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1***
Inspired by the “Scrapheap Challenge” TV series, some youngsters built a motocross bike from scraps. 

They need to jump a horizontal distance of 35 m off a 10 m high cliff. The distance that is allowed for speeding up is restricted to 100 m. They weighed the bike and the rider, and the total mass is 180 kg.
On a windless day they can jump a distance of 40 m off the cliff (Figure 1). However, it is anticipated that on the day of challenge there will be a wind force of a magnitude equivalent to 100 N against the motion for all the time (Figure 2).

Your task:

Your task is to help the youngsters to find out whether the bike is capable to fulfill the task of jumping a horizontal distance of 35 m on the challenge day. Your conclusion will require quantitative analysis (i.e. calculation) with qualitative support (i.e. written explanation).
(Note: neglect the moment of inertia of the wheels)
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(KCU: 1, 3; EC: 1, 3)

Model Solution:

(1)
For no wind situation:
When the bike leaves the cliff the time to fall is calculated as below.


s = u t + 0.5 
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10 = 0 + 0.5 x 
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t = 1.43 seconds
The time of fall is the same as the time taken to travel that 40 m off the cliff. This time, t, is used to calculate the velocity of the bike right before leaving the cliff.
Velocity = displacement ÷ time
Velocity reaching the cliff = 40 ÷ 1.43 = 27.97 m/s

Now we can find the acceleration of the bike in speeding up:
2 a s = 
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2 a (100) = 
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a = 3.91 m/s/s
Using the acceleration of the bike we can find the force produced by the bike:
By Newton’s 2nd Law, F = m a
The force the bike can produce = 180 x 3.91 = 704 N
(2) For having wind situation:
The net force accelerating the bike = force produced by the bike – wind force
= 704 – 100 = 604 N
Using F = m a, the acceleration of the bike = 604 ÷ 180 = 3.36 m/s/s
The velocity of the bike after speeding up for a distance 100 m:

2 a s = 
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2 (3.36) (100) = 
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v = 25.90 m/s
By F = m a, the horizontal deceleration caused by the wind after leaving the cliff:

 = F ÷ m 

= 100 ÷ 180

= 0.56 m/s/s

Since we know the vertical drop down time (as before), we can calculate the distance the bike can fly horizontally.
s = u t + 0.5 
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s = 25.90(1.43) + 0.5 x (- 0.56) x
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s = 36.46 m
From the calculation we can conclude that the bike can fulfill the task of jumping 35 m on the challenge day since 36.46 m is greater than 35 m.
*** Marking Guide ***
For a response to get grade A, the concepts and approach for both the windless and windy situations have to be right with minor calculation errors.
If there are conceptual errors, like the wind friction during acceleration or during falling, then the grade should be assigned at B.

Further conceptual and calculating errors will downgrade the response to C.

Grade D is assigned if the response is partial and includes just related formulas and terms with conceptual errors preventing progression. 
Grade E should be assigned if the response indicates insufficient evidence to show understanding of the requirements.

Criteria for grading responses:

	Criterion
	A
	B
	C
	D
	E

	*** KCU

Question requiring selection, linking and application of appropriate algorithms, and/or reproduction, interpretation, comparison and explanation of relevant concepts, principles, theories and schema to find a solution in complex (multistep) and challenging (unfamiliar, abstract or multiple concepts) situations.
	COMPLETE SOLUTION

A clearly reasoned/ justified and logical response to produce a correct solution however, minor mechanical errors or a minor conceptual error that does not detract from the solution may be present.


	PARTIAL SOLUTION
A reasoned/ justified and logical response to progress towards a solution; however, significant mechanical errors and/or a conceptual error have impeded progress toward a complete solution
	SIGNIFICANT RESPONSE

A response has been initiated that aims at a solution by selection and use of related formulae, and/or making use of concepts some of which may be appropriate but evidence of understanding and/or an ability to link related concepts/ideas is not apparent and significant conceptual errors have impaired progress.
	PARTIAL RESPONSE 

A response to the question that includes statements of related formulae and terms but major conceptual errors have prevented any progression.
	INITIATED RESPONSE

A response to the task has been initiated however, there is insufficient evidence to indicate an understanding of the requirements.

	***EC

Question involving analysis and evaluation of complex (multistep) and challenging (multiple concepts, unfamiliar and/or abstract phenomena and situations) scientific interrelationships to generate conclusions and recommendations.
	COMPLETE SOLUTION

A clear and logical response with discriminating analysis and evaluation of information to produce a valid and justified conclusion or recommendation; however, minor mechanical errors or a minor conceptual error that does not detract from the solution may be present.


	PARTIAL SOLUTION
A logical response with analysis and discussion of relevant information; however the evaluation and justification required for a complete solution has been impeded by the inclusion of irrelevant information or a significant mechanical or a major conceptual error.


	SIGNIFICANT RESPONSE

A response has been initiated which describes relationships and includes selection and use of scientific data to state a conclusion, which may or may not be appropriate. Significant conceptual errors have impaired progress.
	PARTIAL RESPONSE 

identification of a simple relationship which has been used in a relevant way. presentation of scientific data or ideas in symbolic and prose formats 


	INITIATED RESPONSE

The presentation of scientific data, a relationship or ideas from the stimulus.


Source: Richard Walding 29 June 2008, DRAFT CRITERION STANDARDS FOR A SUPERVISED ASSESSMENT (WRITTEN TASK)
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Figure 2:	With Wind





Figure 1:	No Wind
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