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The Motion
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What you see above are graphs of the velocity (smooth one) and the acceleration of BLOODHOUND SSC against distance along the track.  Note that the axis for the acceleration is marked at the right hand side.  Compare this with the graphs in the record run page of the site.  Note the differences in units, the one above has been specially drawn for you by Ron Ayers using units with which you are familiar.

Draw a line across the graph where the acceleration is zero.  This is the time axis for the acceleration curve.

1
Identify where on the graph 

(a)
the rocket starts

(b)
the rocket and jet engine are switched off.

(c)
the parachutes are deployed (two).

(d)
the brakes are used.

2.
Where is the acceleration zero? What is the gradient of the velocity curve at this point?

3.
Find two points on the velocity curve, one where the gradient is positive and one where the gradient is negative. Measure the gradients by drawing a tangent and check that this gives the correct value for the acceleration at those points.

4.
By calculating the area under the velocity time graph, estimate the total length of the track.  Check this using the graphs at the end.

5.
Difficult question: if you look carefully at the velocity curve you will see very slight changes at the points where the acceleration changes suddenly. Why are the changes in the acceleration so abrupt?

A word about acceleration.

Acceleration is the change in velocity (increase or decrease) divided by the time taken for the change. It is a vector quantity.  Unlike speed which is the scalar part of velocity there is no word for the scalar part of acceleration. People use the word acceleration loosely to mean just 'speeding up' which is why we have invented the word deceleration to mean 'slowing down'.  When a vehicle is slowing down the acceleration (incorrectly called the deceleration) is in the opposite direction to the velocity.

1
Look at the velocity curve and identify the part where the velocity is increasing and the part where the velocity is decreasing.

2
Now identify the parts of the acceleration graph in which the acceleration is in the same direction as the velocity (speeding up) and where the acceleration is in the opposite direction to the velocity (slowing down).  

'g force'
Use the link above and read what the engineers mean by 'g force'.  Be careful as 'G' has a different meaning to 'g' in physics.  The correct letter to use is g.  Match the acceleration axis here to the one given in the record run.

1.
What is your acceleration when falling freely through the air?

2.
Are you weightless when falling freely through the air?

3.
What would happen to your weight when accelerating upwards in an elevator at 2g?

4.
What would happen to your mass when accelerating upwards in an elevator at 3g?

5.
You are in an elevator when the cables snap. The elevator falls freely.

Describe what happens in the first few seconds before hitting the ground.

6.
Are you weightless in a freely falling elevator?

It is easy to explore what happens in an elevator by using bathroom scales. Stand on the scales in the elevator and 

(a) observe what happens to your weight when the elevator accelerates upwards and when it slows down on the way up (or accelerates downwards).   

(b) observe what happens when the elevator accelerates downwards or slows down on the way down (or accelerates upwards).

Read the next section on physiological effects before exploring the physical basis behind the acceleration sensors you have in your body.

Model otolithic gravity sensor

Attach a weight (1 kg) to the end of metre ruler and hold the other end. The ruler bends. Now climb onto a chair and jump off while holding the ruler. The ruler snaps straight instantly you are in free fall.

Explain why the ruler snaps straight instantly you are in free fall.

Explain why astronauts experience inevitable space sickness (vomiting) when in zero g.

If you have experienced extreme accelerations in theme parks describe the effects on your body and how you attempt to cope with these extreme sensations.

Physiological Effects of the Motion
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The two diagrams above come from the physiological effects page of the web-site. You should now be able to explain what happens to the blood in Andy Greens body during the speeding up and slowing down parts of the run.  Fighter pilots often experience blackout during high g manoeuvres, why is this?

Why do astronauts take up a prone (lying on their backs) position at launch?
[image: image5.jpg]() Northwestern University, 2001



Acceleration sensors

As well as the five traditional senses (what are they?) we have a sense of balance (semicircular canals) and a seventh sense, that of acceleration.  The sensors are the Utricle (horizontal acceleration) and the Saccule (vertical acceleration, gravity). These sensors or otliths (oto, ear and lithos stone) are small calcium carbonate crystals on the ends of hairs which bend when the body is accelerated. 

We are not normally subjected to high accelerations and Andy Green will be subjected to an illusion of tilting upwards during speeding up and pitching downwards when slowing down. Fighter pilots are trained to cope with such problems and spend time in spatial disorientation simulators.

Make a list of the physical challenges which Andy Green will have to overcome during the 90 seconds of the run.

The next graphs show the velocity and acceleration against distance along the track.  
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This graph is very important to the BLOODHOUND SSC team as the car must be in just the right position at start to reach maximum average speed over the measured mile.  Annie Berrisford - Design Engineer will be looking at this and attempting to get the measured mile into the middle of the run to avoid these difficulties. But take a look at the graph carefully and see where you think the car should be positioned.

1
Work out how many divisions on the distance axis is equal to one mile if one km is 5/8 mile.  You will have to work out how many km is equal to one mile and then mark this out on the distance axis.

2.
Mark out this number of divisions on the edge of a piece of paper or ruler and by moving it up to the top of the velocity curve identify the start and end of the measured mile if the average speed is to be as large as possible.

3.
Since you now know the speed at the start and end of the measured mile, go back to the first set of graphs and identify the time at the beginning and end of the measured mile. Is the time half-way?

4. 
After turning around at the end of the first run the car will have to be positioned to reach maximum average speed over the same measured mile which you have identified in question 2.  Assume there is no wind, identify the correct point to start the return run.
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