Focus 2:    Many factors have to be taken into account to achieve a successful rocket launch, maintain a stable orbit and return to Earth. 

*The general formula sheet contains equations you may need

Part A:   Multiple Choice Questions   (select the most correct answer)

1a.   A projectile is 

A. an object, like an aeroplane, flying parallel to the ground

B.    like a rocket launching into space
C.    like a bullet fired from a gun
D.    a type of missile that needs continuous thrust to keep moving
b.   In a vacuum, if one bullet is fired horizontally and the other is dropped vertically at the same time 



X



      Y




A. bullet X will hit the ground first

B.    bullet Y will hit the ground first 
C.    bullet Y will not hit the ground
D.    they will both hit the ground at the same time
c.   
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The above diagram shows a cannon ball's flight on its way to demolishing a castle wall. Which of the following statements are correct? (Ignore air friction)

A. Its greatest vertical velocity is at W

B.    Its greatest horizontal velocity is at U
C.    The ball will have zero vertical velocity at W
D.    The horizontal velocity at V will be greater than at X.
2a.   Galileo lived from 

A.   1564 - 1642

B.   1286- 1324
C.   1712- 1792
D.   1815- 1872
b. Galileo worked  out, through experimentation, that 

A.   projectile motion is like a semi-circle

B.    projectiles have a parabolic shape
C.   objects of two different masses fall at different rates
D.    the Earth is at the centre of the solar system
c. According to Galileo, if a ball was dropped from the top of a mast while the sailing ship was moving quickly the ball would fall

A.   straight down to the base of the mast

B.   towards the back of the ship
C.   straight down relative to the water
D.   backwards relative to the water
3a.   Which of the following planets would have the greatest escape velocity?

A. Mercury

B. Pluto

C. Earth

D. Mars

b. The following is the general equation used to determine the "escape velocity" from a celestial object like a planet or moon: 
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      Using Earth as an example, which of the following is the correct escape velocity?


G  =  6.67 x 10-11 N.m2kg-2
Mass of the Earth  = 5.98 x 1024 kg

Radius of the Earth  = 6380 km

A. 3.35 x 102 m/s

B. 11.2 x 103 m/s

C. 3.35 km/s

D. 1.12 m/s

c. Two space explorers are put into space two months apart. Craft X has a mass of 300kg and craft Y has a mass of 600kg.

      For them to escape Earth's gravity

A. they will both need the same escape velocity

B. craft X will need a 10% lower escape velocity than Y

C. craft Y will need double the velocity compared with X, in order to escape

D. is virtually impossible because of their large masses

4a.   Einstein, Galileo and Newton all made very important discoveries concerning the universe. Which of the following lists places them in their correct chronological order starting with the earliest scientist?
A. Einstein, Galileo, Newton

B. Galileo, Newton, Einstein

C. Newton, Galileo, Einstein

D. Galileo, Einstein, Newton

b. Newton suggested that artificial objects could be put into orbit by using the hypothetical example of 

A. a cannon ball being shot horizontally from a mountain top

B. a ball being dropped from the mast of a moving ship

C. a cannon ball being shot at high velocity into the air

D. dropping two objects of different masses from a great height to see which one hit the ground first.

c. For an object to stay in orbit above the Earth indefinitely

A. it must maintain a rocket propulsion to counteract the Earth’s gravity

B. it must be able to skip across the upper atmosphere at a very shallow angle

C. it needs a side ways velocity of sufficient magnitude to parallel the projectile motion with the Earth's surface

D. it needs to get sufficient height to be out of the gravitational field

5a.   You will feel acceleration most 

A. when moving at a constant velocity

B. when cruising quietly at maximum altitude in a commercial jet

C. when standing still as the Earth rotates

D. as your car turns a corner quickly

b. Which of the following conditions will create a feeling of zero gravity?

A. Just after jumping from an aeroplane

B. Standing still

C. Under hard acceleration in a car

D. While descending in a fast elevator

c. An astronaut being launched into space is experiencing 7.3 g. What is the value of his artificial gravitational acceleration?

A.  7.3 m/s2
B.  1.3 m/s2
C. 71.5 m/s2
D. 98.0 m/s2
6a.   What happens to your weight as you descend on a roller coaster ride?

A. Decreases

B. Stays the same

C. Increases

D. Changes from 10kg to 1g

b. 
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This is a typical roller coaster at a theme park. Which of the above positions on the roller coaster would make you feel like you have more "weight".

A. V

B. W

C. X

D. Y

c.


Lucy is on a fast roller coaster half way through a loop. Her normal body mass is 50kg and she is experiencing a 4g turn. What is her artificial "weight" at this point?

A.   200 kg

B.   200 N
C.   1470 N
D.   122.5 kg
7a.   The Earth's surface rotates at approximately 

A.   450 m/s in the easterly direction

B.   30 km/s in the easterly direction
C.   450 m/s in the westerly direction
D.   30 km/s in the westerly direction
b. If you were to launch a satellite into orbit, the path needing the least energy would be from

A.   the south pole in the northerly direction

B.   the equator in the westerly direction
C.   approximately 20o N or 20oS in the Easterly direction
D.   the equator in the easterly direction
c. The best method of getting a spacecraft from the Earth to Mars would be to launch it

A.   to the east, then in the same direction as the Earth's orbit

B.   to the west, then in the opposite direction to the Earth's orbit
C.   directly at Mars with sufficient velocity to escape the Earth's gravitational field
D.   to the east, then loop it around Jupiter for a "sling shot" effect to reach Mars faster.
8. 
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The above diagram represents the launch of a team of scientists to work in a new space station. 

a. Which position in the launch path would most likely produce the greatest acceleration on the astronauts?

A. V

B. W

C. X

D. Y

b. Which position will most likely have an acceleration of 1g?

A. V

B. W

C. X

D. Y

c.   As a rocket lifts off, scientists can calculate the momentum of the whole system (rocket plus ejected gas). Which of the following is the most correct for the total momentum of the rocket system during the early stages of the launch? 

     Zero            100m           3000m

    Height           High             High

A.   zero           negative       positive

B.   negative    positive        positive

C.   zero           zero             zero

D.   positive     positive       positive 

9a.   Which of the following is not an example of two dimensional circular motion?

A. Rotating bicycle wheel 

B. Pendulum

C. Orbiting satellite

D. The gas thrusting out of the rocket engine during a launch

b.   





Lunar Satellite





Moon

Moon

If a scientist were to analyse the motion of a lunar satellite, at any point in its orbit she would find that 

A. the velocity and acceleration are both in the same direction

B. the velocity and acceleration are at right angles to each other

C. the velocity is parallel to the surface and the acceleration is out away from the centre of the moon

D. the velocity is parallel to the surface and the acceleration is in the opposite direction

c.   Calculate the height above the surface of the Earth that a satellite would be orbiting at if its velocity is 8.0 km/s ? (Earth’s radius is 6380 km and assume g  =  9.0 m/s 2 for this height)

A. 731 km

B. 7310m

C. 73.1 km

D. 7310 km

10a.   A geostationary orbit 

A.   has a period of 12 hours

B.   is generally between 42,000 and 50,000 km above the Earth's surface
C.   requires a lot of energy to maintain and keep the satellite from moving
D.   has a period of 24 hours
b. Assume the Earth is a perfect sphere and has no air resistance, what would be the velocity of a satellite orbiting 1m above the surface? (Earth's radius is 6380 km)

A.   7.9 km/s

B.   790 m/s
C.   79 m/s
D.   79 km/s
c.   Calculate the distance above the Earth's surface needed to establish a geostationary orbit. (Earth's diameter is 12760 km and mass is 5.98 x1024 kg)

A.   42,300 km

B.   35,420 km
C.   29540 km
D.   48,680 km
11a.   Isaac Newton is one of the most productive scientists to ever have lived. Which of the following fields was not researched by Newton?

A.   telescopes/ optics

B.   nuclear radiation
C.   gravity
D.   motion
b. Newton's Universal law of gravitation is based on the

A.   attraction between any two massive objects

B.   attraction between a massive object and any hypothetical point in space
C.   distance between two massless objects
D.   radius rather than the mass of the objects being attracted
c.   What is the distance from the Earth's centre to a 200 kg satellite that is experiencing 

      130 N of gravitational attraction towards the Earth?


G  =  6.67 x 10-11 N.m2.kg-2
Earth’s mass  =  5.98 x 1024 kg

Earth's radius  =   6830 km

A.   6830 km
B.   7700 m
C.   7716 km
D.   14530 km
12. 
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a. In the above equation the symbol for the period of motion is 

A. r

B. T

C. G

D. M

b. As a space probe approaches Jupiter, it can gain momentum because of the "slingshot effect". This happens because

A. Jupiter attracts the probe into an orbital position

B. Jupiter has a large gravitational field and is moving in its orbit

C. Jupiter spins rapidly, attracting the probe to its atmosphere

D. Jupiter is both rotating on its axis and orbiting the sun

c. Calculate the radius of a space ship's orbit from the centre of the Earth if the period of motion is 24 hours.

A.   4.88 x 107 m

B.   52,000 km
C.   35620 km
D.   4.2 x 107 m
13a.   The reason a feather floats to the ground but a tennis ball falls quickly is because

A.   the tennis ball is heavier 

B.   the feather has anti-gravity tendencies
C.   the feather is too light to be affected by gravity
D.   of air resistance on the feather
b. A space craft orbiting just above the Earth's atmosphere 

A.   may eventually be slowed down by collisions with stray air molecules

B.   will be moving slower than a higher altitude satellite
C.   can be moved to a higher orbit by slowing it down

D.   should stay in that orbit indefinitely
c. Approximately every eleven years the sun increases its sunspot activity giving out more heat and other radiation than normal. This 

A.   expands the atmosphere slightly and causes orbital decay in low orbiting  satellites

B.   shrinks the atmosphere, speeding up the satellite orbits 
C.   causes all the satellites to change their orbital position dramatically

D.   ionizes the upper atmosphere and causes lightning to hit the lower orbit satellites

14a.   An orbiting spacecraft will re-enter the atmosphere if

A.   its angular velocity is increased

B.   its angular velocity is decreased
C.   the value of the gravitational acceleration is decreased
D.   the amount of momentum is increased
b. On re-entering the atmosphere astronauts should not be subjected to g-forces greater than

A.   2

B.   5
C.   10
D.   20
c. For a spacecraft to safely re-enter the Earth's atmosphere with its crew, which of the following angles of entry would be best?

A.   -6.5 0 relative to vertical  
B.   + 6.5 0 relative to the horizon
C.   –12 0 relative to the horizon

D.   -6.0 0 relative to the horizon

Part B:     Short Answer Questions

*Show all working in questions with calculations

*Use the table of equations to select the appropriate equation when needed

1a.   What is a projectile? ____________________________________________________________________





        Y



      X



As this cannon ball tries to demolish the castle, compare the vertical velocities of the ball at X and Y. __________________________________________________________________________________________________________________________________________

b. Tiger Woods drives a golf ball at 44.0 m/s and 300 above the fairway. Assuming the fairway is flat and air friction is zero, calculate the distance to where the ball hits the ground.

2a.   Who was Galileo? __________________________________________________________________________________________________________________________________________

b. What is special about the shape of the trajectory of a projectile with no air friction? __________________________________________________________________________________________________________________________________________

c.   Draw an example of the trajectory of a projectile and describe some of its features. Ignore air friction.

3a.   What is escape velocity? ____________________________________________________________________

b. Escape velocity can be determined by using the following equation:


                     v2 escape =  
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      What do the symbols v,G,M, and R represent?


v. ______________________________


G. ______________________________


M. ______________________________


R. ______________________________

c. Use the above equation to determine the escape velocity of a space probe leaving Earth. 

G  =  6.67 x 10-11 N.m2.kg-2
Earth’s mass  =  5.98 x 10-2 kg

Earth's diameter  =   13660 km

4a.   Name one discovery that Newton is famous for. ____________________________________________________________________

b. Why do orbiting satellites not fall down onto the Earth? __________________________________________________________________________________________________________________________________________

c. Describe the conditions under which a projectile shot from a cannon on top of a mountain could be put into stable circular orbit. Ignore air friction. _______________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   What does the term "g-force" mean to an astronaut? ____________________________________________________________________

b. Calculate the acceleration of an astronaut being subjected to a 7.5g launch. 

c. Describe in detail the motion of an astronaut in a fixed orbit around the Earth. _______________________________________________________________________________________________________________________________________________________________________________________________________________

6a.   What is the gravitational acceleration (g) on an astronaut just before takeoff? ____________________________________________________________________

b.   Calculate the weight of a 75kg astronaut while being launched at a 8.2g. 

c.   Calculate the mass of a child that weighs 2020N in a 4.5g roller coaster turn. 

7a.   If you were in a train travelling at 50km/h and you threw a stone at 40km/h in the direction of the train’s motion, what would be the stones speed relative to the ground? 

b. Why are rockets usually launched towards the east?  __________________________________________________________________________________________________________________________________________

c. Is there any particular launch pathway that can assist or add to the speed of an interplanetary probe? Explain your answer. _______________________________________________________________________________________________________________________________________________________________________________________________________________

8a.   Describe an example of momentum. ____________________________________________________________________

b. Describe the total momentum of a rocket and its gases in the first 15 seconds of lift off. __________________________________________________________________________________________________________________________________________


c. 
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Compare the acceleration being felt by the astronauts at X and Y during the launch. Why would they be different? ____________________________________________________________________________________________________________________________________________________________________________________________________________

9a.   What is uniform circular motion? ____________________________________________________________________

b. Describe the motion (velocity and acceleration) of a piece of chewing gum stuck to the wheel of a push bike moving at a constant speed. __________________________________________________________________________________________________________________________________________

c. Describe the motion and forces being applied to a satellite in a fixed circular orbit. _______________________________________________________________________________________________________________________________________________________________________________________________________________

10a.   What is a geostationary orbit? ____________________________________________________________________

b. What are the advantages of having a satellite in geostationary orbit? __________________________________________________________________________________________________________________________________________

c. What are the advantages of having low orbit spacecraft? _______________________________________________________________________________________________________________________________________________________________________________________________________________

11a.   Why was Isaac Newton famous? ____________________________________________________________________

b. Describe Newton’s law of Universal Gravitation. __________________________________________________________________________________________________________________________________________

c. What is the height of orbit above the Earth’s surface of a 400kg satellite that has 2000N of gravitational force being applied on it from the Earth? 

12a.   Why is a “slingshot approach” used on interplanetary probes? ____________________________________________________________________

b. How does a “slingshot effect” work with interplanetary probes? __________________________________________________________________________________________________________________________________________

c. Why is the “slingshot” approach a less expensive form of interplanetary travel? _______________________________________________________________________________________________________________________________________________________________________________________________________________

13a.   What is orbital decay? ____________________________________________________________________

b.   Outline two causes for orbital decay. ________________________________________________________________________________________________________________________________________

c.  How can a low orbit satellite be moved to a higher circular orbit? ____________________________________________________________________________________________________________________________________________________________________________________________________________

14a.   What does the atmosphere do to fast objects? ____________________________________________________________________

b.   What are the disadvantages of returning astronauts and their spacecraft vertically down to the ground?  ________________________________________________________________________________________________________________________________________

c.  Describe the optimum re entry path and angle for returning spacecraft.  ____________________________________________________________________________________________________________________________________________________________________________________________________________

Part C:   Compulsory Practicals and Research Activities

*Show your working in all questions involving calculations.

*Use the table of equations to select the appropriate equation when needed

1a.   A ball rolls along a flat footpath and covers 30 metres in 5 seconds. What is its velocity? 

b.   A golf ball is launched towards the green at 500 to the horizontal with an initial velocity of 30 m/s. Find the horizontal component u x of the velocity. 







   u x




500 





c. A cannon ball is shot towards a very nervous bunch of soldiers in a castle. The ball has an initial horizontal velocity of 120 m/s and a vertical velocity of 50 m/s, calculate the actual velocity and launch angle from the horizontal.

2a.   A ten pin bowling ball is rolled down the alley towards the pins. A sensor in the floor times the ball at 2.3 seconds for 12 metres. What is the velocity of the ball?


b. 35 m/s 



             100 m





An out of control fruit truck takes a plunge over a 100 metre high cliff at 35 m/s. How far out from the base of the cliff will it crash land?

c.   Tiger Woods launches a golf ball down the fairway with an initial velocity of 150 km/h at an angle of 35 0 from the horizontal. Ignoring air friction, calculate how long it will take to land and the distance covered. Give your answer in seconds and metres.

       150 km/h


     35 0


3a.   A motor bike accelerates away at 3 m/s2 from a stationary position at a set of lights. What will its velocity be after 5 seconds?

b.   A lemon falls from its tree to the ground 3.6 metres below. Calculate the time it takes to hit the ground and its final velocity.


c.   


   50 m




An arrow is shot from the top of a 50 metre castle wall with an initial speed of 60 m/s at 55 0 to  the horizontal. Calculate

1. The maximum height reached above the ground

2. The total time of the flight

3. The distance from the base of the castle wall where the arrow hits the ground.

4a.   What is weight? ____________________________________________________________________

b. Why does an astronaut's weight change during lift off? What happens to their mass during the launch? ________________________________________________________________________________________________________________________________________

c. What causes the acceleration during a space launch? When does it stop?

____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   Name one person who contributed to the early ideas on rocketry and space travel. 

      ___________________

b. Briefly outline the contributions of one significant person to space exploration. ________________________________________________________________________________________________________________________________________

c.   From your research, describe the contributions of two prominent scientists to the exploration of space or rocketry. 1._________________________________________________________________________________________________________________________________________2._________________________________________________________________________________________________________________________________________

6a.   Briefly outline why an orbiting satellite does not fall directly onto the Earth and crash. _______________________________________________________________________________________________________________________________________

b    Describe some differences between a satellite in low orbit to one in a geostationary position. _______________________________________________________________________________________________________________________________________________________________________________________________________________

c. Describe an investigation you have carried out in class to compare the relative speeds of low and high orbit satellites. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

7a.   What is centripetal acceleration? _______________________________________________________________________________________________________________________________________

b.   Calculate the centripetal acceleration of a 200 kg satellite orbiting at 200 km above the Earth's surface with an orbital velocity of 8000 m/s? Earth's radius is 6380 km.

c.   Calculate the orbital velocity of a fictitious satellite that is skimming the surface of the Earth at a height of 20 meters. Ignore air friction and the probability of running into mountains, buildings etc. Earth's diameter is 12760 km and the gravitational acceleration at the surface is 9.8 m/s2.


8.
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a. What do each of the symbols represent in the above equation?

 r _________________________


T _________________________


G _________________________


M _________________________

b. Calculate the altitude above the Earth's surface that a satellite would occupy if it orbited the Earth every 3 hours.


Earth's mass = 5.98 x 10 24 kg

Earth's radius = 6380 km

G = 6.67 x 10 -11 N.m2.kg-2
c. Find the period of a 100 kg rock orbiting an asteroid with a mass of 3.5 x 10 13 tonne. at a radius of 10 km.

9a.   What is centripetal acceleration? ____________________________________________________________________

b.   What causes satellites to have a curved orbit? ________________________________________________________________________________________________________________________________________

c.   Outline an activity that you have carried out to investigate the effect of removing the centripetal acceleration ( eg. Earth's gravitational force on a satellite) from an object undergoing uniform circular motion. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

10a.   What is friction? ____________________________________________________________________

b. What happens to objects that move fast through the atmosphere? Explain your answer. ____________________________________________________________________________________________________________________________________________________________________________________________________________

c.   Describe an investigation you carried out to determine the effect of friction and heat on various substances like ceramics and metals.  ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Focus 2   Answers 

Part A


a
b
c

1.
C
D
C

2.
A
B
A

3.
C
B
A

4.
B
A
C

5.
D
A
C

6.
A
D
C

7.
A
D
A

8.
C
A
C

9.
D
B
A

10.
D
A
B

11.
B
A
C

12.
B
B
D

13.
D
A
A

14.
B
C
D

Part B: 

1a. An object moving in the Earth’s gravitational field without outside influences like rocket power.

b.   At X:   almost maximum vertical velocity because it has just left the cannon

      At Y:   the vertical velocity is zero because it has reached its maximum height and it    is about to fall


c.   u vertical  =  u sin a


       =  44.0 sin 30



       =  22.0 m/s



       u horizontal  =  u cos a




=  44.0 cos 30



=  38.1 m/s


Time to reach the top:

v  =  u  +  at     a  =  -9.8 ,  v  =  0 ,  u  =  22






 t  =  - (22/-9.8)






      =  2.24 s


Time to hit the ground  =  2 x 2.24





  =  4.5 s


Distance to landing spot:
s  =  ut








    =  38.1 x 4.5






    =  171 m

2a.   A famous scientist who lived in the 17th century and described the principles involved in projectiles and other objects in motion. He was also an early promoter of the “heliocentric” model of the solar system.

b.   It is a parabola. This shape reflects rays into a common centre. They use the parabolic dishes for communication and space observation.



c.   





    Parabola

      Features:

1. It is a parabola

2. It is symmetrical

3. Horizontal velocity is constant

4. Vertical acceleration (g) is constant

5. Vertical velocity is maximum at the bottom and zero at the top of the curve

3a.   Escape velocity is the minimum velocity needed to leave the gravitational attraction of another body like the Earth.

b. v = escape velocity

G = universal gravitational constant

M = mass of the body that is being escaped from

R = radius of the body being escaped from

c.
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R  =   6,380 km

G =  6.67 x 10-11 N.m2.kg-2
M =  5.98 x 1024 kg


     =  1.1 x 104

     =  11, 000 m/s


     =  11 km/s

4a.   Calculus, optics, reflecting telescope, motion laws, gravity laws.

b.   The lateral velocity is sufficient to produce a trajectory parallel to the Earth’s surface. It is continually falling but along the curve of the surface.

c. Shot the projectile horizontally with sufficient velocity to set up a stable circular orbit where the trajectory is parallel to the ground.

5a.   “g-force” is a measure of the acceleration on a body compared to the acceleration of a free fall at the surface of the Earth.

b.  Acceleration  =  9.8 x 7.7

     =  73.5 m/s2
c. There will be:

1. a sense of weightlessness or zero gravity

2. a large lateral velocity parallel to the Earth’s surface

3. a constant acceleration towards the Earth

6a.   1g or 9.8 m/s2
b.      w  =  m x a

              =  75 x  (9.8 x 8.2)

              = 6072N

c.        W  =  ma 


m  =  W/a


     =  2020/(4.5 x 9.8)


     =  45.8 kg

7a.   50km/h + 40km/h  =  90 km/h relative to the ground

b.   This is the direction of Earth’s rotation and the rocket can take this surface speed as an extra “bonus” to add to its overall speed.

c.   1.   Launch to the east from the surface

   2.  Send the probe in the direction of Earth’s orbit to keep the orbit speed

      3.  Put them on “slingshot” trajectories with other planets using their gravitational pull and orbiting speed.

8a.   The movement of any object with mass.  M  =  mv  e.g, a car, a fly, a bullet

b. The overall momentum is zero when both the rocket and expelled gases are taken into account.

c.   The acceleration at X will be less than Y because at Y there is less mass in the rocket  due to fuel usage with similar power output from the motors.

9a.   1.   Circular path

2. Constant speed

b. 1.   Constant circular speed 

2. Constant acceleration towards the centre of the wheel

3. Constantly varying velocity

4. Gravity will be applying a constant downward acceleration

c. Forces will be balanced, although the satellite is free falling towards the Earth. The reason it does not hit the surface is because the large lateral velocity keeps the trajectory parallel to the Earth’s surface. 

10a.   The satellite sits over one spot on the Earth with a period of 24 hours and a height of approximately 36,000 kms.

b. To collect and send signals onto the opposite side of the planet. To allow for household communication using fixed collection dishes ie pay TV. To allow international communication without waiting for a satellite to come into view. 

c.   1. Remote sensing of the Earth’s weather, oceans, pollution, ozone etc. need low orbits to increase resolution and sensitivity. 

2. Spy satellites often need to get as close as possible. 

3. Geopositioning needs high accuracy and hence low satellite orbit to reduce errors.

4. It costs more to place objects at high altitudes. 

11a.   He explained gravitation, built a reflecting telescope, invented calculus, investigated cooling, contributed to optical theory etc. 

b. Any two objects with mass will attract each other because of gravity. The force 

     depends on distance apart and the amount of mass in each body.

c.
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      =  8.932 x 106

      =  8932 km


Height above the surface  =  8932 – 6830





      =  2102 km altitude

12a.   The probe uses the momentum of the planets to add extra speed and decrease the arrival time. 

b. Because the planet is moving in its orbit, the probe draws on this extra momentum as it is captured and flung past it by the gravitational field.

c.  1.   Requires a lot less speed and therefore energy at the launch. Although escape  velocity from the Earth is still needed. 

2. Less energy means less fuel and particularly smaller less expensive launch vehicles.  

3. It also means larger payloads can be sent.   

13a.   The slowing down of usually low orbit craft and  the reduction of orbit height.

b. 1.   Orbit is too low and atmosphere slows the satellite down due to air friction. 

2. Elliptical path of some satellites may dip it into the atmosphere 

3. Collisions with micrometeorites (a minor concern)

4. Extra solar activity heats and expands the atmosphere out to the low satellites e.g, Spacelab.

c. Speed it up in the direction of orbit. It will use up the extra speed in gravitational potential energy ie an increase in height. An answer saying something like “to push it further out” is not acceptable. This leads to erratic orbits (ellipse).  

14a. Resists their motion, heating them up. Could get to melting point. 

b. 1.   The heat from the friction with the atmosphere would melt the craft

2. The deceleration forces would be too high for the astronauts 

3. The longer the re-entry path, the smaller the g-forces

c.   Optimum angle is 5.2- 7.20 below the Earth’s horizon. More than this overheats the craft and produces greater g-forces. Less than this may cause the craft to “skip” on the atmosphere. 

Part C

1a.       v   =    s/t


     =   30/5


     =    6 m/s

b.   
u x   =   30 cos 50



  19.3 m/s

c.                          120

  


     y

50




x




x2   =   502   +   1202
Initial velocity
x   =   130 m/s

Launch angle  y   =   tan -1 50/120



   
  =   22.6 0 above the horizon.

2a.

v   =   s/t



     =   12/2.3



     =   5.2 m/s

b.   Fall time:
s   =   ut   +   ½ gt2      u   =   0 ,   g   =   9.8 ,   s   =   100



t2   =   2s/g



t   =   4.52 seconds

 
  Distance from the base of the cliff:

vx   =   s/t








s   =   vxt








     =   35 x 4.52








     =   158 metres

c.   
150 km/h   =   41.7 m/s


u x   =   u cos a


        =   41.7 x cos 35


        =   34.2 m/s


u y   =   u sin a


        =   41.7 x sin 35


        =   23.9 m/s

Total time to the landing:

Time to the top: 
vy   =   uy   +   at
vy   =   0 ,   uy   =   23.9 ,   a   =   -9.8




t    =   -uy/a

=   2. 44 seconds

       Total time to landing   =   2 x 2. 44




        =    4.9 seconds

Distance covered:


s   =   uxt


    =   167.6 m

3a.   v   =   u   +   at
u   =   0 ,   a   =   3 ,   t   =   5


 =   15 m/s

b. Time of fall:
s   =   ut   +   1/2 gt2
u   =   0 ,   g   =   9.8 ,   s   =   3.6




t2   =   2s/g




t     =   0.86 seconds

Velocity at the bottom: 
v   =   u   +   gt     u   =   0 ,   g   =   9.8 ,    t   =   0.86





     =   8. 4 m/s

c.  1.  The maximum height:
uy   =   u sin a





      =   60 x sin 55





      =   49.1 m/s





v2    =   u2   +   2as  
u   =   49.1 ,   v   =   0 ,   a   =   -9.8





 s      =    123 meters above the top of the castle

Total height above ground is     =    123   +   50





    
    =    173 meters

2. Time of flight:


Going up:   v   =   u   +   at
u   =   9.1 ,   v   =   0 ,   a   =   -9.8


        t   =   -u/a



=   5.0   seconds

Falling from the top of the trajectory:



s    =   ut   +   1/2at2



t2   =   2s/a



   =   5.9 seconds

Total time of the flight   =   10.9 seconds

3. Distance from the base of the castle:

ux   =   u cos a

    =   60 cos 55

    =    34. 4 m/s

s   =   uxt

     =   34. 4 x 10.9

     =    375 meters from the base

4a.   Weight is a force derived from the object's mass times the acceleration (eg gravity) it is being subjected to.

b.   Their weight changes because the acceleration on their bodies change ( F   =   ma ). Their mass remains constant.

c.   Acceleration of the rocket is caused by the burning gases pushing against the top of the blast chamber forcing it to lift. It stops when the rocket engines are shut off.

5a.   The Chinese, Tsiolkovsky, Oberth, O'Neill, von Braun.

b. and c. The student could chose any of the above scientists.

6a.   Satellites are attracted to the Earth by gravitation but also have lateral velocity that keeps their trajectory curving parallel to the ground

b.   Geostationary orbits place the satellite over one spot on the ground with a period of 24hours. A low orbit is moving faster and is also moving relative to the ground.

c.   There are a number of methods to show this by using rotating objects and strobe photos or digital videos. Computer simulations and calculations from gravity equations would also display these ideas.

7a.   Centripetal acceleration is the acceleration caused by the change of direction in uniform circular motion. It is directed constantly at the centre of motion.

b.   

a   =   v2/r
v   =   8000 m/s ,   r   =   6,580,000 m



     =   9.7 m/s2
c.   

a   =   v2/r
a   =   9.8 m/s2 ,   r   =   6,380,000 m



v2   =   ar



v   =   7907 m/s

8a.   r  =   radius


T   =   period of rotation


G  =   gravitational constant


M   =   mass of the object (eg planet)

b.   

r3   =   T2GM/4π2
T   =   10,800 s ,   G   =   6.67 x 10-11 N.m2.kg-2 ,   

M   =   5.98 x 1024 kg

Total radius
r   =  10,563,000 m


     
  
   =   10,563 km

Altitude   =   10,563 - 6830



    =   3733 km

c.   
T2   =   r34π2/GM
r   =   10,000 m ,   G   =   6.67 x 10-11 N.m2.kg-2 ,   

M   =   5.98 x 1024 kg

        T   =   4.1 x 103 seconds


 =   1.13 hours

9a.   Centripetal acceleration is the change of direction experienced by objects which turn or curve eg uniform circular motion.

 b.   The curve is caused by a combination of lateral orbital velocity and gravitational acceleration directed towards the centre of the Earth.

c.   One activity could be to compare the effect on two coins (one stuck, one lose) sitting on a rotating turntable. Strobe photos or digital video would help analyse the effect.

10a.   A force that resists motion.

b.   The objects (planes, meteorites etc.) heat up because of the air particle colliding with the surface increase the vibration rate of the atoms in the surface layers. If the temperature is high enough the solids will melt.

c.   Features that could be investigated could include: heat capacity, heat insulation, surface friction.
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