HSC Physics Review Notes  ©Martin Edwards 2005


Space review

define weight as the force on an object due to a gravitational field

define gravitational potential energy as the work done to move an object from a very large distance away to a point in a gravitational field 
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define the term orbital velocity as the instantaneous linear velocity of an object in circular motion. 
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define the quantitative and qualitative relationship between orbital velocity, the gravitational constant, mass of the central body, mass of the satellite and the radius of the orbit using Kepler’s Law of Periods
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substituting gives

    So, around a central body, mass M, the orbital velocity decreases as radius   increases.

define Newton’s Law of Universal Gravitation:
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define weight as __________________________________________________

________________________________________________________________

________________________________________________________________

Formula:

define gravitational potential energy as ________________________________

________________________________________________________________

________________________________________________________________

Formula:

define the term orbital velocity as __________________________________________________

________________________________________________________________

________________________________________________________________

Formula:

define the quantitative and qualitative relationship between orbital velocity, the gravitational constant, mass of the central body, mass of the satellite and the radius of the orbit using Kepler’s Law of Periods

__________________________________________________

________________________________________________________________

________________________________________________________________

Formula:

Define Newton’s Law of Universal Gravitation:___________________________

________________________________________________________________

________________________________________________________________

Formula:
identify THAT the term ‘g forces’ is used to explain the forces acting on an astronaut during launch BECAUSE ‘g forces’ refers to the ratio of apparent weight during launch to normal true weight. It is a convenient indicator of the forces on astronauts body.
identify that there is an optimum angle for safe re-entry for a manned spacecraft into the Earth’s atmosphere and that the consequences of failing to achieve this angle include either bouncing off the atmosphere or burning up during re-entry due to friction with the atmosphere

identify that a slingshot effect can be provided by planets for space probes which uses the gravitational pull of planets to increase the kinetic energy of the probe relative to the sun

identify that if c is constant then space and time become relative 

identify THAT the term ‘g forces’ is used to explain the forces acting on an astronaut during launch BECAUSE ________________________________________

________________________________________________________________

________________________________________________________________

identify that there is an optimum angle for______________________________

________________________________________________________________

________________________________________________________________

identify that a slingshot effect can be __________________________________

________________________________________________________________

________________________________________________________________

identify that if c is constant then _____________________________________

________________________________________________________________

________________________________________________________________

escape velocity

The initial velocity required by a projectile to rise vertically and just escape the gravitational field of a planet.

Law of conservation of momentum

During any interaction in a closed system the total momentum of the system remains unchanged.

Low Earth orbit

An orbit higher than 250 km and lower than 1000 km.

Geostationary orbit

An orbit at an altitude at which the period of the orbit precisely matches that of the Earth. (Approximately 35800 km)

orbital decay

Slowing down and reduction of altitude of a satellite due to atmospheric drag.

Contribution of a scientist to development of space exploration:

Tsiolkovsky built the first wind tunnel in Russia which enabled him to observe aerodynamic problems. He proposed the use of reaction motors that were powered by liquid fuels. 

He suggested the use of green plants to provide oxygen to space crew and dispose of carbon dioxide

Gravitational force:

An attractive force between any two masses, directly proportional to each mass and inversely proportional to the square of the distance between the masses.
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Gravitational field:

Definition   A field within which any mass will experience a gravitational force. The field has both strength and direction.

Aether model:

The idea was that light travels as a wave so it needs a medium - the ‘aether’. The aether filled all of space, was low density and transparent. It permeated all matter, but was completely permeable  and it had great elasticity to support and propogate light waves.
Inertial frame of reference:

A non-accelerated environment.

Simultaneity:

If an observer see two events to be simultaneous then any other observer, in relative motion to the first, generally will not judge them to be simultaneous.

Length contraction:

The shortening of an object in the direction of its motion, as observed from a reference frame in relative motion.

Time dilation:

The slowing down of events as observed from a reference frame in relative motion.

Mass dilation:

The increase in the mass of an object as observed from a reference frame in relative motion.

Equivalence of mass and energy:

Energy input into an object travelling at speeds near the speed of light is contained in an increase in mass of the object.  E=mc2

escape velocity

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Law of conservation of momentum

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Low Earth orbit

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Geostationary orbit

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

orbital decay

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Contribution of a scientist to development of space exploration:

Scientist:_________________

Contribution:_________________________________________________________

____________________________________________________________________

____________________________________________________________________

Gravitational field:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Aether model:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Inertial frame of reference:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Simultaneity:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Length contraction:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Time dilation:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Mass dilation:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Equivalence of mass and energy:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

outline Newton’s concept of escape velocity

outline the features of the aether model for the transmission of light

outline the nature of inertial frames of reference

describe the trajectory of an object undergoing projectile motion within the Earth’s gravitational field in terms of horizontal and vertical components

describe Galileo’s analysis of projectile motion

describe a gravitational field in the region surrounding a massive object in terms of its effects on other masses in it

describe and evaluate the Michelson-Morley attempt to measure the relative velocity of the Earth through the aether

describe the significance of Einstein’s assumption of the constancy of the speed of light

Describe Galileo’s analysis of projectile motion        (6 marks)

Galileo was the first to accurately describe projectile motion - the motion of an object launched in a gravitational field.

To slow the motion, he used balls rolling sidewards across inclined planes to study projectile motion (This made the acceleration down the inclined plane slower than the effect of gravity on a thrown ball).

He showed that it could be understood by analysing the horizontal and vertical components of motion separately. 

He related the time, t, to travel down the inclined  plane a distance, d:       t2d.

Vertical velocity was accelerated by gravity at a constant rate, irrespective of mass. 

Based on these observations, Galileo argued that the trajectory of a projectile would be a parabola.

At any time, t, we could add the separate vertical and horizontal components to get resultant velocity.

When an object is projected, we can treat the components separately and apply our equations of motion to each (v = u + at  etc.) then add the components vectorially to find the resultant at any point.

Outline Newton’s concept of escape velocity    (4 marks)

Escape velocity is the initial velocity required by a projectile to rise vertically and just escape the gravitational field of a planet.

Newton thought that it should be possible to launch an object fast enough to orbit the Earth.

He observed that faster throws achieved a greater range and suggested that the velocity could be increased until the range is such that the fall follows the curve of the Earth and never lands.

Newton realised that here is a specific velocity to achieve this orbit.

Greater velocities will make the orbit more elliptical and even greater will cause the object to move in a path away from the Earth.

Describe a gravitational field in the region surrounding a massive object in terms of its effects on other masses in it          (5 marks)

A gravitational field is a field within which any mass will experience a gravitational force. This force is a force of attraction - the greater the mass, the greater the gravitational attracting force.
The gravitational field around a planet has a radial pattern similar to the electric field around a negative point charge - the field lines are in the direction towards the centre of the planet. 

The direction of the field indicates the direction of force on another mass in the field. 

The closer field lines nearer the planet represent the stronger gravitational field and hence stronger force on another mass. 

The presence of another large mass (such as a moon) affects the field lines in a way which is similar to the presence of another negative charge. (see Jacaranda p.5 for a diagram)

Outline Newton’s concept of escape velocity  (4 marks)

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Describe Galileo’s analysis of projectile motion (6 marks)

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Describe a gravitational field in the region surrounding a massive object in terms of its effects on other masses in it  (5 marks)

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

explain that a change in gravitational potential energy is related to work done

explain the concept of escape velocity in terms of the:

–
gravitational constant

–   mass and radius of the planet
explain qualitatively and quantitatively the consequence of special relativity in relation to:

–
the relativity of simultaneity

–
the equivalence between mass and energy

–
length contraction

–
time dilation

–   mass dilation

Explain that a change in gravitational potential energy is related to work done

Gravitational potential energy is the work done to move an object from a very large distance away to a point in a gravitational field


Ep  = -Gm1m2/r.

Work is the change in energy that occurs when a force acts on an object to cause a displacement.

W = E = Fs

The force on an object in a gravitational field is due to gravity:

Newton's Law of Universal Gravitation:  F  = Gm1m2/r2

So moving a mass to a distance r means W = Fs = . Gm1m2/r2  x  r  =  Gm1m2/r
The change in GPE from point A to point B is equal to the difference between the work done moving from a large distance to point (A) and the work done in moving from a large distance to a point (B).

i.e Ep  =  EpB   -   EpA  =  work done to move from A to B.

Explain qualitatively and quantitatively the consequence of special relativity in relation to:

–
the relativity of simultaneity

–
the equivalence between mass and energy

(8 marks)
Special relativity:
The laws of Physics have the same form in all inertial reference frames
(Constancy of the speed of light): Light propogates through empty space with a definite speed c independent of the speed of the observer
Two events which are simultaneous to one observer are not simultaneous to another observer who is in relative motion to the first.  A stationary observer looking at a moving train when lightning strikes both ends see simultaneous strikes. But because the speed of light is constant (even in a moving reference frame), an observer on board the train would see the front strike before the back strike. 

Quantitatively, t=d/s,  and stationary observer has t1=t2 because d1=d2

while moving observer has t1<t2 because d1<d2
Einstein said that energy has a mass equivalent and vice versa: E=mc2

Special relativity tells us that the energy converted from a given mass is independent of the speed of the observer, since E=mc2 and c is constant.
Explain that a change in gravitational potential energy is related to work done

___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
Explain qualitatively and quantitatively the consequence of special relativity in relation to:

–
the relativity of simultaneity

–
the equivalence between mass and energy                                    (8 marks)

___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
present information and use available evidence to discuss the factors affecting the strength of the gravitational force 

discuss the effect of the Earth‘s orbital motion and its rotational motion on the launch of a rocket

discuss issues associated with safe re-entry into the Earth’s atmosphere and landing on the Earth’s surface

discuss the importance of Newton’s Law of Universal Gravitation in understanding and calculating the motion of satellites

discuss the role of the Michelson-Morley experiments in making determinations about competing theories

discuss the principle of relativity

analyse and interpret some of Einstein’s thought experiments involving mirrors and trains and discuss the relationship between thought and reality

discuss the concept that length standards are defined in terms of time in contrast to the original metre standard

analyse information to discuss the relationship between theory and the evidence supporting it, using Einstein’s predictions based on relativity that were made many years before evidence was available to support it

discuss the implications of mass increase, time dilation and length contraction for space travel

Discuss issues associated with safe re-entry into the Earth’s atmosphere and landing on the Earth’s surface 

To initiate reentry a retrofire is used to slow the spacecraft and drop into atmosphere.

Friction with atmospheric molecules produces extreme heat.

A blunt surface is best on the front of the spacecraft. 

This will produce a shock wave in front to absorb heat.

Materials on the outer surface to protect the spacecraft have varied.  Early spacecraft

such as those used in the Mercury, Gemini and Apollo programs used  ablation - where the surface vaporises and takes heat away.

The space shuttle uses insulating tiles which provide a protective barrier that prevents heat entry.

Another issue is g-forces:  A deceleration of near 3g is preferable, higher g-forces cause discomfort and affect body function - 8g may cause chest pain, loss of consciousness.

g-forces: a transverse (front to back) application is best, as up or down forces can

cause too much or too little blood to the brain.

g-forces:  eyeballs in!

g-forces:  contoured body support.

Ionisation blackout: heat causes layer of ionised particles preventing radio contact for some minutes.

Landing:   After re-entry, parachute to water  for earlier missions so flotation of capsule and location are important;  Shuttle: glides down using banked turns and pilot controlled descent to runway.

Discuss the importance of Newton’s Law of Universal Gravitation in understanding and calculating the motion of satellites
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Newton’s Law of Universal gravitation allows us to calculate the gravitational force experienced by a satellite at any altitude. We understand that this gravitational force is the centripetal force that keeps the satellite in its orbital motion. We can equate the two expressions for force to calculate the orbital velocity of the satellite. We therefore know all quantities (e.g. angular velocity, period etc.) that relate to the uniform circular motion of the satellite.
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So high altitude (e.g. geostationary) orbits are lower velocity
and low altitude (e.g. low Earth) orbits are higher velocity.
Discuss the factors affecting the strength of the gravitational force (8 marks)

The gravitational force is an attractive force between any two masses, directly proportional to each mass and inversely proportional to the square of the distance between the masses. 

The force can be calculated using Newton's Law of Universal Gravitation:
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So, in general, the gravitational force is affected by the mass of the two objects (e.g. planet and satellite) and the distance between them. The larger the masses, the larger the force and the greater the distance, the less the force is.

The Earth's gravitational force may vary for the following reasons (from NSW HSC Online)

The value of acceleration due to gravity at the surface of the Earth varies from the usually accepted value of 9.8 m s-2, due to a number of factors: 

· The Earth’s lithosphere varies in structure, thickness and density. Thickness variations are a product of the source and history of the material. Oceanic crust is thinner than continental crust. Continental crust is thickest under mountain ranges. Density variations occur due to the presence of concentrated and large mineral deposits or petroleum gas and related liquids trapped in sedimentary rocks and structures. All of these variations can influence local values of g. 

· The Earth’s globe is flattened at the poles. This means that the distance of the surface from the centre of the Earth is less at the poles, which increases the local value of g. 

· The spinning Earth also affects the value of g. At the equator, the spin effect is greatest resulting in a lowering of the value of g. As you travel from the equator to the poles, the spin effect on g shrinks to zero. 

· As a result of the above, the value of g at the surface of the Earth varies between 9.782 m s-2 at the equator and 9.832 m s-2 at the poles 

· The value of g reduces with altitude above the surface of a planet, becoming zero only at an infinite distance. At low Earth orbit altitude, the value of g is approximately 8.9 ms-2.

Interpret some of Einstein’s thought experiments involving mirrors and trains and discuss the relationship between thought and reality

Einstein used thought experiments involving mirrors and trains to illustrate relativity concepts. This allowed the reader to envision and understand ideas that were not able to be investigated experimentally. Thought is thus used to model and analyse a reality which is not achievable with the technology of the day.
e.g. To explain time dilation, Einstein used a thought experiment  as follows:

Person 1 is on a train moving at relativistic speed and a flash gun operates below a mirror.

Person 1, using the train as a reference frame, observes the light travel the distance from the flash gun (f) to the mirror (m) and back again (f).
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Person 2 observes from a stationary reference frame outside the train. The train is moving forwards, so the flash gun moves forward while the light travels up and back.

The light has a greater distance to travel. 

[image: image27.wmf]r

mv

mg

2

=


Since the light is travelling at c in both reference frames, the time it takes for the light to return to the flash gun will be longer in person 2’s reference frame than in 

person 1’s.

Discuss the concept that length standards are defined in terms of time in contrast to the original metre standard 

Using the relationship that 


speed=distance/time 


and the constant speed of light in a vacuum, any length can be precisely defined as the distance light travels in a vacuum during a given time period.

The meter was originally 1x10-7 times the length of the Earth’s quadrant passing through Paris, then it was two marks on a bar. Now the definition uses the constancy of c and accuracy of second to define the metre as:

'the length of the path travelled by light  in a vacuum 

during the time interval of 1 / 299 792 458 of a second'

Discuss the implications of mass increase, time dilation and length contraction for space travel (9 marks)

Current maximum speeds of up to 100,000 km/h using the slingshot effect are not high enough to allow travel to other stars (interstellar travel) within reasonable timeframes.

Length contraction and time dilation are relativistic effects that provide the possibility of travelling to space and ageing less than counterparts on Earth, travel at high speeds taking less time, distances becoming shorter and the possibility of reaching our neighbours in space.

Length contraction is the shortening of an object in the direction of its motion, as observed from a reference frame in relative motion.
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Time dilation is the slowing down of events as observed from a reference frame in relative motion.
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These two effects mean that if speeds approaching the speed of light can be reached the journey would become apparently shorter to the occupants on the spaceship shorter (length contraction) and from Earth time would pass more slowly on the spaceship (time dilation). i.e. while 8 years may pass on Earth, the spaceship covers the journey in only 3 years.

Mass dilation is the increase in the mass of an object as observed from a reference frame in relative motion.
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The problem with this is that massive amounts of energy need to be input to achieve these speeds, since at relativistic speeds the mass increases due to energy being converted to mass (E=mc2).

Relativistic mass does not increase dramatically above the rest mass until near light speed, when the mass quickly heads towards infinity. Space travel is thus unable to pass light speed because a great energy input is required to cause acceleration and this energy input converts to even more mass.
Discuss issues associated with safe re-entry into the Earth’s atmosphere and landing on the Earth’s surface 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the importance of Newton’s Law of Universal Gravitation in understanding and calculating the motion of satellites

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the factors affecting the strength of the gravitational force (8 marks)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Interpret some of Einstein’s thought experiments involving mirrors and trains and discuss the relationship between thought and reality

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the concept that length standards are defined in terms of time in contrast to the original metre standard 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the implications of mass increase, time dilation and length contraction for space travel  (9 marks)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

compare qualitatively low Earth and geo-stationary orbits

account for the orbital decay of satellites in low Earth orbit

analyse the changing acceleration of a rocket during launch in terms of the:

–
Law of Conservation of Momentum

–
forces experienced by astronauts

analyse the forces involved in uniform circular motion for a range of objects, including satellites orbiting the Earth

analyse and interpret some of Einstein’s thought experiments involving mirrors and trains and discuss the relationship between thought and reality 

Compare qualitatively low Earth and geo-stationary orbits (8 marks)
Low Earth Orbits are at lower altitude (250 - 1000 km) while geostationary orbits are much higher altitude (approximately 35800 km).

Low Earth Orbit altitude is lower than Van Allen radiation belts while geostationary orbits are at the upper limits of Van Allen Radiation.
Low Earth orbits are high speed and shorter period (at altitude 250 km, v=27900 km/h and T = 90 mins to orbit Earth), while geostationary orbits move more slowly and have a  period of orbit = that of Earth (24 hrs).

Low Earth orbits are used by  the Space shuttle (between 250 and 400 km) and for remote sensing of the Earth’s weather, oceans, pollution, ozone etc. and spy satellites, where the low altitude provides better resolution and sensitivity than geostationary orbits.

Geopositioning also needs high accuracy and hence a low satellite orbit is used to reduce errors.

Low Earth orbits are cheaper because it costs more to place objects at high altitudes. 

Geostationary Orbit following the equator means that the satellite is 'parked' over a point on Earth, so it is good for communications satellites - the transmitter and the receiving dish point at a fixed position in sky.

If not over the equator, a satellite in a geostationary orbit will appear from Earth to trace out a figure eight.

Account for the orbital decay of satellites in low Earth orbit  (6 marks)

Orbital decay is the slowing down and reduction of altitude of a satellite due to atmospheric drag.

A low-Earth orbit is an orbit higher than 250 km and lower than 1000 km.

Although the atmosphere is not considered to extend to this altitude, there may be unpredicted drag due to solar winds producing unexpected heating and expansion of the atmosphere. 
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A satellite remains in stable orbit when
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Drag on the satellite due to the atmosphere causes the satellite velocity, v, to slow down., so

and weight causes the satellite's altitude to decrease. 

In terms of energy, higher altitude means higher total mechanical energy. The satellite loses energy through friction when it comes into contact with atmospheric particles, so it moves to a lower altitude.

As the altitude drops, the satellite speeds up until the weight again is equal to centripetal force. So it ends up faster, lower and with less total energy.

The satellite spirals down slowly at first then more quickly as atmospheric density increases and the satellite is subjected to more and more drag, losing more and more energy.

Analyse the changing acceleration of a rocket during launch in terms of the Law of Conservation of Momentum    (6 marks)

The law of conservation of momentum states that 

"During any interaction in a closed system the total momentum of the system remains unchanged."
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During launch, the momentum of the propellant expelled downwards (per second) produces a thrust force upwards. 

Conservation of momentum tells us that the change in momentum (= Impulse = Force x time ) down produces an Impulse up.  So an upwards force (thrust) is produced.
If this thrust force exceeds the weight of the rocket system, the rocket begins to accelerate upwards. As the rocket expels more and more propellant, the mass of the rocket system decreases. If the thrust force remains constant, Newton’s Second Law tells us that the acceleration will increase.
The astronauts will experience g-forces produced by this net increasing acceleration while the rockets burn propellant. When the burn finishes, the rocket will continue to move at a constant velocity (subject to drag).

If we know the initial mass of the rocket, the Rate of  expulsion (kg/s) and how long it has burnt for, we can work out the new mass of the rocket.

Analyse and interpret some of Einstein’s thought experiments involving mirrors and trains 

Einstein used thought experiments involving mirrors and trains to illustrate relativity concepts. This allowed the reader to envision and understand ideas that were not able to be investigated experimentally. Thought is thus used to model and analyse a reality which is not achievable with the technology of the day.

He explained time dilation using light reflected from a mirror on the ceiling of a train – the distance travelled and hence the time taken were different for different frames of reference.

Similarly, he explained the relativity of simultaneity using a thought experiment with light signals on a moving train. This showed that for a constant speed of light, events which appear simultaneous in one reference frame will not be simultaneous when observed from a frame of reference which is in relative motion to the first.

Compare qualitatively low Earth and geo-stationary orbits (8 marks)
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Account for the orbital decay of satellites in low Earth orbit  (6 marks)

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Analyse the changing acceleration of a rocket during launch in terms of the Law of Conservation of Momentum    (6 marks)

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Analyse and interpret some of Einstein’s thought experiments involving mirrors and trains
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

perform an investigation and gather information to determine a value for acceleration due to gravity using pendulum motion or computer-assisted technology and identify reason for possible variations from the value 9.8 ms-2

perform a first-hand investigation, gather information and analyse data to calculate initial and final velocity, maximum height reached, range and time of flight of a projectile for a range of situations by using simulations, data loggers and computer analysis

perform an investigation to help distinguish between non-inertial and inertial frames of reference

gather and process information to interpret the results of the Michelson-Morley experiment

Identify data sources, gather, analyse and present information on the contribution of one of the following to the development of space exploration: Tsiolkovsky, Oberth, Goddard, Esnault-Pelterie, O’Neill or von Braun

Revision of Practical Work/ Some key concepts

Likely HSC questions:

What did you do? Outline an investigation you conducted.

Draw a diagram

What equipment did you use?

Why did you use that equipment? Advantages? Disadvantages?

What alternative methods may have been used?

What safety precautions are necessary (risk assessment)

What are the independent and dependent variables?

What controls are involved?

Describe how the device works (e.g. A.C or D.C.  motor)

What were your observations? Results?

How reliable are your results? Possible sources of error?

What were your conclusions?

Assess the validity of your conclusions.

Check the glossary of key terms - can you apply these to your practical experiences?

You performed an investigation and gathered information to determine a value for acceleration due to gravity using pendulum motion or computer-assisted technology.

Identify reason for possible variations from the value 9.8 ms-2

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

analyse information using the expression:
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to determine the weight force for a body on Earth and for the same body on other planets

gather secondary information to predict the value of acceleration due to gravity on other planets

solve problems and analyse information to calculate the actual velocity of a projectile from its horizontal and vertical components using :
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solve problems and analyse information to calculate the centripetal force acting on a satellite undergoing uniform circular motion about the Earth using:
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solve problems and analyse information using:
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solve problems and analyse information using:
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solve problems and analyse information using:
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Formula: _
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                     Name of Law: ________________________

Quantity: _______________________________     

UNITS: ___________________

Direction (example) _________________________________________

Where     _____   is  ______________________________________________UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

Formula: ____________________                     Name of Law: ________________________

Quantity: _______________________________     

UNITS: ___________________

Direction (example) _________________________________________

Where     _____   is  ______________________________________________UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

EXTRACTING DATA FROM THE QUESTION

EXAMPLE ___                                                                     EXAMPLE ___

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

Formula: ____________________                                      Formula: ____________________       

EXAMPLE ___                                                                     EXAMPLE ___

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

Formula: ____________________                                      Formula: ____________________       
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