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Instructions to candidates

1.
All numerical answers must be stated to 3 significant figures. Questions containing estimates should be stated to two significant figures.

2.
The rules for the conduct of School Curriculum and Standards Authority examinations are detailed in the Student Information Handbook. Sitting this examination implies that you agree to abide by these rules.
3.
Write answers in this Question/Answer Booklet.
4.
You must be careful to confine your responses to the specific questions asked and to follow any instructions that are specific to a particular question.

5.
Working or reasoning should be clearly shown when calculating or estimating answers.
6.
Spare pages are included at the end of this booklet. They can be used for planning your responses and/or as additional space if required to continue an answer.
Planning: 

If you use the spare pages for planning, indicate this clearly at the top of the page.
Continuing an answer:

If you need to use the space to continue an answer, indicate in the original answer space where the answer is continued, i.e. give the page number. Fill in the number of the question(s) that you are continuing to answer at the top of the page.
Section One: Short response - 30%
(45 Marks)
This section has 10 questions. Answer all questions. Write your answers in the space provided.
Spare pages are included at the end of this booklet. They can be used for planning your responses and/or as additional space if required to continue an answer. 

Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

Continuing an answer: If you need to use the space to continue an answer, indicate in the original answer space where the answer is continued, i.e. give the page number. Fill in the number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time for this section is 45 minutes.

Question 1









(3 marks)
[image: image58.bmp][image: image59.bmp]
A fountain designer wanted a nozzle embedded in a wall to fire a stream of water horizontally to land in a small bowl, 1.5 m away and 0.5 m lower than the nozzle. At what speed should the designer have planned for the water to exit the nozzle? Air resistance should be ignored.
Question 2









(5 marks)

Two students threw a ball backwards and forwards between them. They stood 20 m apart and caught the ball from the same height at which they threw it. The ball was thrown at a constant speed of 15 m s-1. Air resistance should be ignored. They found that two possible launch angles could be used.
a)
Sketch a diagram showing the two possible trajectories of the ball.

(1 mark)

b)
What are the two possible launch angles to the horizontal? 


You may need the formula: sin(2θ) = 2 x sinθ x cosθ 

(4 marks)
Question 3









(5 marks)

To help cars corner safely, many highway corners are banked slightly so the road slopes downwards towards the inside of the bend. Over time, roads can settle and develop “reverse camber” with the banking sloping downwards towards the outside of the bend. 
What frictional force must a 1500 kg car’s tyres provided on a “reverse camber” bend at an angle of 5° and having a radius of 100 m if the car is travelling at 72 km h-1?

[image: image2]
Question 4









(5 marks)

[image: image60.bmp]
An electrical generation wind turbine as pictured is a large three bladed fan that spins at a constant speed under constant load in a steady breeze. The mass of the blades is not distributed uniformly but each blade can be approximated to a 15 tonne point mass 35 m from the axis of rotation. The blades typically spin at 22 rpm. 




a)
Calculate the tension in a blade at its point of attachment at the instant in time that it is pointing vertically up.







(3 marks)
b)
Calculate the tension in the blade at its point of attachment at the instant in time that it is pointing vertically down







(2 marks)

Question 5









(5 marks)

Using a powerful optical telescope, astronomers have been able to observe planets orbiting nearby stars. One such planet was found to have a circular orbit of radius 9.27X1011 m about its star. Its orbital period was 5.23x103 days.

a)
What was the mass of the star it orbited?




(3 marks)







b)
A second planet, also in a circular orbit around that star, was discovered. It had an orbital period 2.2 times more than that of the first observed planet. What would its orbital radius have been?








(2 marks)











Question 6









(5 marks)
a)
A satellite in a low circular orbit about the Earth began to spiral in towards the Earth. 
Explain in terms of forces and energy why this happened and suggest a cause. 











(3 marks)










b)
If the satellite was equipped with directional rocket engines, what action could be taken 
to restore the satellite to its original orbit?




(2 marks)






Question 7









(4 marks)
Calculate the position of the centre of mass of the heavy wooden bedhead pictured below and mark its position on the diagram. The bedhead is horizontally symmetrical and made of four uniform rectangular pieces of wood joined at right angles to each other. All masses and dimensions are as shown.


[image: image3]


Question 8









(6 marks)
A “Keep Out” sign that was in danger of being blown over because its support posts were being eaten by termites was propped up with 12 kg beam of wood leant against it as shown. The beam was 2.8 m long. The beam was not attached to the ground or to the smooth back of the sign.

[image: image4]
a)
What was the force exerted on the back of the sign by the beam if no wind was 
blowing?








(3 marks)












b)
What was the force exerted on the beam by the ground if no wind was blowing?











(3 marks)
 






[image: image5]
Question 9









(3 marks)
Most gem quality diamonds are clear and transparent. They are cut and polished as irregular polyhedra, solid shapes with many flat sides (facets). In any diamond, those facets have a wide range of orientations. Using the picture of a diamond below, explain why someone looking at a diamond moving through direct sunlight sees many flashes of light coming from the diamond.







[image: image6.png]



Question 10









(4 marks)
Annabelle lived next door to a house in which a party was being held. She complained to the party’s host, Bruce, that she could not sleep with her window open a crack because of the “thump thump” of the music that was being played at the party. Bruce responded that he was surprised that there was a problem because:

· only the windows of his house facing the road were open and they were only open a crack so he thought the music would not even head toward Annabelle’s house.
· the music was not “base heavy dance or trance” but music with a good balance of base, mid-range and treble.
Assuming that Bill and Annabelle were honest, explain why the base sounds are heard by Annabelle but the higher frequencies are not.




End of Section One

Section Two : Problem-Solving - 50%
(75 Marks)
This section has seven (7) questions. You must answer all questions. Write your answers in the space provided.
Spare pages are included at the end of this booklet. They can be used for planning your responses and/or as additional space if required to continue an answer. 

Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

Continuing an answer: If you need to use the space to continue an answer, indicate in the original answer space where the answer is continued, i.e. give the page number. Fill in the number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time for this section is 75 minutes.
Question 11









(13 marks)
A tiny satellite with a mass of 1.00 kg is to be launched into orbit.
 

a)
What is the kinetic energy of a 1.00 kg mass at sea level at the equator due to its rotation with the Earth’s surface about the Earth’s centre?



(2 marks)
















b)
What is the kinetic energy of a 1.00 kg mass at sea level at the South Pole due to its rotation with the Earth’s surface about the Earth’s centre?


(1 mark)

c)
What is the kinetic energy of a 1.00 kg mass in a geostationary orbit above Earth?












(4 marks)































The change in gravitational potential energy when an object of mass m is moved from a distance r1 above Earth’s centre to a distance r2 above Earth’s centre is given by: 
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d)
What is the increase in potential energy of the object if it is moved from Earth’s surface to geostationary orbit?







(2 marks)








e)
What is the increase in total energy (E gravitational-potential + EK) of the object if it is moved from Earth’s surface at the equator to geostationary orbit?



(2 marks)

f)
Making reference to the above answers if it assists you, explain why satellites are generally launched from nearer the equator than from nearer the poles.
(2 marks)


Question 12









(16 marks)
[image: image61.bmp]A crane was to be used to lift a rectangular hollow concrete box which was standing on its end on level ground. The box was known to have uniform thickness walls (meaning that its centre of mass was at its geometric centre). Its mass was not known but its external dimensions were. The crane had a lifting capacity that could not be exceeded. In order to check the mass of the box without risking toppling the crane, the crane was used to tilt the box through a range of angles and the torque used to achieve that tilt was measured. From the resulting torque versus tilt graph, the mass of the box was calculated. The crane cable was attached to the lower left corner of the box. See the illustration to the right.

a)
Assuming that the crane’s lifting cable was hanging vertically and was itself weightless, 
write a formula for the torque applied to the box about its pivot point in terms of the 
tension in the cable, T, the width of the box , w, and the angle of tilt, θ. Ensure that units 
and direction are included.






(2 marks)




For this box, the formula relating the tilt angle to the lifting torque in SI units is believed to be:
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. The table below shows the data that was collected.

	Variable
	Dependent or Independent
	Units
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Trial 6

	Angle (θ)
	
	degrees
	0
	4
	8
	12
	16
	20

	τ
	
	N m
	221000
	13000
	159000
	127000
	94000
	61000

	
	manipulated
	
	
	
	
	
	
	


b)
Identify the independent and dependent variable in the table.

(1 mark)
c)
Manipulate the appropriate data in the data table to prepare it for a creating a straight 
line graph. Label the row containing the manipulated data with the manipulated variable.
State the units of the variable.





(2 marks)


d)
Graph the manipulated data below. Identify any outliers by 
drawing a circle around them 
on the graph and then draw the line of best fit.



(4 marks) 

[image: image9.png]



e)
Calculate the gradient of the line fit of best on the graph itself.

(2 marks)

f) 
In this copy of formula that followed part a, circle the part of the formula that represents 
the gradient of the line of best fit. 
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(1 mark)

g)
Using the measured gradient and your answer to part f, estimate the mass of the box.











(2 marks)


h)
What is the significance of the intersection between the line of best fit and the angle 
related axis?








(2 marks)





Question 13









(7 marks)
[image: image62.bmp]A salad spinner (illustrated at right) consists of a perforated bowl that can be rotated at high speed inside another bowl. The device is used to remove the water that was used to rinse salad ingredients. The wet ingredients are placed in the inner bowl which is spun rapidly. The water passes through the perforations into the outer bowl leaving the ingredients much drier. 





a)
The inner perforated bowl is spun at 400 rpm. Calculate its period of rotation in 

SI units. 








(1 mark)



b)
The inner perforated bowl has a radius of 25 cm. What is the magnitude of the 
centripetal force on a 50 g lettuce leaf pressed against its side?

(3 marks)

c.
Explain how spinning the salad removes the water.



(3 marks)
This page is intentionally blank
Question 14









(10 marks)
The tallest mountain in the solar system is Olympus Mons on Mars at 21870 m high; so tall that its summit is almost into the vacuum of outer space. The radius of Mars is 3.40x106 m and its mass is 6.42x1023 kg. A cannon that could fire a 10 kg projectile horizontally towards the north pole of the planet was placed on Olympus Mons’ summit. A not-to-scale diagram is shown below. 


[image: image11]
a)
The cannon ball was fired with the velocity required for it to land at point A. On the 
diagram above, sketch the trajectory of the cannon ball, ignoring any air resistance.










(1 mark)

b)
For this part of Question 14 only, ignore the curvature of the surface and friction with the 
atmosphere, and assume that the gravitational field strength at the top of the mountain 
is equal to that at the bottom.


i)
Calculate the time taken for the cannon ball to land at point A, 200 km 


horizontally from the summit and at 0 m height. 


(3 marks)



ii)
Calculate the initial speed of the cannon ball.


(1 mark)









c)
The cannon ball was fired with the velocity calculated for it to land at point A when zero 
air resistance was assumed. On the diagram above, sketch the trajectory 
of the cannon 
ball assuming that there was actually air resistance.



(2 marks)
d)
The cannon ball was fired again; this time with sufficient speed to enter a circular orbit around Mars. Calculate that speed, again ignoring any air resistance. The 
not-to-scale diagram below may assist you.




(3 marks)



[image: image12]
Question 15









(10 marks)

An alpine shelter was built with a steep symmetrical roof. The roof was made in four segments hinged together to allow for easy transport. There were two heavy skylight windows on each segment. The hinged segments each had a mass of 45 kg and a thickness (excluding the windows) of 20 cm. Rope ties were firmly attached in order to prevent the roof from bending at the side hinges when erected. The roof segments rested upon metal brackets set into low walls that supported the outside edges of the lower two segments. Dimensions are as shown below. 

[image: image13] 
a)
What was the vertical force on the roof exerted by the metal bracket A?
(2 marks)




b)
By treating each side of the roof as a single piece and by taking moments about metal 
bracket A, show that the force of the right hand side of the roof on the left hand side of 
the roof is 255 N to the left.






(2 marks)












c)
What is the horizontal force exerted on the roof by metal bracket A?
(1 mark)



d)
Calculate the tension in the left hand rope tie that will result in the net torque on the 
lower left hand roof segment being zero. (Hint, take moments about the hinge in 
the 
middle of the left hand side of the roof.)




(5 marks)


















Question 16









(10 marks)

A novelty device used to collect loose change for charities consists of a conical funnel around which a coin can be rolled before finally ending up in a collection bowl. Such a device is illustrated below in cross-section. The funnel has a polished hard surface on which a coin will roll with little friction. In the questions below, assume that the coin being rolled is a one dollar coin with a mass of 9.00 g. As the diagram is not-to-scale, a graph is provided to assist you.

[image: image14] 
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a)
A coin is to be rolled in a circular path of radius 0.42 m. Assuming no friction, with what 
speed must it be rolled?






(3 marks)


[image: image16]


b)
In part a, in what direction should the coin have been launched?

(1 mark)






c)
The coin of part a was launched at the same height and speed as required by part a 
but at a slightly different direction to that described in part b so that it began heading 
slightly downwards. Sketch in top down view the trajectory that the coin would follow. 
For comparison, sketch the circular trajectory of part a as a dotted line on the same 
diagram. Mark the launch point on the diagram. Indicate the direction of travel.











(3 marks)

[image: image17]
d)
Describe and explain the changes to the speed of the coin and the shape of its 
trajectory that would result from the coin launched again as it was in part a but with 
friction now being a significant factor.




(3 marks)












Question 17









(9 marks)
[image: image63.bmp]







The device illustrated at right is a type of siren. When the lower handle is turned, the perforated disk at the top spins rapidly. In order to make the siren sound, the disk is spun and a stream of air is blown through one of the rings of perforations. If we consider the stream of air after it passes through the disk, it rapidly oscillates from a stream to no flow. This oscillation in the flow results in vibrations in the air or sound. The rate at which this oscillation occurs is the frequency of the sound.










a)
If the perforated disk was spun at 2400 rpm what is the frequency at which it spins?










(1 mark)
b)
If there are ten holes in the ring of holes through which the 
air is blown, what is the 
frequency of the sound produced?











(2 marks)


c)
What is the period of the sound produced in part b?



(1 mark)




The perforated disk is now rotated at a different speed and produces a sound frequency of 1000 Hz in air with a peak particle displacement of 1 mm.

d)
Draw graphs on the axes below each showing 2 complete oscillations for this sound. 
Each graph will have a vertical axis of “Particle displacement” but they will have different 
horizontal axes. Annotate the graphs, to show the wavelength, period and amplitude. 
Accurately plot all the maxima and minima




(4 marks)
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End of Section Two

Section Three: Comprehension - 20%
(30 Marks)
This section contains two (2) questions. You must answer both questions. Write your answers in the space provided.
Spare pages are included at the end of this booklet. They can be used for planning your responses and/or as additional space if required to continue an answer. 

Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

Continuing an answer: If you need to use the space to continue an answer, indicate in the original answer space where the answer is continued, i.e. give the page number. Fill in the number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time for this section is 30 minutes.

Question 18
(15 marks)

Roller Coasters
Paragraph 1

In 1827, a mining company in Summit Hill, Pennsylvania constructed the Mauch Chunk gravity railroad sketched in figure 1. A 14 km downhill track was used to deliver coal to the processing plant at Mauch Chunk from the mine in the hills above. The wagons were dragged up to the mine by mules and then loaded with coal. Their brakes were then released and the coal filled wagons rolled down the wooden rails to the processing plant. By the 1850s, the "Gravity Road" (as it became known) was providing rides to thrill-seekers for 50 cents a ride. 
[image: image20]
Paragraph 2
The earliest purpose built roller coasters used steam powered winches to drag wagons full of brave thrill seekers to the tops of man-made hills from which the wagons were allowed to roll down wooden rails via a series of smaller man made hills and valleys and around curves of varying radii back to the base of hill at the start. The limiting factor in the complexity and duration of the ride for these devices were the very high levels of friction caused by the use of wooden rails and roughly formed wheels. It has been estimated for the descent phase, such roller coasters typically operated at only 35% efficiency.

Paragraph 3

From their primitive beginnings, roller coasters have evolved into the technically sophisticated contraptions that are loosely called roller coasters today. Efficiencies have been vastly improved with the introduction of polished metal rails and low friction wheels. In some cases, the initial hills have become frighteningly tall, up to nearly 140 m. Other modern roller coasters have dispensed with an initial hill altogether, beginning the ride by catapulting the wagons along level track to start with. Some roller coasters provide an additional push to the wagons at various points along the track. Perhaps the biggest advance in roller coaster was the introduction of so called up-lift wheels.
	[image: image64.jpg]Lo




[image: image65.jpg]


[image: image66.jpg]


[image: image67.jpg]





Paragraph 4

Originally, the wheels at each corner of the wagon were flanged as per figure 2. They were replaced by up-lift wheels. Up-lift wheels are a block of six wheels as illustrated in the side view photograph of figure 3 below. These wheels are arranged so that they not only run along the top of the rails but also along the sides and the undersides of the rails. The wheels that run along the sides of the rails hold the wagons on the track during sharp left or right hand cornering. The flange of the flanged wheels achieved a similar result but with considerably more friction. The wheels that run along the underside of the track hold the wagon on the track during rapid downward accelerations, a result not achieved by flanged wheels. 

	[image: image68.jpg]


[image: image21.jpg]





Paragraph 5
Up-lift wheels and the other advances mean that modern roller coasters are able to achieve very high accelerations as they pass over intermediate hills and as they negotiate sudden slope decreases on the way up hills and sudden slope increases on the way down hills. Accelerations of 4.7 g (4.7 times the acceleration due to gravity) are achieved by the most extreme roller coasters.

Paragraph 6
The advent of up-lift wheels and safe passenger harnesses has also meant the roller coaster wagons can now safely operate upside down. This has meant that loop-the-loops are now possible. Even the most modern roller coasters have their wagons “coast” around loop-the-loops, that is, the wagons are not powered as they go around the loop. The Law of Conservation of Energy means that, if roller coaster designers know the speed at which a wagon coasts into the bottom of a loop, they can work out how fast it will be going around the top of the loop (and, yes, they do ignore friction.) They usually try to design the loop height and radius so the passengers are apparently weightless at the top of the loop. You may notice that loop-the-loops are rarely circular. One typical loop-the-loop has a radius of curvature at its top of 7.5 m with a height of 18 m. 


Paragraph 7

Of course, the greatest thrill of any roller coaster is the sensation of “your stomach in your mouth” that results from going over the crest of an intermediate hill at high speed. Our stomach is relatively free to move in the cavity of our abdomen so that if our bodies accelerate with a wagon because we are strapped to it, our stomach initially does not accelerate and gets left behind until the top of our abdominal activity pushes down hard enough on our stomach to give it the same acceleration as our body. That force on our stomach can be enough to result in unpleasant consequences for passengers foolish enough to travel on a roller coaster with a stomach full of soft drink and greasy food.

Questions.

a)
For the earliest purpose built roller coasters, what devices were used to provide the 
initial gravitational potential energy to the wagons and their occupants?
(1 mark)


b)
If one of the earliest purpose built roller coasters with a typical efficiency lifts its wagons 
to a height of 60 m, calculate the speed would you expect the wagons to have after the 
descent phase?







(2 marks)





c)
The diagram below shows a roller coaster track on which wagons with up-lift wheels 
travel from left to right. Circle the two points at which the wheels on the underside of the 
track might exert a force on the track. Explain why.



(3 marks)

[image: image22]


d)
On one modern roller coaster, the wagons round a 10.7 m radius horizontal bend at 
high speed. The force exerted by the wheels pushing against the side of the track as the 
wagon negotiates this bend results in the horizontal acceleration of 4.7 g mentioned in 
paragraph 5. At what speed must the wagon have rounded the bend?
(2 marks)






e)
Considering the loop-the-loop of paragraph 6 and making the same assumptions as the
roller coaster designer, with what speed should a wagon enter the bottom of the 

loop-the-loop for the passengers to feel weightless at the top?

(4 marks)


– m g h
=>
vtop2 = vbottom2 – 2 g h


8(7.5 + 2 x 18))


= 20.64 m s-1








f)
What force is exerted on a passenger’s full stomach, with a mass of 2.00 kg, by the top 
of their abdominal cavity if the roller coaster travels over a hill of radius 12 m at a 
speed 
of 18 m s-1? 







(3 marks)

= 2 x 9.9 = 19.6 N

Force of top of abdominal cavity on stomach is 54.0 – 19.6 = 34.40 N down

Question 19
(15 marks)
The Pantheon
[image: image69.jpg]


[image: image70.jpg]



Figure 1 - The Pantheon from outside


Paragraph 1

The Pantheon is an Ancient Roman temple in Rome Italy. The building consists of two major pieces or rooms. They are the rectangular front and the circular back.

Paragraph 2

The front piece is the smaller of the two. Its roof is held up over the rectangular shape by stone columns. This front section is known as the portico. It acts as an entrance or preliminary room. There are eight columns in the front row and two groups of four behind.

[image: image71.jpg]



[image: image72.jpg]




Paragraph 3

The second piece is much larger and represents the building proper. This section has a circular floor plan and a huge domed ceiling with a hole at the top of the dome called the oculus. The dome is made from ancient re-enforced concrete. Almost two thousand years after it was built, the Pantheon's dome is still the world's largest unreinforced concrete dome. The height of the oculus above the floor is 43.3 m. The ceiling forms a perfect spherical shape of diameter 43.3 m.




Paragraph 4

The ceiling was made from molded sections of concrete that are approximately square in shape. They serve both a structural and a decorative purpose. The name given to this effect of square shapes molded from concrete is “coffered”. It is thought that the molded sections were mounted onto temporary scaffolding until a complete ring was in place. The scaffolding was then removed leaving each ring as a self supporting structure.

Paragraph 5

The shape of the roof has a great deal in common the simpler structure of the keystone arch. The domed ceiling however does not require a keystone due to its spherical rather than arched shape. The hole in the top (absence of the keystone) allows natural light to enter the room providing natural illumination to the space (an advantage in an ancient society without the benefit of electricity).

References

http://en.wikipedia.org/wiki/Pantheon,_Rome Extracted 1/4/2013

 Questions
a)
The Pantheon is largely made from stone and concrete. Explain why the spacing 
between the pillars in both the front and back rooms cannot be too large and why the 
stones that are placed across the tops of the pillars must be thick.

(2 marks)

















b)
Why is it that the domed ceiling of the pantheon (second room) has a hole (oculus) but 
can still stand without collapsing? Use diagrams to assist your explanation.











(3 marks)

c)
Onto the diagram below indicate how the weight of the structure is supported and 
transferred around the arch.






(3 marks)


[image: image23]
d)
Why do the outer walls of the pantheon have a wide base?


(1 mark)

e)
In what structural ways are the “coffered” (hollowed) repeated concrete pieces similar to 
and different from metal “I” beams.





(2 marks)
	
	Concrete “Coffered” Pieces
	Metal I Beams

	One Similarity
	
	

	One Difference
	
	


f)
Would engineers be allowed to build an unreinforced concrete structure like this in 
modern times? Explain why or why not.




(2 marks)

End of Exam
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Instructions to candidates

1.
All numerical answers must be stated to 3 significant figures. Questions containing estimates should be stated to two significant figures.

2.
The rules for the conduct of School Curriculum and Standards Authority examinations are detailed in the Student Information Handbook. Sitting this examination implies that you agree to abide by these rules.
3.
Write answers in this Question/Answer Booklet.

4.
You must be careful to confine your responses to the specific questions asked and to follow any instructions that are specific to a particular question.

5.
Working or reasoning should be clearly shown when calculating or estimating answers.

6.
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If you need to use the space to continue an answer, indicate in the original answer space where the answer is continued, i.e. give the page number. Fill in the number of the question(s) that you are continuing to answer at the top of the page.

Section One: Short response - 30%
(45 Marks)

This section has 10 questions. Answer all questions. Write your answers in the space provided.
Spare pages are included at the end of this booklet. They can be used for planning your responses and/or as additional space if required to continue an answer. 

Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

Continuing an answer: If you need to use the space to continue an answer, indicate in the original answer space where the answer is continued, i.e. give the page number. Fill in the number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time for this section is 45 minutes.

Question 1









(3 marks)


A fountain designer wanted a nozzle embedded in a wall to fire a stream of water horizontally to land in a small bowl, 1.5 m away and 0.5 m lower than the nozzle. At what speed should the designer have planned for the water to exit the nozzle? Air resistance should be ignored.


Vertical





Horizontal


s 
= ut + ½at2
and
u = 0


s = ut 

=>
t 
= sqrt(2 x s /a)



=>
u = s/t = 1.5/t


= sqrt(2 x 0.5 /9.8) = 0.319 s

Combine


u
= s/t = 1.5/0.391 = 4.70 m s-1 horizontal to the right

Question 2









(5 marks)

Two students threw a ball backwards and forwards between them. They stood 20 m apart and caught the ball from the same height at which they threw it. The ball was thrown at a constant speed of 15 m s-1. Air resistance should be ignored. They found that two possible launch angles could be used.

a)
Sketch a diagram showing the two possible trajectories of the ball.

(1 mark)


[image: image25]


b)
What are the two possible launch angles to the horizontal? 


You may need the formula: sin(2θ) = 2 x sinθ x cosθ 

(4 marks)



Vertical





Horizontal


v = u + at
and
v = -u



s = ut 

=>
t = -2u/a = 2 x 15 x sinθ/9.8


=>
t = s/u = 20/(15 x cosθ)

Combine


2 x 15 x sinθ/9.8 = 20/(15 x cosθ)

=>
2(sinθ x cos θ) = 20 x 9.8 / 152) = 0.8711

=>
sin(2θ) = 0.8711 => 2θ = 60.59° or  180 – 60.9 = 119.41

=>
 θ = 30.3° or 59.7° upwards from the horizontal

Question 3









(5 marks)

To help cars corner safely, many highway corners are banked slightly so the road slopes downwards towards the inside of the bend. Over time, roads can settle and develop “reverse camber” with the banking sloping downwards towards the outside of the bend. 

What frictional force must a 1500 kg car’s tyres provided on a “reverse camber” bend at an angle of 5° and having a radius of 100 m if the car is travelling at 72 km h-1?



[image: image26]

ΣF = 0

Horz







Vert

ΣF = mv2/r





ΣF = 0

F x cosθ – N x sinθ = mv2/r



F x sinθ + N x cosθ = mg









=> N = (mg - F x sinθ)/cosθ

Combined

F x cosθ – ((mg - F x sinθ)/cosθ) x sinθ = mv2/r

=> F x (cosθ + sin2θ/cosθ) = mv2/r + mg x sinθ/cosθ

=> F/cosθ = mv2/r + mg x sinθ/cosθ

=> F  = mv2 cosθ /r + mg x sinθ


= 1500 x (72/3.6)2 x cos5°/100 + 1500 x 9.8 x sin5° = 7258.4 = 7.26x103 N up the slope

Question 4









(5 marks)



An electrical generation wind turbine as pictured is a large three bladed fan that spins at a constant speed under constant load in a steady breeze. The mass of the blades is not distributed uniformly but each blade can be approximated to a 15 tonne point mass 35 m from the axis of rotation. The blades typically spin at 22 rpm. 




a)
Calculate the tension in a blade at its point of attachment at the instant in time that it is pointing vertically up.







(3 marks)

vcom = 2 x π x r / T = 2 x π x r x f = 2 x π x 35 x 22/60 = 80.6 m s-1
ΣF = mv2/r = 15x103 x 80.62/35 = 2.79x106 N

[image: image27]
T= ΣF – mg = 2.79x106 - 15x103 x 9.8 = 2.64x106 N
b)
Calculate the tension in the blade at its point of attachment at the instant in time that it is pointing vertically down







(2 marks)


[image: image28]
T= ΣF + mg = 2.79x106 + 15x103 x 9.8 = 2.93x106 N 

Question 5









(5 marks)

Using a powerful optical telescope, astronomers have been able to observe planets orbiting nearby stars. One such planet was found to have a circular orbit of radius 9.27X1011 m about its star. Its orbital period was 5.23x103 days.

a)
What was the mass of the star it orbited?




(3 marks)


GM/4π2 
= r3/T2
=> M

= 4π2r3/(G x T2) 


= 4π2 x (9.27X1011)3/(6.67x10-11 x (5.23x103 x 24 x 3600)2)


= 2.31x1030 kg
b)
A second planet, also in a circular orbit around that star, was discovered. It had an orbital period 2.2 times more than that of the first observed planet. What would its orbital radius have been?








(2 marks)


r13/ T12 = r 23 /T22
=> T22/ T12 = r23/ r13
=> (T2/ T1)2 = (r2/ r1)3
=> (T2/ T1)2/3 = r2/ r1
=> r2 = (T2/ T1)2/3 x r1 = 2.22/3 x 9.27x1011 = 1.57x1012 m


Question 6









(5 marks)
a)
A satellite in a low circular orbit about the Earth began to spiral in towards the Earth. 
Explain in terms of forces and energy why this happened and suggest a cause. 











(3 marks)
A force in the opposite direction to the instantaneous velocity of the satellite must be acting on the satellite. The force results in energy being transferred away from the satellite so the total energy of the satellite falls. Given that the satellite is in low Earth orbit, the most likely cause of the force is air resistance.



b)
If the satellite was equipped with directional rocket engines, what action could be taken 
to restore the satellite to its original orbit?




(2 marks)



The rocket engines could be fired on the opposite direction to the satellites instantaneous velocity.



Question 7









(4 marks)
Calculate the position of the centre of mass of the heavy wooden bedhead pictured below and mark its position on the diagram. The bedhead is horizontally symmetrical and made of four uniform rectangular pieces of wood joined at right angles to each other. All masses and dimensions are as shown.



[image: image29]

Question 8









(6 marks)
A “Keep Out” sign that was in danger of being blown over because its support posts were being eaten by termites was propped up with 12 kg beam of wood leant against it as shown. The beam was 2.8 m long. The beam was not attached to the ground or to the smooth back of the sign.

[image: image30]
a)
What was the force exerted on the back of the sign by the beam if no wind was 
blowing?








(3 marks)


Find Nsign, the force of the back of the sign on the beam.
Take moments about point of contact of the beam with the ground:
Στ = 0
τc = Nsign x 2.8 x sin60°= τac = m x g x 2.8 x ½ x cos60°
=> Nsign = m x g x 2.8 x ½ x cos60°/(2.8 x sin60°) = 12 x 9.8 x 2.8 / (2.8 x 2 x tan60°) = 34.0 N
therefore the force of the back of the sign on the beam is 34.0 N to the right



b)
What was the force exerted on the beam by the ground if no wind was blowing?











(3 marks)
 ΣF = 0 
Vertical






Horizontal
mg + Nground = 0





Ffriction + Nsign = 0
=> Nground = -mg = -12 x 9.8 = -117.6 N
i.e.118 N up
=> Ffriction =  - Nsign =  -34.0 
i.e. 34 N left

[image: image31]

Question 9









(3 marks)
Most gem quality diamonds are clear and transparent. They are cut and polished as irregular polyhedra, solid shapes with many flat sides (facets). In any diamond, those facets have a wide range of orientations. Using the picture of a diamond below, explain why someone looking at a diamond moving through direct sunlight sees many flashes of light coming from the diamond.








[image: image32.png]



Question 10









(4 marks)
Annabelle lived next door to a house in which a party was being held. She complained to the party’s host, Bruce, that she could not sleep with her window open a crack because of the “thump thump” of the music that was being played at the party. Bruce responded that he was surprised that there was a problem because:

· only the windows of his house facing the road were open and they were only open a crack so he thought the music would not even head toward Annabelle’s house.
· the music was not “base heavy dance or trance” but music with a good balance of base, mid-range and treble.

Assuming that Bill and Annabelle were honest, explain why the base sounds are heard by Annabelle but the higher frequencies are not.

[image: image33.png]Diffraction effects
get less obvious
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~—






End of Section One

Section Two : Problem-Solving - 50%
(75 Marks)

This section has seven (7) questions. You must answer all questions. Write your answers in the space provided.
Spare pages are included at the end of this booklet. They can be used for planning your responses and/or as additional space if required to continue an answer. 

Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

Continuing an answer: If you need to use the space to continue an answer, indicate in the original answer space where the answer is continued, i.e. give the page number. Fill in the number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time for this section is 75 minutes.

Question 11









(13 marks)
A tiny satellite with a mass of 1.00 kg is to be launched into orbit.
 

a)
What is the kinetic energy of a 1.00 kg mass at sea level at the equator due to its rotation with the Earth’s surface about the Earth’s centre?



(2 marks)


v = 2 x π x r / T = 2 x π x 6.38x106 / (24 x 3600) = 464 m s-1
EK = ½ x m x v2 = ½ x 1 x 4642 = 1.08x105 J











b)
What is the kinetic energy of a 1.00 kg mass at sea level at the South Pole due to its rotation with the Earth’s surface about the Earth’s centre?


(1 mark)

0 J

c)
What is the kinetic energy of a 1.00 kg mass in a geostationary orbit above Earth?












(4 marks)
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The change in gravitational potential energy when an object of mass m is moved from a distance r1 above Earth’s centre to a distance r2 above Earth’s centre is given by: 
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d)
What is the increase in potential energy of the object if it is moved from Earth’s surface to geostationary orbit?







(2 marks)


ΔEgravitational-potential  
= -GmM x ((1/r2) – (1/r1))




= 
[image: image37.wmf](
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 EMBED Equation.3  [image: image38.wmf]



= 9.56 J


ΔEgravitational-potential  
= -GmM x ((1/r2) – (1/r1))





= 
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= 5.30x107 J


e)
What is the increase in total energy (E gravitational-potential + EK) of the object if it is moved from Earth’s surface at the equator to geostationary orbit?



(2 marks)

ΔET
=

ET:geostationary -ET:earths-surface-at-equator


=

EP:geostationary + EK:geostationary - (EP:earths-surface-at-equator + EK:earths-surface-at-equator)
=

(EP:geostationary - EP:earths-surface-at-equator) + (EK:geostationary - EK:earths-surface-at-equator)


=

9.56 + (4.71x106 - 1.08x105)


=

4.61x106 J
ΔET
=

ET:geostationary -ET:earths-surface-at-equator


=

EP:geostationary + EK:geostationary - (EP:earths-surface-at-equator + EK:earths-surface-at-equator)
=

(EP:geostationary - EP:earths-surface-at-equator) + (EK:geostationary - EK:earths-surface-at-equator)


=

5.30x107 + (4.71x106 - 1.08x105)


=

5.76x107 J
f)
Making reference to the above answers if it assists you, explain why satellites are generally launched from nearer the equator than from nearer the poles.
(2 marks)


Because the less energy that is required to launch a satellite, the more economic is the launch, it is usual to launch from locations where required energy is minimised. The minimum energy required for launching a satellite into a geostationary orbit is given by the formula:

(EP:geostationary - EP:earths-surface) + (EK:geostationary - EK:earths-surface)
EP:geostationary , EP:earths-surface and EK:geostationary do not depend on the location on Earth’s surface of the launch.
As calculated in parts a and b above, EK:earths-surface does depend on launch location. As EK:earths-surface is subtracted when computing the total energy required,, it can be seen that the greater is EK:earths-surface, the less the energy required to launch the satellite. That is, if the satellite already has some EK at launch (due to the Earth’s rotation), less additional energy will be needed to launch the satellite, provided that it is launched in the direction of Earth’s rotation.

Question 12









(16 marks)
A crane was to be used to lift a rectangular hollow concrete box which was standing on its end on level ground. The box was known to have uniform thickness walls (meaning that its centre of mass was at its geometric centre). Its mass was not known but its external dimensions were. The crane had a lifting capacity that could not be exceeded. In order to check the mass of the box without risking toppling the crane, the crane was used to tilt the box through a range of angles and the torque used to achieve that tilt was measured. From the resulting torque versus tilt graph, the mass of the box was calculated. The crane cable was attached to the lower left corner of the box. See the illustration to the right.


a)
Assuming that the crane’s lifting cable was hanging vertically and was itself weightless, 
write a formula for the torque applied to the box about its pivot point in terms of the 
tension in the cable, T, the width of the box , w, and the angle of tilt, θ. Ensure that units 
and direction are included.






(2 marks)

τ = T x w x cosθ N m clockwise


For this box, the formula relating the tilt angle to the lifting torque in SI units is believed to be:
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. The table below shows the data that was collected.


	Variable
	Dependent or Independent
	Units
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Trial 6

	Angle (θ)
	independent
	degrees
	0
	4
	8
	12
	16
	20

	τ
	dependent
	N m
	221000
	13000
	159000
	127000
	94000
	61000

	sin(27.22 - θ))
	manipulated
	none
	0.457
	0.394
	0.329
	0.262
	0.195
	0.126


b)
Identify the independent and dependent variable in the table.

(1 mark)

c)
Manipulate the appropriate data in the data table to prepare it for a creating a straight 
line graph. Label the row containing the manipulated data with the manipulated variable.
State the units of the variable.





(2 marks)



d)
Graph the manipulated data below. Identify any outliers by 
drawing a circle around them 
on the graph and then draw the line of best fit.



(4 marks) 
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e)
Calculate the gradient of the line fit of best on the graph itself.

(2 marks)

f) 
In this copy of formula that followed part a, circle the part of the formula that represents 
the gradient of the line of best fit. 
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(1 mark)

g)
Using the measured gradient and your answer to part f, estimate the mass of the box.











(2 marks)

m x g x 1.968 = 4.825x105 => m = 4.825x105 / (9.8 x 1.968) = 2.50x104 kg


h)
What is the significance of the intersection between the line of best fit and the angle 
related axis?





(2 marks)

Sin(27.22 – θ) = 0 and torque  = 0 where the line of best fit meets the angle related axis. If sin(27.22 – θ) = 0 then θ = 27.22. As 0 torque is required to further tilt the box at this angle, this is the tippling angle of the block.


Question 13









(7 marks)
A salad spinner (illustrated at right) consists of a perforated bowl that can be rotated at high speed inside another bowl. The device is used to remove the water that was used to rinse salad ingredients. The wet ingredients are placed in the inner bowl which is spun rapidly. The water passes through the perforations into the outer bowl leaving the ingredients much drier. 






a)
The inner perforated bowl is spun at 400 rpm. Calculate its period of rotation in 

SI units. 








(1 mark)

f = 400/60 s-1
T = 1/f = 60/400 = 0.150 s


b)
The inner perforated bowl has a radius of 25 cm. What is the magnitude of the 
centripetal force on a 50 g lettuce leaf pressed against its side?

(3 marks)


F = m x v2 / r

and

v=2 x π x r /T
=>
F 
= m x (2 x π x r /T)2 /r 


= m x 4 x π2 x r/T2 


= 50x10-3 x 4 x π2 x 25x10-2/0.1502


= 21.9 N

c.
Explain how spinning the salad removes the water.



(3 marks)


Perforated bowl provides an unbalanced force on the leaf and causes it to accelerate towards the centre of the spinner, (centripetal acceleration). Therefore, the leaf changes direction.

The perforations mean that perforated bowl cannot push the water, so the water does not accelerate and continues in its original direction.

That is, the leaf accelerates away from the water thus drying the salad.



This page is intentionally blank

Question 14









(10 marks)
The tallest mountain in the solar system is Olympus Mons on Mars at 21870 m high; so tall that its summit is almost into the vacuum of outer space. The radius of Mars is 3.40x106 m and its mass is 6.42x1023 kg. A cannon that could fire a 10 kg projectile horizontally towards the north pole of the planet was placed on Olympus Mons’ summit. A not-to-scale diagram is shown below. 


[image: image43]
a)
The cannon ball was fired with the velocity required for it to land at point A. On the 
diagram above, sketch the trajectory of the cannon ball, ignoring any air resistance.










(1 mark)

b)
For this part of Question 14 only, ignore the curvature of the surface and friction with the 
atmosphere, and assume that the gravitational field strength at the top of the mountain 
is equal to that at the bottom.


i)
Calculate the time taken for the cannon ball to land at point A, 200 km 


horizontally from the summit and at 0 m height. 


(3 marks)
vert

a 
= GM/r2


= 6.67x10-11 x 6.42x1023/(3.40x106)2







= 3.70

s
 = ut + ½at2

u = 0
=>
s 
= ½at2
=>
t 
= sqrt(2s/a) 


= sqrt(2 x 21870/3.70)


= 109 s


ii)
Calculate the initial speed of the cannon ball.


(1 mark)
horz

s
= ut
=>
u
= s/t


= 200x103/109


= 1.84x103 m s-1





c)
The cannon ball was fired with the velocity calculated for it to land at point A when zero 
air resistance was assumed. On the diagram above, sketch the trajectory 
of the cannon 
ball assuming that there was actually air resistance.



(2 marks)

d)
The cannon ball was fired again; this time with sufficient speed to enter a circular orbit around Mars. Calculate that speed, again ignoring any air resistance. The 
not-to-scale diagram below may assist you.




(3 marks)



[image: image44]

GM/r2 = v2/r
=>
v
= sqrt(GM/r)


= sqrt(6.67x10-11 x 6.42x1023/(3.40x106+21870)


= 3.54x103 m s-1












Question 15









(10 marks)


An alpine shelter was built with a steep symmetrical roof. The roof was made in four segments hinged together to allow for easy transport. There were two heavy skylight windows on each segment. The hinged segments each had a mass of 45 kg and a thickness (excluding the windows) of 20 cm. Rope ties were firmly attached in order to prevent the roof from bending at the side hinges when erected. The roof segments rested upon metal brackets set into low walls that supported the outside edges of the lower two segments. Dimensions are as shown below. 

[image: image45] 
a)
What was the vertical force on the roof exerted by the metal bracket A?
(2 marks)

ΣFvert=0 => |Fbracket:A|=(4 x 45) x g/2 =882 N upwards

(½ the total weight of the roof)


b)
By treating each side of the roof as a single piece and by taking moments about metal 
bracket A, show that the force of the right hand side of the roof on the left hand side of 
the roof is 255 N to the left.






(2 marks)

Analyse left hand side of roof 
Taking moments about LH bracket 
Στ = 0 => τclockwise = τanticlockwise

τclockwise

= weight x r = 2 x 45 x g x  5 x cos60°/2

(5 x cos60°/2 is ¼ width of roof)
τanticlockwise
= thrustRHS_on_LHS  x 5 x sin60°



(5 x sin60° is height of roof)
τclockwise = τanticlockwise 

=> 
2 x 45 x g x 5 x cos 60°/2= thrustRHS_on_LHS  x 5 x sin60°
=>
thrustRHS_on_LHS 
= 2 x 45 x g x 5 x cos 60°/(2 x 5 x sin60°) 




= 45 x g / tan60°




= 255 N to the left


c)
What is the horizontal force exerted on the roof by metal bracket A?
(1 mark)

255 N to the right

d)
Calculate the tension in the left hand rope tie that will result in the net torque on the 
lower left hand roof segment being zero. (Hint, take moments about the hinge in 
the 
middle of the left hand side of the roof.)




(5 marks)

Analyse the lower left hand roof segment
Taking moments about hinge in the middle of the left hand side of the roof.
 Στ = 0 => τclockwise = τanticlockwise

τanticlockwise
= (τ due to weight + τ due to brackethorz + τ due to Tension)


= 45 x g x 5 x cos60°/4 + 255 x 5 x sin60°/2 +Tension x 0.2
(method 2: 
when weight of LH segment of roof is appropriately “slid, its perpendicular distance from the hinge is or1/8 width of roof or 5 x cos60°/4  

when the horizontal force of the LH bracket is “slid” its perpendicular distance from the hinge is ½ height of roof or 5 x sin60°/2

when the tension is appropriately “slid”, its perpendicular distance from the hinge is 20 cm)
τclockwise

=  τ due to bracketvert


= 882 x 5 x cos60°/2

(method 2: 

when the vertical force of the LH bracket is “slid” its perpendicular distance from the hinge is ¼ width of roof or 5 x cos60°/2)


τclockwise = τanticlockwise 

=> 
45 x g x 5 x cos60°/4 + 255 x 5 x sin60°/2 +Tension x 0.2= 882 x 5 x cos60°/2
=> 
Tension 
= (882 x 5 x cos60°/2- 45 x g x 5 x cos60°/4 - 255 x 5 x sin60°/2)/0.2




= 1.37x103 N (full precision gives 1.38 x103 N

Question 16









(10 marks)
A novelty device used to collect loose change for charities consists of a conical funnel around which a coin can be rolled before finally ending up in a collection bowl. Such a device is illustrated below in cross-section. The funnel has a polished hard surface on which a coin will roll with little friction. In the questions below, assume that the coin being rolled is a one dollar coin with a mass of 9.00 g. As the diagram is not-to-scale, a graph is provided to assist you.

[image: image46] 
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a)
A coin is to be rolled in a circular path of radius 0.42 m. Assuming no friction, with what 
speed must it be rolled?






(3 marks)


[image: image48]


b)
In part a, in what direction should the coin have been launched?

(1 mark)

tangential to the horizontal circle of radius 0.42 m




c)
The coin of part a was launched at the same height and speed as required by part a 
but at a slightly different direction to that described in part b so that it began heading 
slightly downwards. Sketch in top down view the trajectory that the coin would follow. 
For comparison, sketch the circular trajectory of part a as a dotted line on the same 
diagram. Mark the launch point on the diagram. Indicate the direction of travel.











(3 marks)



[image: image49]
d)
Describe and explain the changes to the speed of the coin and the shape of its 
trajectory that would result from the coin launched again as it was in part a but with 
friction now being a significant factor.




(3 marks)


Coin would spiral down the funnel with its radius getting smaller and smaller as its 
energy is transformed to heat because of friction. However, as it falls, its speed would 
increase as required for circular motion with increased centripetal force due to the 
increase slope of the cone. (That increase would be offset by the decrease in in speed 
required due to the reduced radius – a smaller effect than the increased force.) The 
increased speed implies increased kinetic energy but the total energy of the coin falls 
because its potential energy falls so much as it gets lower in the funnel.







Question 17









(9 marks)









The device illustrated at right is a type of siren. When the lower handle is turned, the perforated disk at the top spins rapidly. In order to make the siren sound, the disk is spun and a stream of air is blown through one of the rings of perforations. If we consider the stream of air after it passes through the disk, it rapidly oscillates from a stream to no flow. This oscillation in the flow results in vibrations in the air or sound. The rate at which this oscillation occurs is the frequency of the sound.










a)
If the perforated disk was spun at 2400 rpm what is the frequency at which it spins?










(1 mark)

240/60 = 40 Hz



b)
If there are ten holes in the ring of holes through which the 
air is blown, what is the 
frequency of the sound produced?











(2 marks)
240 x 10 = 2400 per minute therefore 2400/60=400Hz
c)
What is the period of the sound produced in part b?



(2 mark)


1/400=0.0025 s



The perforated disk is now rotated at a different speed and produces a sound frequency of 1000 Hz in air with a peak particle displacement of 1 mm.

d)
Draw graphs on the axes below each showing 2 complete oscillations for this sound. 
Each graph will have a vertical axis of “Particle displacement” but they will have different 
horizontal axes. Annotate the graphs, to show the wavelength, period and amplitude. 
Accurately plot all the maxima and minima




(4 marks)
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End of Section Two

Section Three: Comprehension - 20%
(30 Marks)

This section contains two (2) questions. You must answer both questions. Write your answers in the space provided.
Spare pages are included at the end of this booklet. They can be used for planning your responses and/or as additional space if required to continue an answer. 

Planning: If you use the spare pages for planning, indicate this clearly at the top of the page.

Continuing an answer: If you need to use the space to continue an answer, indicate in the original answer space where the answer is continued, i.e. give the page number. Fill in the number of the question(s) that you are continuing to answer at the top of the page.

Suggested working time for this section is 30 minutes.

Question 18
(15 marks)

Roller Coasters

Paragraph 1

In 1827, a mining company in Summit Hill, Pennsylvania constructed the Mauch Chunk gravity railroad sketched in figure 1. A 14 km downhill track was used to deliver coal to the processing plant at Mauch Chunk from the mine in the hills above. The wagons were dragged up to the mine by mules and then loaded with coal. Their brakes were then released and the coal filled wagons rolled down the wooden rails to the processing plant. By the 1850s, the "Gravity Road" (as it became known) was providing rides to thrill-seekers for 50 cents a ride. 
[image: image52]
Paragraph 2

The earliest purpose built roller coasters used steam powered winches to drag wagons full of brave thrill seekers to the tops of man-made hills from which the wagons were allowed to roll down wooden rails via a series of smaller man made hills and valleys and around curves of varying radii back to the base of hill at the start. The limiting factor in the complexity and duration of the ride for these devices were the very high levels of friction caused by the use of wooden rails and roughly formed wheels. It has been estimated for the descent phase, such roller coasters typically operated at only 35% efficiency.

Paragraph 3

From their primitive beginnings, roller coasters have evolved into the technically sophisticated contraptions that are loosely called roller coasters today. Efficiencies have been vastly improved with the introduction of polished metal rails and low friction wheels. In some cases, the initial hills have become frighteningly tall, up to nearly 140 m. Other modern roller coasters have dispensed with an initial hill altogether, beginning the ride by catapulting the wagons along level track to start with. Some roller coasters provide an additional push to the wagons at various points along the track. Perhaps the biggest advance in roller coaster was the introduction of so called up-lift wheels.

	


Paragraph 4

Originally, the wheels at each corner of the wagon were flanged as per figure 2. They were replaced by up-lift wheels. Up-lift wheels are a block of six wheels as illustrated in the side view photograph of figure 3 below. These wheels are arranged so that they not only run along the top of the rails but also along the sides and the undersides of the rails. The wheels that run along the sides of the rails hold the wagons on the track during sharp left or right hand cornering. The flange of the flanged wheels achieved a similar result but with considerably more friction. The wheels that run along the underside of the track hold the wagon on the track during rapid downward accelerations, a result not achieved by flanged wheels. 


	[image: image53.jpg]





Paragraph 5

Up-lift wheels and the other advances mean that modern roller coasters are able to achieve very high accelerations as they pass over intermediate hills and as they negotiate sudden slope decreases on the way up hills and sudden slope increases on the way down hills. Accelerations of 4.7 g (4.7 times the acceleration due to gravity) are achieved by the most extreme roller coasters.


Paragraph 6

The advent of up-lift wheels and safe passenger harnesses has also meant the roller coaster wagons can now safely operate upside down. This has meant that loop-the-loops are now possible. Even the most modern roller coasters have their wagons “coast” around loop-the-loops, that is, the wagons are not powered as they go around the loop. The Law of Conservation of Energy means that, if roller coaster designers know the speed at which a wagon coasts into the bottom of a loop, they can work out how fast it will be going around the top of the loop (and, yes, they do ignore friction.) They usually try to design the loop height and radius so the passengers are apparently weightless at the top of the loop. You may notice that loop-the-loops are rarely circular. One typical loop-the-loop has a radius of curvature at its top of 7.5 m with a height of 18 m. 



Paragraph 7

Of course, the greatest thrill of any roller coaster is the sensation of “your stomach in your mouth” that results from going over the crest of an intermediate hill at high speed. Our stomach is relatively free to move in the cavity of our abdomen so that if our bodies accelerate with a wagon because we are strapped to it, our stomach initially does not accelerate and gets left behind until the top of our abdominal activity pushes down hard enough on our stomach to give it the same acceleration as our body. That force on our stomach can be enough to result in unpleasant consequences for passengers foolish enough to travel on a roller coaster with a stomach full of soft drink and greasy food.


Questions.

a)
For the earliest purpose built roller coasters, what devices were used to provide the 
initial gravitational potential energy to the wagons and their occupants?
(1 mark)

Steam powered winches


b)
If one of the earliest purpose built roller coasters with a typical efficiency lifts its wagons 
to a height of 60 m, calculate the speed would you expect the wagons to have after the 
descent phase?







(2 marks)

0.35 x m x g x h = ½ x m x v2 =>v =sqrt(0.35 x 2 x g x h) = sqrt(0.35 x 2 x 9.8 x 60) = 20.3 m s-1




c)
The diagram below shows a roller coaster track on which wagons with up-lift wheels 
travel from left to right. Circle the two points at which the wheels on the underside of the 
track might exert a force on the track. Explain why.



(3 marks)


[image: image54]


d)
On one modern roller coaster, the wagons round a 10.7 m radius horizontal bend at 
high speed. The force exerted by the wheels pushing against the side of the track as the 
wagon negotiates this bend results in the horizontal acceleration of 4.7 g mentioned in 
paragraph 5. At what speed must the wagon have rounded the bend?
(2 marks)


a
 = v2/r
=>
v
= sqrt(ra)


= sqrt(10.7 x 4.7 x 9.8)


= 22.2 m s-1

e)
Considering the loop-the-loop of paragraph 6 and making the same assumptions as the
roller coaster designer, with what speed should a wagon enter the bottom of the 

loop-the-loop for the passengers to feel weightless at the top?

(4 marks)

EK:bottom = ½ m vbottom2
EK:top = ½ m vtop2 = ½ m vbottom2 – m g h
=>
vtop2 = vbottom2 – 2 g h

ac:top
 = vtop2/r
=>
g
= (vbottom2 – 2 g h)/r
(if acceleration down is g, passenger is apparently weightless)
=>
vbottom 
= sqrt(rg + 2 g h)


= sqrt(9.8(7.5 + 2 x 18))


= 20.6 m s-1






f)
What force is exerted on a passenger’s full stomach, with a mass of 2.00 kg, by the top 
of their abdominal cavity if the roller coaster travels over a hill of radius 12 m at a 
speed 
of 18 m s-1? 







(3 marks)

ΣFstomach = m v2/r = 2 x 182/12 = 54 N

weightstomach = m g = 2 x 9.8 = 19.6 N

Force of top of abdominal cavity on stomach is 54.0 – 19.6 = 34.40 N down

Question 19
(15 marks)

The Pantheon


Figure 1 - The Pantheon from outside


Paragraph 1

The Pantheon is an Ancient Roman temple in Rome Italy. The building consists of two major pieces or rooms. They are the rectangular front and the circular back.

Paragraph 2

The front piece is the smaller of the two. Its roof is held up over the rectangular shape by stone columns. This front section is known as the portico. It acts as an entrance or preliminary room. There are eight columns in the front row and two groups of four behind.




Paragraph 3

The second piece is much larger and represents the building proper. This section has a circular floor plan and a huge domed ceiling with a hole at the top of the dome called the oculus. The dome is made from ancient re-enforced concrete. Almost two thousand years after it was built, the Pantheon's dome is still the world's largest unreinforced concrete dome. The height of the oculus above the floor is 43.3 m. The ceiling forms a perfect spherical shape of diameter 43.3 m.




Paragraph 4

The ceiling was made from molded sections of concrete that are approximately square in shape. They serve both a structural and a decorative purpose. The name given to this effect of square shapes molded from concrete is “coffered”. It is thought that the molded sections were mounted onto temporary scaffolding until a complete ring was in place. The scaffolding was then removed leaving each ring as a self supporting structure.

Paragraph 5

The shape of the roof has a great deal in common the simpler structure of the keystone arch. The domed ceiling however does not require a keystone due to its spherical rather than arched shape. The hole in the top (absence of the keystone) allows natural light to enter the room providing natural illumination to the space (an advantage in an ancient society without the benefit of electricity).

References

http://en.wikipedia.org/wiki/Pantheon,_Rome Extracted 1/4/2013

 Questions
a)
The Pantheon is largely made from stone and concrete. Explain why the spacing 
between the pillars in both the front and back rooms cannot be too large and why the 
stones that are placed across the tops of the pillars must be thick.

(4 marks)


[image: image55]
|















b)
Why is it that the domed ceiling of the pantheon (second room) has a hole (oculus) but 
can still stand without collapsing? Use diagrams to assist your explanation.











(3 marks)


[image: image56]
c)
Onto the diagram below indicate how the weight of the structure is supported and 
transferred around the arch.






(3 marks)


[image: image57]
d)
Why do the outer walls of the pantheon have a wide base?


(1 mark)

The wide base of the outer walls prevents them from tipping in response to the outward forces of the dome.

e)
In what structural ways are the “coffered” (hollowed) repeated concrete pieces similar to 
and different from metal “I” beams.





(2 marks)

	
	Concrete “Coffered” Pieces
	Metal I Beams

	One Similarity
	Most of the material of I beams and “coffered” pieces is around the edges of the beam or piece where stresses are at their maxima.

	One Difference
	
Made of concrete therefore strong in compression and weak in tension.
	Made of steel therefore strong in both compression and tension.


f)
Would engineers be allowed to build an unreinforced concrete structure like this in 
modern times? Explain why or why not.




(2 marks)

No. Earthquakes, subsidence and other earth movements can occur in almost all locations. This can result in unplanned tensions in concrete components Without reinforcing, concrete is weak in tension. These days it would be considered unacceptable to build a structure prone to collapse under even mild earth movement. 

End of Exam
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radius of Mars 3.390x106





point A





hinge





rope tie





hinge





rope tie





 45 kg





45 kg





metal bracket A





60°





segment thickess: 20cm





Shows the position of the centre of mass of each segment including skylight windows
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The centre of mass of the two segments comprising this side of the roof is at this hinge, 2.5 m from the corner of the left hand bracket 





Skylight window





metal bracket B
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rolling wagon





Processing plant at Mauch Chunk





rolling wagon
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Figure 2: flanged wheel





Figure 3: Up-lift wheels – side view
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Figure 3 - Top View Cross Section Diagram











Figure 2 – Inside the Pantheon looking up.








Figure 5 - Cross-section of the Pantheon showing how a 43.3 m diameter sphere fits under its dome.





Figure 4 - Artist impression of the inside of the Pantheon
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 = c.o.m.,  cy m from ground





 


Realise that c.o.m. will fall on line of symmetry. Draw this line. Its x coord is x coord of c.o.m..�Project the c.o.m. of each block of wood onto that line. �Draw the line horizontally.�Take moments about the  c.o.m. (or use c.o.m. formula: xcom=(m1x1+m2x2+ … +mnxn)/(m1+m2+ … +mn)�Στ = 0 	=> τc = τac �	=> g(cy-0.75)18=g((1.05- cy)7+(1.35- cy))11        (g cancels)�	=>18cy -13.5= -7 cy+7.35-11cy +14.85  �	=> cy(18+7+11) = 13.5+7.35+14.85�	=> 36cy = 35.7�	=> cy=35.7/36 = 0.9917=0.992 m�Therefore c.o.m. is 0.992 m above the ground and 0.9 m from either side of the bedhead
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Diamonds have a very high refractive index.





For a diamond in air θc is therefore small.





As a result, light hitting a facet at other than a small angle of incidence will totally internally reflect with the angle of incidence equalling the angle of reflection.





Because there are a large number of facets, sunlight will reflect from many facets. Because these facets are all in different orientations, these reflections will be in a wide variety of directions.





As the ring is moved about, many facets in turn will reflect light into and observer’s eye which will be detected as flashes of light.





Include a diagram like the one beside. The smaller the gap compared to the wavelength, the more sound “bends” around the edges of the gap. Narrow window openings are small gaps for the long wavelengths of low frequencies but are relatively large gaps for the short wavelengths of the high frequencies. Annabelle will hear the low frequencies of the music that diffract but not hear the high frequencies that diffract very little as so travel in straight paths away from Bruce’s house and not towards Annabelle’s house.
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Gradient Calculation


grad 	= (y2 – y1)/(x2 – x1)�	= (193 - 0)/(0.4 - 0)�	= 482.5 kN m�	= 482.5x103 N m�	= 4.83x105 N m
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point A





hinge





rope tie





hinge





rope tie





 45 kg





45 kg





metal bracket A
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segment thickess: 20cm





Shows the position of the centre of mass of each segment including skylight windows





45 kg
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5.0 m





The centre of mass of the two segments comprising this side of the roof is at this hinge, 2.5 m from the corner of the left hand bracket 
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	mgtan21=mv2/r


=>	v	= sqrt(r x g x tan21)


		= sqrt(0.42 x 9.8 x tan21)


		= 1.26 m s-1
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mine entrance





rolling wagon





Processing plant at Mauch Chunk





rolling wagon





Figure 1





flange





Figure 2: flanged wheel





Figure 3: Up-lift wheels – side view
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At both these points, the centre of curvature of the track is below the wagon and the wagon would have acceleration towards that centre. If the component of the weight force parallel to the radius vector at those points is less than the force required for centripetal acceleration at the wagon’s speed, the underside wheels would have to provide an additional force by pushing up on the track.





Figure 3 - Top View Cross Section Diagram











Figure 2 – Inside the Pantheon looking up.








Figure 5 - Cross-section of the Pantheon showing how a 43.3 m diameter sphere fits under its dome.





Figure 4 - Artist impression of the inside of the Pantheon





The stone beam will sag in the middle as its weight pulls it down while the supports keep it up. The greater the distance between the supports, the heavier the beam and the more it will sag. The top of the beam is in compression, the bottom in tension, the middle is neutral. If the beam’s weight is too great, the tension is too great and the beam will fail. The thicker the beam, the more tension and compression in the beam for the same amount of sag as the top and bottom of the beam are further from the neutral line. Therefore, for the same amount of tension, the less sag that will result. This is an architecturally desirable result. 





N





N





mg





All the stones of a cylindrical arch are in compression which means that the stones adjacent to the keystone push against it. A dome can be considered to be collection of cylindrical arches sharing a single keystone. If that keystone is removed, it will leave a circular hole with the stones adjacent to its circumference being all 





keystone





towards the centre of the hole. The stones surrounding the hole form a circular arch which is itself able to support the compressions from all sides so if the limits of the strength of that circular arch are not exceeded, the dome will stand.





 oculus








76
2013 – Year 12 – 3AB – Physics Exam – Sem 1

_1429355594.unknown

_1429505014.xls
Chart1

		0.4574083641		0.3942627243

		0.3291962762

		0.262526017

		0.1945767573

		0.1256795393

		0.0561700232



220.5290970945

130

158.7145388351

126.5709812727

93.8107826124

60.5935472491

27.0811062144



Sheet1

																						0		4		8		12		16		20		24

		w		1.8		m		width		482.1273820268		25										220.5		130		158.6836421209		126.5394085237		93.7786876479		60.5610864324		27.0484376914

		h		3.5		m		height														221		130		159		127		94		61		27

		m		25				mass														0.457		0.394		0.329		0.262		0.195		0.126		0.056

		g		9.8				g						482.1273820268

				0.4750107563

				27.22								torque

		0		27.22		27.22		0.4750786224		0.4574083641		220.5290970945

		4		27.22		23.22		0.4052654523		0.3942627243		130

		8		27.22		19.22		0.3354522822		0.3291962762		158.7145388351

		12		27.22		15.22		0.2656391122		0.262526017		126.5709812727

		16		27.22		11.22		0.1958259421		0.1945767573		93.8107826124

		20		27.22		7.22		0.126012772		0.1256795393		60.5935472491

		24		27.22		3.22		0.0561996019		0.0561700232		27.0811062144

		28		27.22		-0.78		-0.0136135682		-0.0136131477		-6.5632712476

		23		27.22		4.22		0.0736528944		0.0735863211		35.4779803376

		45		27.22		-17.78		-0.310319541		-0.3053629305		-147.223830245

		50		27.22		-22.78		-0.3975860036		-0.3871937719		-186.6767195856

		55		27.22		-27.78		-0.4848524662		-0.4660778349		-224.7088863716

		60		27.22		-32.78		-0.5721189288		-0.5414147642		-261.0308828494

		65		27.22		-37.78		-0.6593853914		-0.6126312002		-295.366276694

		70		27.22		-42.78		-0.746651854		-0.6791851428		-327.4537548259

		75		27.22		-47.78		-0.8339183166		-0.7405700764		-357.0491121616																										3.9357337308

		80		27.22		-52.78		-0.9211847792		-0.7963188246		-383.9271101616																										1.9678668654

		85		27.22		-57.78		-1.0084512418		-0.8460071057		-407.8831910317

		90		27.22		-62.78		-1.0957177044		-0.8892567618		-428.7350345315





Sheet1

		





Sheet2

		





Sheet3

		





		





		





		






_1429355612.unknown

_1427721026.xls
Chart1

		0

		0.05

		0.1

		0.15

		0.2

		0.25

		0.3

		0.35

		0.4

		0.45

		0.5

		0.55

		0.6

		0.65

		0.7

		0.75

		0.8

		0.85

		0.9

		0.95

		1

		1.05

		1.1

		1.15

		1.1560693642



Horizontal distance from source (m)

Particle displacement (mm)

Horizontal distance from source  versus Particle displacement

0

0.5171309901

0.8852313113

0.9982190653

0.8235325976

0.4115143586

-0.1190971601

-0.6153863702

-0.9343289425

-0.9840096257

-0.7501110696

-0.3000399062

0.236498997

0.7048818539

0.9701265965

0.9557930148

0.6660118674

0.1842944486

-0.3505343202

-0.7843434919

-0.9921147013

-0.9139708903

-0.5724321256

-0.065925598

-4.90059381963448E-16



Sheet1

		2.5

		60

		150		A		30		45		10 questions average 4.5 marks each

				B		50		75		7 questions average10.7 marks each								10.7142857143

				C		20		30

		Section A		10 questions average 4.5 marks each

		Question		Topic		Style								Marks				Topics

		1		projectile motion				unequal launch and land height						3				projectile motion

		2		projectile motion				equal launch and land height						5				circular motion

		3		circular motion				banked track						5				universal gravitation

		4		circular motion				vertical						5				structures

		5		universal gravitation				inverse square with ratios						5				sound

		6		universal gravitation				spiral orbits						5

		7		structures				com						4

		8		structures				ladder						6

		9		sound				refraction						3

		10		sound				diffraction						4

		spare		structures				why does a bicycle lean

														45

		Section B		7 questions average10.7 marks each

		Question		Topic		Style								Marks				Topics

		11		universal gravitation				geostationary and energy						16				projectile motion						projectile becomes a satellite

		12		structures				toppling wardobe						10				circular motion						sphere of death variable radius circular motion

		13		circular motion				salad spinner						8				universal gravitation

		14		universal gravitation				projectile become sateliite become						10				structures

		5		structures				roof calcs						12				sound

		6		circular motion				sphere of death variable radius circular motion				graphical		10

		7		sound				spinning wheel						9

														75

		Section C





Sheet2

		

		r earth		6.38E+06						v equator		4.64E+02

		pi		3.1415926536						EK equator		1.08E+05

		m		1						r gs		4.22E+07

		T		24		hours				v gs		3.07E+03

				86400		s				EK GS		4.71E+06

		G		6.67E-11						ΔEP		5.30E+07

		M		5.97E+24						ΔET		5.76E+07





Sheet3

		

				Radius (m)		Angle between the funnel and the horizontal (°)

		0		0.6		0

		-2.292442776		0.58		2.292442776

		-4.5885657358		0.56		4.5885657358

		-6.8921025793		0.54		6.8921025793

		-9.2068962213		0.52		9.2068962213

		-11.5369590328		0.5		11.5369590328

		-13.8865403626		0.48		13.8865403626

		-16.2602047083		0.46		16.2602047083

		-18.6629248849		0.44		18.6629248849

		-21.1001960241		0.42		21.1001960241

		-23.5781784782		0.4		23.5781784782

		-26.1038811373		0.38		26.1038811373

		-28.6854020141		0.36		28.6854020141

		-31.3322514976		0.34		31.3322514976

		-32.6836388463		0.33		32.6836388463

		-34.0557977426		0.32		34.0557977426

		-35.4505426392		0.31		35.4505426392

		-36.8698976458		0.3		36.8698976458

		-38.3161344737		0.29		38.3161344737

		-39.7918194996		0.28		39.7918194996

		-41.2998727917		0.27		41.2998727917

		-42.8436430436		0.26		42.8436430436

		-44.4270040008		0.25		44.4270040008

		-46.0544804377		0.24		46.0544804377

		-47.7314155704		0.23		47.7314155704

		-49.4641978887		0.22		49.4641978887

		-51.2605754021		0.21		51.2605754021

		-53.1301023542		0.2		53.1301023542

		-55.0847937526		0.19		55.0847937526

		-57.1401196211		0.18		57.1401196211

		-59.316582891		0.17		59.316582891

		-61.6423634237		0.16		61.6423634237

		-64.1580672368		0.15		64.1580672368

		-65.5053515286		0.145		65.5053515286

		-66.9260819344		0.14		66.9260819344

		-68.4348149848		0.135		68.4348149848

		-70.0515564112		0.13		70.0515564112

		-71.8051276612		0.125		71.8051276612

		-73.7397952917		0.12		73.7397952917

		-75.9301322524		0.115		75.9301322524

		-78.5216590455		0.11		78.5216590455

		-79.1125171227		0.109		79.1125171227

		-79.7369041014		0.108		79.7369041014

		-80.4013616166		0.107		80.4013616166

		-81.1148757298		0.106		81.1148757298

		-81.890385544		0.105		81.890385544

		-82.7477531349		0.104		82.7477531349

		-83.7204193589		0.103		83.7204193589

		-84.8735999181		0.102		84.8735999181

		-86.375692506		0.101		86.375692506

		-90		0.1		90





Sheet3

		



Angle between the funnel and the horizontal (°)

Radius of the funnel (m)

Angle between the funnel and the horizontal (°)

Angle between the  funnel and the horizontal (°)



Sheet4

		

				1		v		346						x		y

				-1		f		200						0		0

						lambda		0.5780346821						0.05		0.5171309901

						T		0.005						0.1		0.8852313113

						2 x lambda		1.1560693642						0.15		0.9982190653

														0.2		0.8235325976

														0.25		0.4115143586

														0.3		-0.1190971601

														0.35		-0.6153863702

														0.4		-0.9343289425

														0.45		-0.9840096257

														0.5		-0.7501110696

														0.55		-0.3000399062

														0.6		0.236498997

														0.65		0.7048818539

														0.7		0.9701265965

														0.75		0.9557930148

														0.8		0.6660118674

														0.85		0.1842944486

														0.9		-0.3505343202

														0.95		-0.7843434919

														1		-0.9921147013

														1.05		-0.9139708903

														1.1		-0.5724321256

														1.15		-0.065925598

														1.1560693642		-4.90059381963448E-16





Sheet4

		



Horizontal distance from source (m)

Particle displacement (mm)

Horizontal distance from source  versus Particle displacement




_1427773956.unknown

_1427721036.xls
Chart1

		0

		0.05

		0.1

		0.15

		0.2

		0.25

		0.3

		0.35

		0.4

		0.45

		0.5

		0.55

		0.6

		0.65

		0.7

		0.75

		0.8

		0.85

		0.9

		0.95

		1

		1.05

		1.1

		1.15

		1.1560693642



Horizontal distance from source (m)

Particle displacement (mm)

Horizontal distance from source  versus Particle displacement

0

0.5171309901

0.8852313113

0.9982190653

0.8235325976

0.4115143586

-0.1190971601

-0.6153863702

-0.9343289425

-0.9840096257

-0.7501110696

-0.3000399062

0.236498997

0.7048818539

0.9701265965

0.9557930148

0.6660118674

0.1842944486

-0.3505343202

-0.7843434919

-0.9921147013

-0.9139708903

-0.5724321256

-0.065925598

-4.90059381963448E-16



Sheet1

		2.5

		60

		150		A		30		45		10 questions average 4.5 marks each

				B		50		75		7 questions average10.7 marks each								10.7142857143

				C		20		30

		Section A		10 questions average 4.5 marks each

		Question		Topic		Style								Marks				Topics

		1		projectile motion				unequal launch and land height						3				projectile motion

		2		projectile motion				equal launch and land height						5				circular motion

		3		circular motion				banked track						5				universal gravitation

		4		circular motion				vertical						5				structures

		5		universal gravitation				inverse square with ratios						5				sound

		6		universal gravitation				spiral orbits						5

		7		structures				com						4

		8		structures				ladder						6

		9		sound				refraction						3

		10		sound				diffraction						4

		spare		structures				why does a bicycle lean

														45

		Section B		7 questions average10.7 marks each

		Question		Topic		Style								Marks				Topics

		11		universal gravitation				geostationary and energy						16				projectile motion						projectile becomes a satellite

		12		structures				toppling wardobe						10				circular motion						sphere of death variable radius circular motion

		13		circular motion				salad spinner						8				universal gravitation

		14		universal gravitation				projectile become sateliite become						10				structures

		5		structures				roof calcs						12				sound

		6		circular motion				sphere of death variable radius circular motion				graphical		10

		7		sound				spinning wheel						9

														75

		Section C





Sheet2

		

		r earth		6.38E+06						v equator		4.64E+02

		pi		3.1415926536						EK equator		1.08E+05

		m		1						r gs		4.22E+07

		T		24		hours				v gs		3.07E+03

				86400		s				EK GS		4.71E+06

		G		6.67E-11						ΔEP		5.30E+07

		M		5.97E+24						ΔET		5.76E+07





Sheet3

		

				Radius (m)		Angle between the funnel and the horizontal (°)

		0		0.6		0

		-2.292442776		0.58		2.292442776

		-4.5885657358		0.56		4.5885657358

		-6.8921025793		0.54		6.8921025793

		-9.2068962213		0.52		9.2068962213

		-11.5369590328		0.5		11.5369590328

		-13.8865403626		0.48		13.8865403626

		-16.2602047083		0.46		16.2602047083

		-18.6629248849		0.44		18.6629248849

		-21.1001960241		0.42		21.1001960241

		-23.5781784782		0.4		23.5781784782

		-26.1038811373		0.38		26.1038811373

		-28.6854020141		0.36		28.6854020141

		-31.3322514976		0.34		31.3322514976

		-32.6836388463		0.33		32.6836388463

		-34.0557977426		0.32		34.0557977426

		-35.4505426392		0.31		35.4505426392

		-36.8698976458		0.3		36.8698976458

		-38.3161344737		0.29		38.3161344737

		-39.7918194996		0.28		39.7918194996

		-41.2998727917		0.27		41.2998727917

		-42.8436430436		0.26		42.8436430436

		-44.4270040008		0.25		44.4270040008

		-46.0544804377		0.24		46.0544804377

		-47.7314155704		0.23		47.7314155704

		-49.4641978887		0.22		49.4641978887

		-51.2605754021		0.21		51.2605754021

		-53.1301023542		0.2		53.1301023542

		-55.0847937526		0.19		55.0847937526

		-57.1401196211		0.18		57.1401196211

		-59.316582891		0.17		59.316582891

		-61.6423634237		0.16		61.6423634237

		-64.1580672368		0.15		64.1580672368

		-65.5053515286		0.145		65.5053515286

		-66.9260819344		0.14		66.9260819344

		-68.4348149848		0.135		68.4348149848

		-70.0515564112		0.13		70.0515564112

		-71.8051276612		0.125		71.8051276612

		-73.7397952917		0.12		73.7397952917

		-75.9301322524		0.115		75.9301322524

		-78.5216590455		0.11		78.5216590455

		-79.1125171227		0.109		79.1125171227

		-79.7369041014		0.108		79.7369041014

		-80.4013616166		0.107		80.4013616166

		-81.1148757298		0.106		81.1148757298

		-81.890385544		0.105		81.890385544

		-82.7477531349		0.104		82.7477531349

		-83.7204193589		0.103		83.7204193589

		-84.8735999181		0.102		84.8735999181

		-86.375692506		0.101		86.375692506

		-90		0.1		90





Sheet3

		



Angle between the funnel and the horizontal (°)

Radius of the funnel (m)

Angle between the funnel and the horizontal (°)

Angle between the  funnel and the horizontal (°)



Sheet4

		

				1		v		346						x		y

				-1		f		200						0		0

						lambda		0.5780346821						0.05		0.5171309901

						T		0.005						0.1		0.8852313113

						2 x lambda		1.1560693642						0.15		0.9982190653

														0.2		0.8235325976

														0.25		0.4115143586

														0.3		-0.1190971601

														0.35		-0.6153863702

														0.4		-0.9343289425

														0.45		-0.9840096257

														0.5		-0.7501110696

														0.55		-0.3000399062

														0.6		0.236498997

														0.65		0.7048818539

														0.7		0.9701265965

														0.75		0.9557930148

														0.8		0.6660118674

														0.85		0.1842944486

														0.9		-0.3505343202

														0.95		-0.7843434919

														1		-0.9921147013

														1.05		-0.9139708903

														1.1		-0.5724321256

														1.15		-0.065925598

														1.1560693642		-4.90059381963448E-16





Sheet4

		



Horizontal distance from source (m)

Particle displacement (mm)

Horizontal distance from source  versus Particle displacement




_1427719866.xls
Chart1

		0.6

		0.58

		0.56

		0.54

		0.52

		0.5

		0.48

		0.46

		0.44

		0.42

		0.4

		0.38

		0.36

		0.34

		0.33

		0.32

		0.31

		0.3

		0.29

		0.28

		0.27

		0.26

		0.25

		0.24

		0.23

		0.22

		0.21

		0.2

		0.19

		0.18

		0.17

		0.16

		0.15

		0.145

		0.14

		0.135

		0.13

		0.125

		0.12

		0.115

		0.11

		0.109

		0.108

		0.107

		0.106

		0.105

		0.104

		0.103

		0.102

		0.101

		0.1



Angle between the funnel and the horizontal (°)

Radius of the funnel (m)

Angle between the funnel and the horizontal (°)

Angle between the  funnel and the horizontal (°)

0

2.292442776

4.5885657358

6.8921025793

9.2068962213

11.5369590328

13.8865403626

16.2602047083

18.6629248849

21.1001960241

23.5781784782

26.1038811373

28.6854020141

31.3322514976

32.6836388463

34.0557977426

35.4505426392

36.8698976458

38.3161344737

39.7918194996

41.2998727917

42.8436430436

44.4270040008

46.0544804377

47.7314155704

49.4641978887

51.2605754021

53.1301023542

55.0847937526

57.1401196211

59.316582891

61.6423634237

64.1580672368

65.5053515286

66.9260819344

68.4348149848

70.0515564112

71.8051276612

73.7397952917

75.9301322524

78.5216590455

79.1125171227

79.7369041014

80.4013616166

81.1148757298

81.890385544

82.7477531349

83.7204193589

84.8735999181

86.375692506

90



Sheet1

		2.5

		60

		150		A		30		45		10 questions average 4.5 marks each

				B		50		75		7 questions average10.7 marks each								10.7142857143

				C		20		30

		Section A		10 questions average 4.5 marks each

		Question		Topic		Style								Marks				Topics

		1		projectile motion				unequal launch and land height						3				projectile motion

		2		projectile motion				equal launch and land height						5				circular motion

		3		circular motion				banked track						5				universal gravitation

		4		circular motion				vertical						5				structures

		5		universal gravitation				inverse square with ratios						5				sound

		6		universal gravitation				spiral orbits						5

		7		structures				com						4

		8		structures				ladder						6

		9		sound				refraction						3

		10		sound				diffraction						4

		spare		structures				why does a bicycle lean

														45

		Section B		7 questions average10.7 marks each

		Question		Topic		Style								Marks				Topics

		11		universal gravitation				geostationary and energy						16				projectile motion						projectile becomes a satellite

		12		structures				toppling wardobe						10				circular motion						sphere of death variable radius circular motion

		13		circular motion				salad spinner						8				universal gravitation

		14		universal gravitation				projectile become sateliite become						10				structures

		5		structures				roof calcs						12				sound

		6		circular motion				sphere of death variable radius circular motion				graphical		10

		7		sound				spinning wheel						9

														75

		Section C





Sheet2

		

		r earth		6.38E+06						v equator		4.64E+02

		pi		3.1415926536						EK equator		1.08E+05

		m		1						r gs		4.22E+07

		T		24		hours				v gs		3.07E+03

				86400		s				EK GS		4.71E+06

		G		6.67E-11						ΔEP		5.30E+07

		M		5.97E+24						ΔET		5.76E+07





Sheet3

		

				Radius (m)		Angle between the funnel and the horizontal (°)

		0		0.6		0

		-2.292442776		0.58		2.292442776

		-4.5885657358		0.56		4.5885657358

		-6.8921025793		0.54		6.8921025793

		-9.2068962213		0.52		9.2068962213

		-11.5369590328		0.5		11.5369590328

		-13.8865403626		0.48		13.8865403626

		-16.2602047083		0.46		16.2602047083

		-18.6629248849		0.44		18.6629248849

		-21.1001960241		0.42		21.1001960241

		-23.5781784782		0.4		23.5781784782

		-26.1038811373		0.38		26.1038811373

		-28.6854020141		0.36		28.6854020141

		-31.3322514976		0.34		31.3322514976

		-32.6836388463		0.33		32.6836388463

		-34.0557977426		0.32		34.0557977426

		-35.4505426392		0.31		35.4505426392

		-36.8698976458		0.3		36.8698976458

		-38.3161344737		0.29		38.3161344737

		-39.7918194996		0.28		39.7918194996

		-41.2998727917		0.27		41.2998727917

		-42.8436430436		0.26		42.8436430436

		-44.4270040008		0.25		44.4270040008

		-46.0544804377		0.24		46.0544804377

		-47.7314155704		0.23		47.7314155704

		-49.4641978887		0.22		49.4641978887

		-51.2605754021		0.21		51.2605754021

		-53.1301023542		0.2		53.1301023542

		-55.0847937526		0.19		55.0847937526

		-57.1401196211		0.18		57.1401196211

		-59.316582891		0.17		59.316582891

		-61.6423634237		0.16		61.6423634237

		-64.1580672368		0.15		64.1580672368

		-65.5053515286		0.145		65.5053515286

		-66.9260819344		0.14		66.9260819344

		-68.4348149848		0.135		68.4348149848

		-70.0515564112		0.13		70.0515564112

		-71.8051276612		0.125		71.8051276612

		-73.7397952917		0.12		73.7397952917

		-75.9301322524		0.115		75.9301322524

		-78.5216590455		0.11		78.5216590455

		-79.1125171227		0.109		79.1125171227

		-79.7369041014		0.108		79.7369041014

		-80.4013616166		0.107		80.4013616166

		-81.1148757298		0.106		81.1148757298

		-81.890385544		0.105		81.890385544

		-82.7477531349		0.104		82.7477531349

		-83.7204193589		0.103		83.7204193589

		-84.8735999181		0.102		84.8735999181

		-86.375692506		0.101		86.375692506

		-90		0.1		90





Sheet3

		



Angle between the funnel and the horizontal (°)

Radius of the funnel (m)

Angle between the funnel and the horizontal (°)

Angle between the  funnel and the horizontal (°)



Sheet4

		

				1		v		346						x		y

				-1		f		200						0		0

						lambda		0.5780346821						0.05		0.5171309901

						T		0.005						0.1		0.8852313113

						2 x lambda		1.1560693642						0.15		0.9982190653

														0.2		0.8235325976

														0.25		0.4115143586

														0.3		-0.1190971601

														0.35		-0.6153863702

														0.4		-0.9343289425

														0.45		-0.9840096257

														0.5		-0.7501110696

														0.55		-0.3000399062

														0.6		0.236498997

														0.65		0.7048818539

														0.7		0.9701265965

														0.75		0.9557930148

														0.8		0.6660118674

														0.85		0.1842944486

														0.9		-0.3505343202

														0.95		-0.7843434919

														1		-0.9921147013

														1.05		-0.9139708903

														1.1		-0.5724321256

														1.15		-0.065925598

														1.1560693642		-4.90059381963448E-16





Sheet4

		



Horizontal distance from source (m)

Particle displacement (m)

Horizontal distance from source  versus Particle displacement




