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	William Mak College
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Stimulus Response (SR)
Context 1 – Moving on Wheels


Teachers: 






The students are given the materials in Appendices 1 and 2 of this document. They are advised to make research and study the topics relevant to the materials. A test (supervised assessment) of one and half hours should be given after 3 to 4 days. 
This document contains:

(1) Stimulus material, Appendices 1, 2

(2) Test questions

(3) Model solutions

(4) Criterion standard

Appendix 1 
Source: Abbott, A.F. (1969). Ordinary Level Physics. (pp. 40 – 42) London: Heinemann Educational Books.

A child playing with a pencil soon learns that it is scarcely possible to make it balance on its balance on its point. On the other hand it is comparatively easy to make the pencil stand upright on a flat end.

In order to understand the difference between these two cases let us consider a wooden cone placed on a horizontal table. A cone cannot be made to stand on its tip. Theoretically, this feat might be possible if the cone could be placed with its centre of gravity exactly in a vertical line through the tip. The cone would then be in equilibrium under the action of the force of gravity on it acting downwards and an equal and opposite reaction to its weight exerted on it by the table. But even if this condition could be achieved momentarily, the slightest vibration or draught would inevitably cause the cone to tilt. (The force of gravity, w, would then exert a turning force about the tip, and this would cause the cone to topple over (Fig. 45 (a)). A cone placed on its tip is said to be in unstable equilibrium.
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Fig. 45. Equilibrium of a cone





Fig 45 (b) shows the cone standing on its base. If tilted from this position, even through a fairly large angle, the vertical line through the centre of gravity, G, will still fall inside the base AB. Consequently, the force of gravity on the cone will have a moment w x 
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units about an edge of the base which will pull the cone back into its original position. Under these conditions, it is not easy to knock the cone over, and it is said to be in stable equilibrium.

In Fig. 45 (c) the cone is lying on its side. The base is now simply a straight line, and if the cone is rolled into a new position the vertical line through the centre of gravity still continues to pass through exactly the same point base.

Whatever the position of the cone, the reaction from the table will act in the same straight line as the force of gravity through G., and so the cone will be in equilibrium. The force of gravity exerts no moment about the base as axis and, if displaced, the cone will therefore remain at rest in this new position. This condition is described as neutral equilibrium.

Summary. It should be clear from the above explanation that the stability of a body depends on the direction of the turning moment exerted by the force of gravity on the body about the edge of the base, when the body is given a small displacement.


If a small displacement brings the vertical through the centre of gravity outside the base the body will be unstable. If, however, the vertical remains within the base the body will be stable.


When a displacement causes no change in the position of the vertical through the centre of gravity with respect to the base the body is in neutral equilibrium.


Fig. 46 illustrates the method of testing the stability of a bus.

Question 1

Define the centre of gravity.


 [image: image4.jpg]Fig. 46. A "Londoner” bus undergoing the tilt testat London Transport’s
Aldenham bus works. The tilting platform is hydraulically operated and
the angle of tilt is measured by the indicators attached to the bus body
and the side frame of the platform. The first indicator shows the angle
of tilt of the body and the second that of the chassis, the difference being
attributable to the vehicle springing. A double-decked vehicle must be
stable with the chassis tilted to 28° while the vehicle is loaded with
weights to represent a full complement of passengers on the top deck
only, plus the driver and conductor, at 64:5 kg per person. The two
padded buffers on the side frame are to support the bus should it fall
sideways during the test, but in actual fact the vehicle can be tilted well
beyond the legally required angle before this happens




Question 2
Would it be more stable for passengers to be on upper level or on lower level? Justify your answer.
Question 3
In a hundred words write a summary on this article.
Appendix 2 
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· angle of super elevation = θ
· mass of car = m

· radius of the curve (bend) = r

· width of the car = w

· C.G. = centre of gravity

· height of C.G. = h

For a car not overturning when turning a bend (curve), the turning moments have to be in equilibrium. Therefore, we can investigate by taking moments about the point x, i.e. the outer edge of the wheel as in the figure above.



[Centrifugal force] x [its moment arm] = mg x [its moment arm]
For small angle of θ:

[
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] x [h cos θ] = mg [(0.5 w) cos θ + h sin θ)]   … (equation 1)
Note that equation 1 is just an approximation for small angle of elevation, θ. 

Question 4

Visit the following websites and comment. 

Kanellaidis, G. (1999). Road curve superelevation design: Current practices.  http://findarticles.com/p/articles/mi_qa3927/is_199906/ai_n8863099

U.S. Department of Transportation-Federal Highway Administration. Superelevation. http://safety.fhwa.dot.gov/geometric/mitigationstrategies/chapter3/3_superelevation.htm
Supervised Assessment (SA) – Stimulus – response
1***
A motorcycle is about to turn a curved bend of a road. The radius of the curve of the road is 40 m. The road has no super elevation. The speed of the bike is 120 km/hr. The maximum angle that the motorcycle can lean away from the vertical is 50°. 

To maintain balance, motorcycles can hardly brake during turning. So, your task is to investigate through quantitative analysis (i.e. calculations) and report whether the bike can turn safely.










(KCU: 1, 3; EC: 1, 3)

2*** 
A rally racing car is tested in a racing track. It is about to turn a bend (curve) of a radius of 50 m. The coefficient of friction, μ, of the tyre and the road is 0.7. The height of C.G. is 0.8 meter and the width of the car is 1.8 m.
[image: image7.jpg]




The test driver is pushing the car to the limit by turning this car on this bend faster and faster, again and again.
Your task is to investigate whether the car will eventually (i) slide to the side, or (ii) tilt to the side and turns over as depicted in the following diagrams.
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(KCU: 1, 3; EC: 1, 3)

3 *** Many roads are designed to have super elevation. Explain the advantages and limitations (drawbacks) of super elevation in road designs. If you are the designer of a road, what maximum angle of super elevation you would recommend? Provide reasons to justify your recommendation. (Around 120 words)









(KCU: 1, 3; EC: 1, 3)
Model Solution:
1*** A motorcycle is about to turn a curved bend of a road. The radius of the curve of the road is 40 m. The road has no super elevation. The speed of the bike is 120 km/hr. The maximum angle that the motorcycle can lean away from the vertical is 50°. 

To maintain balance, motorcycles can hardly brake during turning. So, your task is to investigate through quantitative analysis (i.e. calculations) and report whether the bike can turn safely.

.

 

Model Solution:



Velocity of the motorcycle = 60km / hr = 60 x 1000 ÷ 3600 = 16.67 m/s

Centrifugal acceleration = 
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= 6.94 m/s/s

Let the length of the C.G. (centre of gravity) to the ground be h.

Moment induced by the centrifugal acceleration = 
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Moment induced by the gravity = m g h sin θ

To maintain balance 
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moment = 0

hence, m g h sin θ = 
[image: image15.wmf]h

m

a

c

cosθ

9.81 sin θ = 6.94 cos θ

tan θ = 6.94 ÷ 9.81

θ = 35.28°


Since that the motorcycle can lean an angle of 50°, therefore it is safe for the rider to turn the bend.










(KCU: 1, 3; EC: 1, 3)
*** Marking Guide ***
For a response to get grade A, clear knowledge and concepts have to be exhibited. The algorithms of approach are systematical. Centrifugal force and moment balancing concepts are clear and correct. Small minor calculation errors are allowed.

If there are conceptual errors in moment balancing, centrifugal acceleration or trigonometric ratios, then the grade should be assigned as 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.

2*** 
A rally racing car is tested in a racing track. It is about to turn a bend (curve) of a radius of 50 m. The coefficient of friction, μ, of the tyre and the road is 0.7. The height of C.G. is 0.8 meter and the width of the car is 1.8 m. 
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Model Solution:

Case 1, the car tilt and turn over
Adopting the equation 1 in the stimulus material that the students have seen:

[
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] x [h cos θ] = mg [(0.5 w) cos θ + h sin θ)]   … (equation 1)

If there is no super elevation, θ = 0

Therefore, [
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] x h = mg (0.5 w)   … (equation 2)

This equation 2 can be formed by first principle as well.
Rearranging equation 2:
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This 
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 is the maximum permissible speed that the car can maintain rotational balance.

Case 2, the car slide:

The car maintain balance if the centrifugal force = the side friction

[
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] = m g μ



(equation 3)
Rearranging equation 3:
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= 18.53 m/s
This 
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is the maximum permissible speed that the car will not slide.
Conclusion:
Since 
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, the car will slide, once the speed is above 18.53 m/s.
(KCU: 1, 3; EC: 1, 3)
*** Marking Guide ***
For a response to get grade A, the concepts and approaches for both “tilt” and “slide” have to be right. The progress eventually leads to elevation, and the conclusion is right according to the figures that have been calculated. The algorithms of approach are systematical.  Minor calculation errors are acceptable.

If there are conceptual errors in moment balancing, centrifugal acceleration or trigonometric ratios, then the grade should be assigned as 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.

3 *** Many roads are designed to have super elevation. Explain the advantages and limitations (drawbacks) of super elevation in road designs. If you are the designer of a road, what maximum angle of super elevation you would recommend? Tell reasons that support your recommendation. (Around 120 words)

Model Solution:

For most of the time, vehicles are moving at a considerable speed on roads. Therefore, advantages can be taken if there are slight super elevations. 
Super elevations can increase the safety speed to move on a bend. Sliding and overturning will be more unlikely if super elevation is introduced to a bend.
However, there are potential dangers if the super elevation rate (raise per width of the road) is being too high. This is because that traffic can sometimes be bought to stand still under traffic congestion, accident and weather conditions. Under such situation, the centrifugal acceleration will become zero. Hence, high centre of gravity vehicles, like buses and trucks, may be in unstable equilibrium, lose balance, and fall to the inner side of the bend.

Therefore, if I were a designer of roads I will restrict the angle of super elevation to smaller than 5 degrees.
(KCU: 1, 3; EC: 1, 3)
*** Marking Guide ***
For a response to get grade A, clear concepts and knowledge to explain the reasons of advantages and potential drawbacks of super elevation have to be illustrated with a magnitude of recommended super elevation between 2 to 10 degrees.
If the response shows concepts and knowledge to explain the reasons of advantages and potential drawbacks but giving an unreasonable value of recommended super elevation, then the grade should be assigned as B.

A response showing unclear or partial concepts and knowledge to explain the reasons of advantages and potential drawbacks of super elevation should be assigned a C.
Grade D is assigned if the response is partial and does not illustrate the procession of concepts and knowledge of the context.
Grade E should be assigned if the response is irrelevant or there is no response.
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 showing a car maintaining equilibrium when turning a bend
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