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AIM: To read and understand astronomical images Useful vocabulary To expand = To increase in size To bulge: Gonfler A pattern: Un motif To counteract: Contrebalancer To sweep up : Balayer Motionless: Immobile An insight : Un aperçu Scientific vocabulary Contours: Courbes de niveau Magnitude: Grandeur Most of us have previously seen beautiful, colorful images of space. As scientists, we can also use those images to study the Universe. Here, we will look at some images and determine what information we can get out of them. There are 6 images available below, and you will work by teams of 3. Each team will randomly draw an image and answer the associated questions from the given documents. Homework: Prepare a 5 minutes INDIVIDUAL presentation presenting the answer to each question. [There is no need to be fancy or to use the internet - just answer the questions using the documents and your knowledge, in the simplest way possible.] Next time, one person from each group will be randomly chosen to give the presentation. A slide of the image will be available on the board for the presentation, as well as the questions asked about the image. Note: if you have difficulties with documents, do not hesitate to contact the professor (in person or by email)



The available images are: Cosmic Microwave Background



Supernova remnant 1987A



Earth gravity field variations



Aurora borealis and Earth magnetic field



Hubble Ultra Deep Field



Sun-Earth Lagrangian points
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Cosmic Microwave Background



All-sky CMB radiation Credit: WMAP With a traditional optical telescope, the space between stars and galaxies (the background) is completely dark. However, a sensitive radio telescope shows a faint glow, almost isotropic (the same way in all directions) that is not associated with any star, galaxy, or other object. This glow is strongest in the microwave region of the light spectrum: it is the cosmic microwave background (CMB). The CMB is electromagnetic radiations left over from the beginning of the Universe in the Big Bang theory. It is an emission of uniform, black body thermal energy coming from all parts of the sky, and it is an important source of data on the early universe because it is the oldest electromagnetic radiation in the universe. When the universe was young, before the formation of stars and planets, it was denser, much hotter, and filled with a uniform hot fog of hydrogen plasma (the fourth state of matter, a mix between liquid and gas). As the universe expanded, both the plasma and the radiation filling it grew cooler. Nowadays, the CMB has a thermal black body spectrum at a temperature 2,72 K. The photons that existed at that time have been propagating ever since, although growing fainter and less energetic, since the expansion of space causes their wavelength to increase over time (and wavelength is inversely proportional to energy according to Planck's relation). CMB maps show radiation intensities, which are closely related to temperature variations. The glow is very nearly uniform (looking the same) in all directions, but the tiny variations show a very specific pattern, the same as that expected of a fairly uniformly distributed hot gas that has expanded to the current size of the universe. Precise measurements of the CMB are critical to studying the universe, since any proposed model of the universe must explain this radiation. This is a very active field of study, with scientists seeking both better data (for example, with the Planck spacecraft) and better interpretations of the initial conditions of expansion. Although many different processes might produce the general form of a black body spectrum, no model other than the Big Bang has yet explained the variations. As a result, most cosmologists consider the Big Bang model of the universe to be the best explanation for the CMB. Source: https://en.wikipedia.org/wiki/Cosmic_microwave_background



Questions 



Briefly explain what CMB is and why it is interesting to astronomers.







What type of field is it? What physical property is depicted on the image? How do we read it?







Using the image, explain the following terms: uniform; isotropic.
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Supernova remnant 1987A



An overlay of radio emission (contours) and a Hubble space telescope optical image of Supernova 1987A. Credit: ICRAR (radio contours) and Hubble (image.) A supernova is the last evolutionary stages of a massive star's life, whose dramatic and catastrophic destruction is marked by one final titanic explosion. A supernova ejects much of the material away from a star at very high speeds. This creates an expanding and fast-moving shock wave into the surrounding interstellar medium (the material present between stars), which, sweeps up an expanding shell of gas and dust, called a supernova remnant. Supernovae play a significant role in enriching the interstellar medium with the heavier atomic mass chemical elements. Furthermore, the expanding shock waves from supernovae can trigger the formation of new stars by compressing gases. SN 1987A was a supernova in the Large Magellanic Cloud (a satellite galaxy of the Milky Way). It occurred in 1987, approximately 168,000 ly from Earth: this was close enough to be easily visible to the naked eye. It was the first opportunity for modern astronomers to study the development of a supernova in great detail, and its observations have provided much insight in this subject. Sources : https://en.wikipedia.org/wiki/SN_1987A



and



https://en.wikipedia.org/wiki/Supernova



On February 23, 1987, the brightest extragalactic supernova in history was seen from Earth. Now, many years later, astronomers have taken the highest resolution radio images ever of the expanding supernova remnant. Scientists study the evolution of supernovae into supernova remnants to gain an insight into the physics of these massive explosions and the interaction of the blast wave with the surrounding medium. Moreover, supernova remnants are like natural particle accelerators, the radio emission we observe comes from electrons spiraling along the magnetic field lines and emitting photons every time they turn. The higher the resolution of the images (the size of the smallest details one can see) the more we can learn about the structure of this object Source : https://www.universetoday.com/101180/first-ever-submillimeter-radio-images-of-supernova-1987a/



Questions 



Briefly explain what a supernova is and why it is interesting to astronomers.







What type of field is it? What physical properties are depicted on the image? How do we read it?







Why is it interesting to represent both optical and radio wavelength on the same image?
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Earth gravity field variations



Gravity anomaly map (source: https://www.nasa.gov/mission_pages/Grace/multimedia/GravityFieldCombob.html)



The precise strength of Earth's gravity varies depending on location. The "average" value at the Earth's surface, known as standard gravity is 9.81 N.kg-1. A perfect sphere whose density varies only with distance from its center, would produce a gravitational field of uniform magnitude at all points on its surface, always pointing directly towards the sphere's center. The Earth is not spherically symmetric, but is slightly flatter at the poles while bulging at the equator. There are consequently slight deviations in both the magnitude and direction of gravity across its surface. Moreover, local differences in topography (such as the presence of mountains) and geology (such as the density of rocks) cause local differences in the Earth's gravitational field, known as gravitational anomalies. The study of these anomalies is called gravitational geophysics. https://en.wikipedia.org/wiki/Gravity_of_Earth



The Gravity Recovery and Climate Experiment (GRACE) was composed of two satellites, which took detailed measurements of Earth's gravity field anomalies for 15 years. By measuring gravity anomalies, GRACE showed how mass is distributed around the planet and how it varies over time. Data from the GRACE satellites is an important tool for studying Earth's ocean, geology, and climate. From the thinning of ice sheets to the flow of water and the currents of magma inside Earth, mass measurements provided by GRACE help scientists better understand these important natural processes. https://en.wikipedia.org/wiki/Gravity_Recovery_and_Climate_Experiment



Questions 



What type of field is it? What physical property is depicted on the image? How do we read it?







Briefly explain what gravitational anomalies are and why it is interesting to geologists.







Is the phenomenon specific to Earth, or can we expect it on other planets? Explain.
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Aurora borealis and Earth magnetic field



Earth magnetic field lines and the interaction with solar winds (source: http://www.suntrek.org/blog/science-northern-lights-aurorae-borealis)



Earth's magnetic field extends from the Earth's interior out into space. It is roughly the field of a magnetic dipole, as if there were a bar magnet placed at the center of the Earth. The North geographic pole is actually the south magnetic pole of the Earth's magnetic field, and the South magnetic pole is the north geographic pole. The Earth's magnetic field serves to deflect most of the solar wind (a stream of charged particles emanating from the Sun), which would otherwise strip away the ozone layer that protects the Earth from harmful ultraviolet radiation https://en.wikipedia.org/wiki/ Earth%27s_magnetic_field



When particles from the Sun reach Earth, something strange happens: it’s as if they are deflected by an invisible shield – the Earth’s magnetic field. Some particles are accelerated by the Earth’s magnetic field and are guided along the magnetic field lines towards the polar regions of the Earth. Eventually they collide with atoms in the Earth’s atmosphere, and they cause oxygen and nitrogen atoms to become excited and to emit light (in the same ways as in fluorescent lights). The result is a dazzling dance of green, blue, white and red light in the sky called aurora borealis. http://www.suntrek.org/blog/science-northern-lights-aurorae-borealis



Questions 



Briefly explain what the Earth magnetic field is and why it is essential to life.







What type of field is it? What physical property is depicted on the main image? How do we read it?







What is an aurora borealis due to? Explain what the color of the aurora depends on and what the physical process behind it is.
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Hubble Ultra Deep Field



Hubble Ultra Deep Field (source: https://en.wikipedia.org/wiki/Hubble_Ultra-Deep_Field)



The intensity of light as a function of the distance from the light source follows an inverse square law: the farther away the source is, the dimmer it looks. Moreover, since light has a finite speed, the further away an astronomical object is, the further back in time we are looking (since we are seeing it as it was in the past). Finally, photons coming from the source propagate, growing less energetic and thus causing its wavelength to increase over time (and wavelength is inversely proportional to energy according to Planck's relation). Adapted from https://imagine.gsfc.nasa.gov/features/yba/M31_velocity/lightcurve/more.html



The Hubble Ultra-Deep Field (HUDF) is an image of a small region of space, made from Hubble Space Telescope data at different wavelength (ultraviolet to infrared light). It is the deepest image of the universe ever taken (looking at objects very far away). The area of the rectangular image is approximately one tenth of the apparent area of a full moon viewed from Earth, which corresponds to roughly one thirteen-millionth of the total area of the sky. The field is so small that almost all of the 10,000 objects in the image are galaxies, some of which are among the youngest and most distant known. Looking back approximately 13 billion years, the HUDF has been used to search for galaxies that existed at that time. One of the most important findings was the discovery of large numbers of galaxies at large distances, within a billion years after the Big Bang. It has also improved the study of galaxies, their numbers, sizes and luminosities at different times, aiding investigation into the evolution of galaxies. https://en.wikipedia.org/wiki/Hubble_Ultra-Deep_Field



Questions 



Briefly explain why the further away an astronomical is, the further back in time we are looking.







What can we see on the image? What information can we get out of it?







What are the two reasons why, when comparing two galaxies, one would look blue and the other red?
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Sun-Earth Lagrangian points



Contours of the Sun-Earth combine forces intensity (source: https://en.wikipedia.org/wiki/Lagrangian_point)



Lagrangian points are positions where a small object affected only by gravitational forces from two large bodies can keep its position relative to these bodies. It is where the combined gravitational pull of the two large masses allows the smaller object to move with them (and not around them). For example, an object which is closer to the Sun than Earth would normally feel a greater pull from the Sun and thus orbit the star in less time that the Earth does. But that ignores the effect of Earth's own gravitational pull: if the object is at the L1 position, between Earth and the Sun, then Earth's gravity counteracts the Sun's pull on the object, the forces cancel and the object is at equilibrium (it doesn’t move relative to Earth and the Sun). In another example, the L4 and L5 positions lie at the corners of the two equilateral triangles whose common base is the line between the Earth and the Sun, in the plane of the Earth orbit. At these points, the gravitational forces from Sun and the Earth act on the barycenter of the 3 bodies system (the point of equilibrium of the system), keeping the third body motionless relative to both massive objects. https://en.wikipedia.org/wiki/Lagrangian_point



Questions 



Briefly explain what the gravitational force is and why it is important in astronomy.







What type of field is it? What physical property is depicted on the image? How do we read it?







Explain why the SOHO space telescope (which observes the Sun) was placed at L1, while the Hershel space telescope (which observes the universe outside the solar system) was placed at L2.
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