UNIT 4 – OUTCOME 1 (A)

DATA ANALYSIS

On completion of this unit the student should be able to explain and apply Newtonian ideas about motion.

Assessment Criteria

Criterion 1 (7 marks)

Knowledge and application of appropriate physics terms, concepts and relationships.

· Application of key knowledge and skills about the area of study, throughout the task, with clear definitions and explanations.

· Appropriate use of accepted physics symbols, SI units and accepted terminology.

· Clear labeling of diagrams and graphs.

Criterion 2 (7 marks)

Analysis, interpretation and synthesis of information.

· Analysis, interpretation and synthesis of information about the context, from a variety of sources.

· Explanation and use of significant aspects of the key knowledge and skills relevant to the area of study.

· Detailed and accurate discussion demonstrating a sophisticated level of understanding of the relationships between key knowledge and skills.

Criterion 3 (6 marks)

Calculation of physical quantities and correct use of significant figures in measurements and calculations.

· Appropriate level of accuracy and manipulation of data, resulting in the calculation of physical values and explanation of physical relationships.

· Accurate measurements and calculations with a correct treatment of significant figures.

· Correct calculation and use of physical quantities, significant to the context at a level of mathematics outlined in the study design.

Name:


Roll No:


Line:
1
3
5
10

 Question 1

Yasmine and Gheri were asked to consider the following three events:

Event X:  A ball is thrown directly up in the air from the ground.

Event Y:  The ball reaches its maximum height above the ground.

Event Z:  The ball returns to ground level.

Gheri decided to calculate the velocity of the ball as a function of time and using the equation          v = u + at   produced the following data:

Time (s) [t]
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

Velocity (ms-1) [v]
32.0
23.0
14.0
5.0
-4.0
-13.0
-22.0
-31.0

A.
Plot these data on the graph paper provided.  (6 marks)

B.
From the graph find

a. How much time passes between event A and event B (i.e. how long does it take the ball to reach its highest point?) Justify your answer. (2 marks)

b. What was the value of the acceleration due to gravity, that Gheri used in his calculations. Show your working.  (2 marks)

Yasmine used the equation s = ut + ½ at2 to calculate the displacements corresponding to some of Gheri’s velocities.  These are given below:

Time (s) [t]
0.0
1.0
2.0
3.0

Gheri’s Velocities (ms-1) [v]
32.0
23.0
14.0
5.0

Displacements (m) [s]
0.0
27.1
44.4
51.9

On plotting the graph of velocity versus displacement, Yasmine finds that she does not get a straight line; instead, she gets a curve.  DO NOT PLOT THE GRAPH ON PAPER.

C.
Describe how the data must be manipulated to obtain a straight line.  (4 marks)






D.
Carry out the manipulation of the data and insert the values that should be plotted in the spaces in the table below.   DO NOT PLOT THE GRAPH ON PAPER.  (2 marks)


Show an example of the workings.

Velocities (ms-1)
32.0
23.0
14.0
5.0

Displacements (m)
0.0
27.1
44.4
51.9







 Question 2

As an engineer you are asked to design a “free wheeling” roller coaster.  The roller coaster uses very low friction wheels, so friction can be ignored in your calculations.

The basic design is as shown below.  



Criteria:

· The design feature of the “inside loop” is that the speed at the top of the loop must be greater than a certain minimum so that the people will not tend to fall out of the seats while upside down.

· To be on the safe side, you make sure that the roller coaster passes position D at 9.0 ms-1.

· No engines are used throughout the ride.  All the energy must be supplied from within the system.

· Seat belts or restraints are normally provided to keep riders in their seats.

A. If the effective radius of curvature of the inside loop is 4.20 m, what is the minimum necessary speed at D? (2 marks)

B. What must be the minimum speed of the cars on entering the loop (at position C) so that it will not be slower than 9.0 ms-1 at D?  (2 marks)

C. Calculate the height (H) for the ride.  (4 marks)

D. The roller coaster passes through point D at 9.0 ms-1.  At which position (A-E) will riders need the seat belts?  Explain why.  (3 marks)






Question 3

A group of students used the following piece of apparatus to find the relationship between centripetal force and velocity.
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The rubber stopper is whirled around in a horizontal plane while the glass tube is held vertically.  For this particular investigation the same rubber stopper is used throughout and the position of the paper clip marking the radius is not altered.

To determine the period of revolution the students decided to time 10 revolutions.  They thought there were some advantages in doing this.

A weight force of 0.50 N was used initially.

They set up their data tables as follows and their mean results for six different weights are shown.

Mass of the rubber stopper = 52.3 g

Radius of revolution = 0.70 m

Force (N)

+/- 5% error
Time for 10 revolutions (s)

+/- 10 % error
Period (s)
Velocity (ms-1)
Velocity2 (m2s-2)

0.50
17.0




1.50
9.8




2.50
7.6




3.50
6.5




4.50
5.9




5.50
5.3




A. Analyse the data (including errors) to determine the relationship between force and velocity.

(Hint:  Plot a graph to obtain a straight line.)  

(Table 3 marks, graph 4 marks, analysis 1 mark, errors 2 marks)


Relationship: 

B. Find the slope of your graph.  

What does this slope represent?    (2 +1 = 3 marks) 

UNIT 4 – OUTCOME 1 (B)

DATA ANALYSIS

On completion of this unit the student should be able to explain and apply Newtonian ideas about motion.

Assessment Criteria

Criterion 1 (7 marks)

Knowledge and application of appropriate physics terms, concepts and relationships.

· Application of key knowledge and skills about the area of study, throughout the task, with clear definitions and explanations.

· Appropriate use of accepted physics symbols, SI units and accepted terminology.

· Clear labeling of diagrams and graphs.

Criterion 2 (7 marks)

Analysis, interpretation and synthesis of information.

· Analysis, interpretation and synthesis of information about the context, from a variety of sources.

· Explanation and use of significant aspects of the key knowledge and skills relevant to the area of study.

· Detailed and accurate discussion demonstrating a sophisticated level of understanding of the relationships between key knowledge and skills.

Criterion 3 (6 marks)

Calculation of physical quantities and correct use of significant figures in measurements and calculations.

· Appropriate level of accuracy and manipulation of data, resulting in the calculation of physical values and explanation of physical relationships.

· Accurate measurements and calculations with a correct treatment of significant figures.

· Correct calculation and use of physical quantities, significant to the context at a level of mathematics outlined in the study design.

Name:


Roll No:


Line:
1
3
5
10

 Question 1

Yasmine and Gheri were asked to consider the following three events:

Event X:  A ball is thrown directly up in the air from the ground.

Event Y:  The ball reaches its maximum height above the ground.

Event Z:  The ball returns to ground level.

Gheri decided to calculate the velocity of the ball as a function of time and using the equation          v = u + at   produced the following data:

Time (s) [t]
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

Velocity (ms-1) [v]
40.0
29.0
18.0
7.0
-4.0
-15.0
-26.0
-37.0

A.
Plot these data on the graph paper provided.  (6 marks)

B.
From the graph find

a. How much time passes between event A and event B (i.e. how long does it take the ball to reach its highest point?) Justify your answer. (2 marks)

b. What was the value of the acceleration due to gravity, that Gheri used in his calculations. Show your working.  (2 marks)

Yasmine used the equation s = ut + ½ at2 to calculate the displacements corresponding to some of Gheri’s velocities.  These are given below:

Time (s) [t]
0.0
1.0
2.0
3.0

Gheri’s Velocities (ms-1) [v]
40.0
29.0
18.0
7.0

Displacements (m) [s]
0.0
35.1
60.4
75.9

On plotting the graph of velocity versus displacement, Yasmine finds that she does not get a straight line; instead, she gets a curve.  DO NOT PLOT THE GRAPH ON PAPER.

C.
Describe how the data must be manipulated to obtain a straight line.  (4 marks)






D.
Carry out the manipulation of the data and insert the values that should be plotted in the spaces in the table below.   DO NOT PLOT THE GRAPH ON PAPER.  (2 marks)


Show an example of the workings.

Velocities (ms-1)
40.0
29.0
18.0
7.0

Displacements (m)
0.0
35.1
60.4
75.9







 Question 2

As an engineer you are asked to design a “free wheeling” roller coaster.  The roller coaster uses very low friction wheels, so friction can be ignored in your calculations.

The basic design is as shown below.  



Criteria:

· The design feature of the “inside loop” is that the speed at the top of the loop must be greater than a certain minimum so that the people will not tend to fall out of the seats while upside down.

· To be on the safe side, you make sure that the roller coaster passes position D at 10.0 ms-1.

· No engines are used throughout the ride.  All the energy must be supplied from within the system.

· Seat belts or restraints are normally provided to keep riders in their seats.

A. If the effective radius of curvature of the inside loop is 5.10 m, what is the minimum necessary speed at D? (2 marks)

B. What must be the minimum speed of the cars on entering the loop (at position C) so that it will not be slower than 10.0 ms-1 at D?  (2 marks)

C. Calculate the height (H) for the ride.  (4 marks)

D. The roller coaster passes through point D at 10.0 ms-1.  At which position (A-E) will riders need the seat belts?  Explain why.  (3 marks)






Question 3

A group of students used the following piece of apparatus to find the relationship between centripetal force and velocity.
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The rubber stopper is whirled around in a horizontal plane while the glass tube is held vertically.  For this particular investigation the same rubber stopper is used throughout and the position of the paper clip marking the radius is not altered.

To determine the period of revolution the students decided to time 10 revolutions.  They thought there were some advantages in doing this.

A weight force of 0.50 N was used initially.

They set up their data tables as follows and their mean results for six different weights are shown.

Mass of the rubber stopper = 64.2 g

Radius of revolution = 0.80 m

Force (N)

+/- 5% error
Time for 10 revolutions (s)

+/- 10 % error
Period (s)
Velocity (ms-1)
Velocity2 (m2s-2)

0.50
17.0




1.50
9.8




2.50
7.6




3.50
6.5




4.50
5.9




5.50
5.3




A. Analyse the data (including errors) to determine the relationship between force and velocity.

(Hint:  Plot a graph to obtain a straight line.)  

(Table 3 marks, graph 4 marks, analysis 1 mark, errors 2 marks)


Relationship: 

B. Find the slope of your graph.  

What does this slope represent?    (2 +1 = 3 marks) 
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