Astronomy
Chapter 4 – Making Sense of the Universe
4.1 Describing Motion
· Speed – How far something will go in a certain amount of time
· Velocity – Speed with a direction
· Acceleration – If the velocity is changing in anyway (even slow down and/or turn in science)
· Slowing occurs when acceleration is in a direction opposite to the motion, this is what’s called a negative acceleration causing your velocity to decrease
· Turning changes your velocity because it changes the direction in which you are moving, so turning is a form of acceleration even if your speed remains constant
· Gravity accelerates all objects by the same amount, regardless of their mass
· The acceleration of gravity on Earth causes objects to fall faster by about 9.8 m/s2 
· Momentum = Mass X Velocity
· The only way to change an object’s momentum is to apply a force to it
· The net force acting on an object represents the combined effect of all the individual forces
· Circular momentum and turning momentum are both descriptions of angular momentum
· The type of force that can change an object’s angular momentum is called a torque (twisting force)
· The amount of torque doesn’t just depend on how much force is applied but also where the force is applied
· Mass is the amount of matter 
· Weight is the apparent weight, it’s the force that a scale measures when you stand on it, it depends on your mass as well as forces such as gravity acting on your mass
· [bookmark: _GoBack]So in space 1 kg is 1kg here (mass)
· When you fall without any resistance to slow you down it’s called free falling
· You are in free-fall whenever there’s nothing to prevent you from falling, in fact when you’re in free, you are in fact weightless
· Astronauts are always weightless in space because they’re in a constant state of free fall
· Everything that orbits around the Earth is actually constantly falling around Earth, the constant free-fall makes the spacecraft and everything in them weightless
4.2 Newton’s Laws of Motion
· Apple falling, realizing gravity and it held the moon in orbit too
· Newton’s insight heralded the birth of astrophysics
· He built the first reflecting telescopes
· Newton’s Laws of Motion
· An action moves at constant velocity if there is no net force acting upon it
· Force = Mass X Acceleration
· For any force, there is always an equal and opposite reaction force
4.3 Conservation Laws in Astronomy
· Conservation of Momentum
· The total momentum of interacting objects cannot change as long as no external force is acting on them (their total momentum is conserved)
· Conservation of Angular Momentum
· As long as there is no external torque, the total angular momentum of a set of interacting objects cannot change
· An individual object can change its angular momentum only by transferring some angular momentum to or from another object
· Orbital Momentum = M X V X Radius
· Conservation of Energy
· Like momentum and angular momentum, energy cannot appear out of nowhere or disappear into nothingness, objects can only gain or lose energy by exchanging energy with other objects
· Because of this law, the story of the universe is a story of the interplay of energy and matter:  All actions involve exchanges of energy or the conversion of energy from one form to another
· Energy
· Energy is what makes matter move
· Energy’s 3 categories
· Kinetic
· Energy of motion
· Most important subcategory of kinetic energy is thermal energy
· Represents the collective energy of the many individual particles moving randomly within a substance
· Thermal energy measures the total kinetic energy of all the randomly moving particles in a substance, temperature measures the average kinetic energy of the particles
· Kelvin is used in science (absolute 0)
· Radiative
· Energy carried by light
· Potential
· Stored energy
· Most important potential energies are gravitational potential energy and the potential energy of the mass itself (mass-energy)
· Gravitational Energy 
· Depends on its mass and how far it can fall as a result of gravity
· Calculated on Earth as mgh (mass, acceleration of gravity, height)
· Mass-Energy
· Mass is a form of potential energy
· Calculated as E=mc2
· E is potential energy, m is mass and c is the speed of light
· The H-bomb is destructive from converting 0.1 kg of mass into energy
· Energy table (p. 124)
· In science the standard unit for energy is a joule
· Conservation of Energy
·  Energy cannot be created or destroyed, objects always get their energy from other objects
4.4 – The Universal Law of Gravitation
· The three laws of Universal Gravitation (formula on p. 128)
· Every mass attracts every other mass through the force called gravity
· The strength of the gravitational force attracting any two objects is directly proportional to the product of their masses
· The strength of gravity between two objects decreases with the square of the distance between their centers, we therefore say that the gravitational force follows an inverse square law
· How does Newton’s law of gravity extend Kepler’s laws
· Planets are not the only objects with elliptical orbits
· Bound orbit – orbits in which an object goes around another object over and over again
· Unbound orbit – paths that bring an object close to another object just once (comet)
· Newton showed that the allowed orbital paths are ellipses, parabolas and hyperbolas
· These shapes are known as conic sections because they can be made by slicing a cone at different angles
· Newton showed that 2 objects attracted by gravity actually both orbit around their common center of mass (the point at which the 2 objects would balance if they were somehow connected)
4.5 – Orbits, Tides and the Acceleration of Gravity
· Total Orbital Energy – the sum of its kinetic and gravitational potential energy
· As long as no other object causes the planet to gain or lose orbital energy,  its orbital energy cannot change and its orbital energy must remain the same
· Gravitational Encounter
· Two objects can exchange orbital energy through a gravitational encounter, which is when the two objects come close enough that they can feel the effects of each other’s gravity
· Atmospheric Drag
· Friction can cause objects to lose orbital energy (cloud of gas)
· Escape Velocity
· An object that gains orbital energy moves into an orbit with a higher average altitude
· If something gains enough orbital energy, it may end up in an unbound orbit that allows it to escape
· Gravity Causing Tides
· Tidal force – the force from the moon that stretches the entire Earth to create two tidal bulges
· The overall tidal force caused by the Sun is a little elss than half that caused by the Moon
· Spring tides are when the Moon and Sun act together
· Tidal friction – tidal forces stretch Earth itself, the process creates friction
· The acceleration of gravity is independent of the mass of a falling objects, so all objects fall at the same rate

