders, release the mouse button.
Finally, click on the Use new Values button and the image
will be scaled accordingly.

Load in the remaining images

Once you have scaled the first image, it is time to load
in the remaining images. Select the second image
buffer and then load in ah_demo-2.fits.
Once loaded, you can scale the second image in the
same way as the first.
Repeat the process by loading ah_demo-3.fits and
ah_demo-4.fits into the third and fourth image buffers.
Once again, scale the images as before.
We are now ready to hunt for asteroids.

Blinking the Images
If we look at just one image, we have very little chance
of determining which bright objects are asteroids and
which are stars or distant galaxies.
However, we improve our chance by looking at images
of the same part of sky that were taken a few minutes
apart. Because stars are so far away they do not
appear to move in relation to one another. Asteroids, on
the other hand, are relatively close and will therefore
appear to move from image to image.
The best way to spot this is through a process known
as blinking. To start with, you click on the first image
buffer so that the circle is highlighted. Now, whilst
looking at the viewing area, use the right arrow on the
keyboard to switch between images.

Finding the asteroid

Whilst “blinking” the images, look carefully around the
screen for any objects that appear to be moving. The
data you are now using is simulated to contain two
asteroids – one bright and one dim.
Once you have located one of the asteroids, you will
have done it in the same way as professional
astronomers – although they also use computers.

If you are having difficulty in finding the asteroids, the
next page will provide some clues.

The bright asteroid is in this region.

The dim asteroid is in this region.

Estimating it’s speed

If you are feeling up to a few calculations, you can
now calculate how far and fast the asteroid is
travelling. Start by selecting the Size and Distance
option from the Astro menu.
Next you click on the first image store, such that a dot
appears in the little circle next to the number 1. Now
move the mouse so that it points at the middle of the
asteroid you found, but do not click the mouse button.
Now use the right button on the keyboard to select
image store number 4.

Estimating it’s speed

Now click and hold the left mouse button at the point
where the mouse was left and then move the arrow to
the new location of the asteroid – a yellow triangle will
appear as you do so. Once there, release the left
mouse button and the triangle will turn blue.

The software then calculates the number of pixels
between the asteroid in the first and fourth image.
Write down the number of pixels.

Calculating the distance

We now know the distance in pixels, but need to
convert this into kilometres.
To do this select Calibration information from the
Image Properties option in the Astro menu.
The software will reveal how many km there are per
pixel. Use this information to calculate the distance.
You should get an answer around 28,000 kilometres.

Calculating the speed
Now you have the distance in kilometres, we need to
find out how much time elapsed between observations.
If we know the distance and time, then the speed is
easy to calculate through the standard speed =
distance / time formula.
Now select The Observation information from the
Image Properties option in the Astro menu. This gives
the time of the fourth observation - note it down. Do the
same for the first image and calculate the time between
the observations in seconds.

You should get an answer around 5 km/s for the speed.
(for comparison, an aeroplane travels around 0.2 km/s)

Now look for the NEO 2001GQ2 in the real data

Now that you have found our simulated asteroids, use the same technique
to find asteroids in the real data.
ahunt-10-1-1.fits, ahunt-10-1-2.fits, ahunt-10-1-3.fits, ahunt-10-1-4.fits

Note that we are still trying to determine the exact orbit of NEO 2001GQ2,
so we are not yet sure how far away it is. As such we do not have a
calibration to calculate the distance travelled and speed. This is the case for
most newly discovered asteroids, and highlights the fact the we need to
monitor these objects for several months in order to determine if they may
be a threat in years to come or not.

