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Silly Serpent

Drawings

1.  
Draw the shape of the track

a) Label the points on the track where you would experience; 

b) The highest speed

c) The highest acceleration 

d) The highest gravitational potential energy

e) The highest kinetic energy

2. 
Draw a diagram of you sitting in a carriage at the highest point on the track during the ride. Draw in all the forces acting on you at this point.  Label the forces as “Force by A on You”.

3.
On the drawing of the first two cars below draw in the forces acting on the Serpent car as the ride starts off.  Label the forces as “Force by A on B”.
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4.
Using another coloured pen draw in the net force acting on a passenger in the carriage at this point.
Estimations
Your mass ______ kg.    The mass of the empty carriage _______ kg

Height of rail at the lowest point  _____ m.  Maximum height of the rail _______ m

Number of curves ____.    The radius of each curve _____ m.
Distance traveled by the Serpent in one second  _____ m.
The total circumference of each curve added to give the total distance around the track ____________________________________________________ m.
Measure the time for one rotation of the serpent = ______ seconds.
Stopping distance = ______ m.  Stopping time = ______ s.
Calculations (include units)
1. 
Using your estimation for the total distance around the track calculate your average velocity as you complete one circuit.

______________________________________________________________
2. 
Using the average velocity and the radius for each curve, calculate the centripetal acceleration on you. 

______________________________________________________________
3. 
Using the formula for gravitational potential energy, work out your change in potential energy as the serpent ride lifts you from the lowest point to the highest point. 
______________________________________________________________
What is your total energy at this point in the ride?
______________________________________________________________
4. 
Count the maximum possible number of passengers and the number of carriages .  Calculate the maximum total mass of passengers when the ride is full.  Use this with the average velocity to calculate the maximum momentum of the Serpent ride. 
______________________________________________________________
______________________________________________________________
5. 
When the ride stops what happens to this momentum?

______________________________________________________________
6. 
Calculate the braking force required to stop the whole ride. 

______________________________________________________________
______________________________________________________________
7. 
Work out the total kinetic energy of the serpent ride before it stops. 
______________________________________________________________
8. 
What happens to this energy when the Serpent stops? 

______________________________________________________________
Unit 3 Detailed Study: Materials and their use in structures 

1. 
Draw one of the arms of the vertical support structure for the rail. 
2. 
Indicate which parts of the structure are in tension and which are in compression. 
3. 
Which part of the structure (if any) could be replaced by cables?
______________________________________________________________
4. 
Using your mass and the number of passengers in one carriage and looking just at a single stationary carriage, use estimations of the fully loaded carriage mass to work out the net downward force acting on the track. 
______________________________________________________________
______________________________________________________________
5. 
If this one carriage is over one structural leg- calculate the stress on this leg using an estimation of the inner and outer radius of the leg. 
______________________________________________________________
______________________________________________________________
6. 
What material is the leg made from and why? 
______________________________________________________________
______________________________________________________________
Unit 4: Electric Power.  Drive
1.
What powers the serpent? AC or DC? ….. Give evidence for your conclusion. 
______________________________________________________________
______________________________________________________________
2. 
Is the ride powered by one motor at the front or more?
______________________________________________________________
3. 
Determine the starting force provided by the Serpent assuming the ride is to start with an acceleration of 1.0 m/s2 and using your total carriage mass estimation.
______________________________________________________________
______________________________________________________________
4. 
If the motor is low voltage (100V), what current would be drawn by the 10kW motor as it moves the carriages?
______________________________________________________________
______________________________________________________________
5. 
Over the first 4 seconds what is the amount of energy drawn from the motor?
______________________________________________________________
6. 
Use the amount of energy drawn from the motor over one second and the estimation of the total mass of the Serpent ride with carriages and passengers plus the distance traveled in that second.  Calculate the theoretical acceleration of the Serpent. 
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
7. 
What are the safety issues which need to be considered when operating this kind of ride?
______________________________________________________________
______________________________________________________________
8. 
What keeps the Serpent from toppling off the track?
______________________________________________________________
9. 
What drives the Serpent – wheels, rollers, pulleys, cogs, chains or ropes?
______________________________________________________________
10. 
Where are the brakes on the Serpent?
______________________________________________________________
Background


This is a ride which is designed to create a mild thrill.  This is caused not by the speed at which the rider moves but the acceleration which the rider experiences.  In the human body there are accelerometers inside the skull in the region of the ears (semicircular canals).  These tubes detect an increase or decrease in speed or a change in direction.  The thrill in the ride comes from the rapid change in direction.  This is experienced either with the eyes open or shut and does not rely upon visual information from the retina.  The acceleration is related to the velocity squared and inversely to the radius.  So – go faster or turn sharper.  The force the body experiences is dependent on the acceleration.





The ride involves a series of energy transformations. Electrical energy is transformed by the motor into kinetic and gravitational potential energy. 
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