G9UE Space Exploration Unit Notes


Topic 1: For Your Eyes Only

Frame of reference: is where we measure something from.  So, if the frame of reference is moving it will effect how we view motion/the location of things.

· we view the frame of reference as not moving.

Example:  A car is moving at 60km/h North.  There is a sign ahead of him on the road.

· What is the speed of the sign relative to the car?  (this uses the car as a frame of reference, so we think like the car isn’t moving).

The sign would look like it has a speed of 60km/h.

· What is the speed of the sign relative to the ground?  (this uses the ground as the frame of reference, so we think like the ground isn’t moving).

The sign would look like it has a speed of 0km/h

***Note:  velocity is a speed going in a direction

Altitude and Azimuth:

· When you measure the location of a celestial body you need to know the altitude (measured with an astrolabe from the horizon- the horizon is at 0º and directly above you is 90º) 

· You also have to measure the direction of the celestial body.  You measure the direction in degrees clockwise starting at North.  So North is 0º, East is 90º, South is 180º and West is 270º.  

· When you record the Altitude and Azimuth, the altitude is recorded first and the Azimuth is recorded second.

· The altitude and azimuth of celestial bodies changes because of 3 factors

1. the rotation of the Earth around it’s axis

2. the orbiting of the Earth around the sun

3. the movement of the Object in space

2 Models of the Solar system
1. Geocentric – (started by Aristotle and made famous by Ptolemy) the earth is at the center of the solar system (supported by the way the stars seem to travel around the earth) – eventually the idea of epicycles, or little cycles within the celestial bodies was created to support this model.

Heliocentric – the sun is the center of the solar system.  This model was ignored for a long time.  It was first suggested by Nicholas Copernicus.  Galileo was the one who first proved the heliocentric model of the solar system by seeing the moons of Jupiter orbiting Jupiter, and not the earth.

2. Topic 2 Stronger Eyes and Better Numbers.
· The telescope (created by Hans Lippershey) helped clarify the objects in space.  Galileo Galilei refined the telescope and supported the Heliocentric model of space as suggested by Copernicus.
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Refractive telescope




Reflective telescope.

· Refractive telescopes originally distorted colours (different colours refract differently because the have different wavelengths).  This was over come with the improvement of lenses.

· Reflecting telescopes are bigger to get good images of objects that a smaller refracting telescope can get.  But the good thing is that Reflecting telescopes can be very large (Like the one in Goldeneye).

Galileo
· Refined the telescope and used it to prove the heliocentric model of the solar system.   He was famous for saying that models (scientific models) needed to be criticized against what was observed in nature.

· Galileo also observed sunspots on traveling around the sun (sun rotates) and the moon having craters and mountains.

Kepler
· Determined that the planets traveled around the sun in ellipses.  Kepler was a mathematician and his math confirmed Copernicus’s heliocentric model of the solar system using the observational data of Tycho Brahe.

· Kepler also figured out the size and dimensions of all the planets as well as their orbits as they were known to travel around the sun.

Universal Gravitation
· Issac Newton explained the orbit of the celestial bodies by determining the Law of Universal Gravitation.  The law says that all objects (have mass) have gravitational attraction between them.  If there wasn’t gravity the planets would travel in a straight line.  The gravity pulls the planets to the sun and the speed of the planet moving keeps the planet from being pulled into the sun.

Magnification (from topic 2)

· All telescopes magnify objects so that they appear bigger to our eye.

· There are two ways to calculate magnification.

1. Compare the actual size of an object (that we see with our bare eye) to the magnified object (through a telescope), then tell how many times bigger the object looks through the telescope.  For example

2. The other way is to make a ratio between the focal length of the 

Magnification = Focal length OBJECTIVE Lens



   Focal length OCCULAR Lens (eyepiece)
Topic 3: 
The Doppler Effect:

· When something that makes a wave (like sound or light) is moving away or towards you, you can tell what direction it is moving by the wavelength change.

· If something moves towards you the wavelength gets shorter because the speed of the thing is adding to the wave speed.

· If something moves away from you the wavelength gets longer because the speed of the thing is subtracted from the wave speed.


· The Doppler effect is noticeable with sound, when a siren in moving towards and away from you.

Spectroscopy – the study of Light

Using a narrow slit to produce a beam of light and passing that light through either a prism or a diffraction grating produces a spectrum.  There are three kinds of spectra that can be observed.

Continuous spectrum – from heated high pressure gas, heated liquids, or heated solids.

Emission (bright line) spectrum – from a heated low pressure gas

Absorption (dark line) spectrum – from a continuous spectrum going through a cooler gas.

Red Shift and Blue Shift Spectra: the lines of a spectrum appear to be shifted toward the red or blue end of the spectrum. This indicates the direction of motion of the light source.

· The wavelength of light controls what colour light is seen.

· When a star moves towards us the light appears to be bluer (smaller wavelength)

· When a star moves away from us, the light appears to be reder (larger wavelength)

Magnification (from topic 2)

· All telescopes magnify objects so that they appear bigger to our eye.

· There are two ways to calculate magnification.

3. Compare the actual size of an object (that we see with our bare eye) to the magnified object (through a telescope), then tell how many times bigger the object looks through the telescope.  For example

4. The other way is to make a ratio between the focal length of the 

Magnification = Focal length OBJECTIVE Lens



   Focal length OCCULAR Lens (eyepiece)
Topic 4: Bigger and Smarter Telescopes

· You can combine telescopes information to improve the telescope.  Computers make this possible.

· Computers also make it possible to reduce the distortions from the atmosphere seen through a telescope (twinkling stars).  This is done with adaptive optics which correct for changes in the atmosphere.

Distance to the stars
· You can calculate distances using triangulation.

· To triangulate (calculate distance using angles of a triangle and a baseline) a stars distance, you need a long baseline (the longer the baseline the more accurate the measurement).  Astronomers do this by measuring the angle to a star on one side of the sun then from the other side of the sun, six months later).

· The longer the baseline, the smaller the baseline angles and the more accurate the triangulation.

Steps for Triangulation if you have the 2 baseline angles and the length of the baseline:

1. Draw the baseline (at the bottom of the page if you’re doing it on paper).

2. Put a mark at the left side of the page (location of angle X).

3. Measure baseline distance (using a scale) putting a mark at the right side of the page (location of angle Y)

4. Use a protractor to measure angle X, and put a tick mark along that angle.  Draw a line through the tick mark off the page.

5. Use a protractor to measure angle Y, and put a tick mark along that angle.  Draw a line through the tick mark off the edge of the page.

6. Find the distance from the intersection of the line to the baseline (so that there is a right angle at the baseline).

When you calculate the % error for you measurement (it is a comparison between the distance you measure to the actual distance)

% error = model distance – actual distance   x 100% = 



     actual distance

The longer the baseline the more accurate the distance, and the larger the scale, the more accurate your triangulation will be.

Triangulation of the Stars

· triangulation of stars is done by measuring the X angle to the star from the earth, then measuring the Y angle to the star six months later.  This uses the diameter of the Earth’s orbit around the sun as the baseline.

AU and Light Years:


AU = astronomical units = distance from the sun to the Earth (150 000 000 km)


These are used to measure distances between the planets.

Light year = 63240 AU = distance light travels in one year.


These are used to measure distances between the stars.
Topic 5: What Channel is That?

1. Light is one form of electromagnetic radiation.

2. Radio waves are another form of electromagnetic radiation which has a long wavelength and allows for radio astronomy.
Here is a copy of the electromagnetic spectrum.
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· Note: that the difference in kinds of radiation is the wavelength and the frequency of the waves (shorter wavelength = greater frequency = greater energy)

Radio Telescopes
· Karl Jansky identified radio interference using a radio antenna.  

· interference on the radio lines changed with the movement of the sun and other celestial bodies.

· Grote Reber made the first radio telescope (an antenna and a dish).  

· He used this radio telescope to find radio objects (or objects in space that give off large amounts of radio waves).

Bigger Radio Telescopes

· Radio waves have long wavelengths and won’t produce clear images like light waves (shorter wavelength).

· Radio waves travel through dust clouds, so images can travel further in space.

Colour and Radio Waves:
· You can’t actually see radio waves, but the strength of the radio wave can be changed by computers into colours that we can see.

· Active radio galaxies are galaxies that emit radio waves in large quantities.

Connecting Radio Telescopes:
· Two Radio telescopes that are separated by large distances can have their information processed by a computer, providing information that is as large as one telescope as large as the space between the two telescopes.  This is called interferometry.

· Using satellites and improved computers, it is possible to make telescopes bigger than earth.    This is called Very long baseline  interferometry (VLBI)
Above the Atomsphere:
· Telescopes in space don’t have any distortion by the atmosphere.

Rockets:

· A rocket is a tube filled with combustible fuel.  The payload is what the rocket is moving into space.
· Rocket fuel: produces exhaust which leaves the back of the rocket and propels the rocket forward.  The speed the exhaust leaves the rocket is the exhaust velocity.  Originally rocket fuel was solid (like gunpowder).  
· Dr. Robert Goddard (American) was the first scientist to launch a liquid fueled rocket (it has a higher exhaust velocity).  He also developed the idea of staged rockets (stages are part of the rocket that are dropped when they are used up).
· V-2 Rocket: Werner von Braun developed the V-2 rocket, the first ballistic missle (explosive).  
· The Americans caught Braun and took him to America to make missiles.
· The Russian Vostok, Voshkod and Soyuz missiles were developed by Sergei Korolev, who watched the rockets tested in Germany.
· Computers: Were essential to control and organize launches, orbits, keep track of satellites, collect, store and analyze data.

Using Gravity:

· Gravitational assist: using a planets gravity to sling shot a space craft faster.
Clarifying Images:
· Images can be clarified using computers (reduce noise).  Information from radio telescopes  is recorded by Charge Coupled Devices (CCDs) instead of photographs.

The Hubble Telescope
· Is an artificial satellite that was launched by the Space Shuttle.  It takes images of space and transmits the information to computers at NASA.

Satellites
1. Communication Satellites: are used for communications like television, cell phones, etc.

· Geosynchronous satellites: orbit about 36000km from the earth at the same speed as the earth rotates (once around the earth every 24hours).  They appear to be motionless above the sky.  These are used for TV signals.

· Low Earth orbit (200-800km above earth).  They orbit earth every 1.5hours.  These are close enough to earth to let fast signaling (like for phone conversations).

2. Observation and Monitoring Satellites: help with weather prediction and vehicle movement.  

· LANDSAT is a Series of satellites that use infrared sensors to see heat sources and problems with heat.

3. Remote Sensing Satellites: measure healthy vegetation, forest depletion, water pollution, erosion, land use, weather.

Global Positioning System (GPS):

· was developed for military purposes but has non-military uses now.

· NAVSTAR- A fleet of satellites for tracking and ranging.  There are always at least 3 NAVSTAR satellites above the horizon at any time. 

· GPS uses triangulation and radio waves to locate your exact position on Earth.

Topic 7 The Solar System Up Close – see attached Mindmap
The Sun:
· Is mostly hydrogen that is heated by fusion reactions (a kind of nuclear reaction).  The sun’s gravity is so large it causes the fusion reactions.

· The heated gas causes light to develop.

· Solar wind, or outflow of high energy subatomic particles define the solar system.

· The sun’s diameter is 110x the diameter of Earth.

The Moon:
· First visited by Americans Neil Armstrong and Edwin Aldrin.

· The Moon rotates at the same rate that it takes to travel around the earth, so we never see the other side of the moon.

The Planets:
· There are two general classifications of planets: inner planets  terrestrial planets or mountainous) or outer planets (gaseous planets).

VOYAGER space craft: These spacecraft were sent to the edges of the Universe using gravitational assist from planets.  Neither Voyager 1 or Voyager 2 made it as far as Pluto.  Voyager 1 is 12.5 billion km from earth.  There is a 23 hour transmission lag between NASA and Voyager 1 (because it is so far away).

Topic 8: People in Space

· the space race was a competition between America and the Soviet Union to expand into space and inspire their people to love  their countries.  It was  a race built on German V-2 rocketry (as German’s were captured by both Russians and Americans)

· Today, Americans, Russians and many other countries are working together in an attempt  to build an International Space Station, and a community of cooperation.  Most recently China has developed their own Space program.

· Breaking free from Earth’s gravity’s Gravity

· It take’s massive energy to escape the earth’s gravity.  A rocket has to reach a speed of 29000km⁄h

Sputnik1 and Vostok 1

· The USSR was the first to fully orbit a satellite without a human (Sputnik 1) and they were the first to orbit Earth with a human (Vostok 1).

· American Alan Shepard in Freedom 7 was the first American in space, he took a suborbital flight that went into space, but didn’t go into orbit before falling back to earth.

· American John Glen was the first American to orbit Earth.

The Moon Landing
· American’s landed on the moon in 1969 in the Apollo 11 space craft.

· Neil Armstrong was the first person to walk on the moon and the second was Edwin Aldrin.  Michael Collins was the person manning the command module orbiting the moon.

Meeting in Space
· There was a joint mission between Americans and Soviets in space in the 1970s.  The Soyuz⁄Apollo mission was to link the two space craft.  The problem was that both space craft had different Life Support systems.  Life Support is essential in a small space craft.

· The Soviets used 80% Nitrogen and 20% Oxygen.  This reduced the risk of fire, but did increase the risk of decompression sickness.

· The Americans used 100% oxygen, which increased risk of fire and decreased the risk of decompression sickness.

· The connection raft between the space craft could change it’s atmosphere to match either the American 100% oxygen or the Soviet Atmospheric mix of chemicals.

The Space Shuttle
· The first reusable spacecraft was created by the Americans and saved the space program money.

· The space shuttle uses heat tiles to absorb heat on exit to and re-entry from space.  The shuttle has a Canadian innovation (the Robotic Canadarm) 

· Canadian Astronauts: (first in space was marc Garneau)

· Have been: researchers, mission specialists, payload specialists.

International Space Station (ISS)
· This is a major project taken on by 16 nations.  There are 6 scientific labs and different countries contribute different parts of the space station.

· The Canadarm 2 (Space station remote manipulator system SSRMS) is an improved robotic arm, which has a “Robotic Hand″

· The ISS is useful to conduct scientific experiments in a microgravity situation.[image: image2.png]
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