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Preface 
Coach 6 is a versatile Learning and Authoring Environment for Science, Mathematics and Technology which integrates tools needed for: 

· collecting data  

· controlling systems 
· capturing videos 
· measuring on images and video clips 
· modeling dynamic systems 
· processing and analyzing data 
· creating student reports.
Coach 6 is delivered with a wide range of exemplary Activities (placed in C:\Program Files\CMA\Coach6\Full\CMA Coach Projects) which are described in this book. They serve as practical ideas of using Coach 6 and illustrate features of the program. The Coach Activities can be used unchanged or Author users (teachers and educational material developers) can modify them to fit their educational needs. All modifications have to be done in the Author mode of Coach 6. 

The detailed description of all tools and options of Coach 6 can be found in the manual Guide to Coach 6 delivered with Coach 6. More examples of Coach Activities can be downloaded from the CMA site at http://www.cma.science.uva.nl.
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1. Introduction
The Measurement Activities are used to collect data from sensors e.g. for temperature, light intensity, sound level, pH, etc. and to display, analyze and process the measured data. 


A sensor, connected to interface, measures a physical quantity and transforms it into an output voltage, which is read by an interface. The interface, connected to computer, converts an analog voltage signal into a digital signal that is transferred and interpreted by the computer.


The experiments in Coach are easy to set-up by dragging-and-dropping sensor icons into inputs of the interface panel on the computer screen. When a ‘real’ interface with sensors is connected to the computer, the sensor icons on the screen panel show the actual values measured by the sensors. Many predefined calibrated sensors are available in Coach Sensor Library. In addition user can define and calibrate own sensors by using advanced calibration program. 


Coach collects measurement data according to the measurement method and measurement settings after pressing the green Start buttonMeasurement_settings_Introduction. In most of Activities the time-based measurement method is used, measurements are stored at regular time intervals according to the sampling frequency. In the event-based measurement method measurements are taken each time a pulse (event) is received on an interface counter input. In the manually triggered measurement the single measurement is taken every time you press a button. This method allows type-in data from keyboard. 


During the measurement data can be presented in graphs, tables, meters or displayed as digital values. 


Coach has special features for preparing remote experiments with dataloggers like CMA ULAB (so called off-line measurements).  The measurement settings are prepared in the Coach and sent to the datalogger. When the measurement is finished Coach is used to retrieve the data for display and analysis.


Before starting a measurement a prediction based on a hypothesis what will happen in the experiment can be done. The Sketch option can be used to predict a graph of a measurement or a model. After the run, the shape of the predicted graph can be compared with the measured graph.

The Coach’s unique combination of measuring and control facilities (Measurement Activities with a program) allows to automate measurements. An example of such controlled experiment is automated titration with the CMA step motor burette (Acid-base titration Activity). The step motor burette, which is used to add titrant, is connected to an input of the CoachLab II/II+ interface. A control programs takes care of the burette control. 


Exemplary Measurement Activities are available in the Coach 6 Measurement project. These activities (in the Student user mode) are available also via CMA Coach 6 > Measurement icon of the Windows’ Start menu. 

Activities for the CoachLab II/II+ interface are located in the Measurements with CMA CoachLab II project and Activities for the ULAB interface are located in the Measurements with CMA ULAB project.

Exemplary Activities for Mathematics are also Measurement Activities. Here data are manually typed in or copied from text. 
2. Introductory Tutorial Activities

In the Tutorial project you can learn how to use Coach 6 for simple measurements with CoachLab II/II+ or ULAB interfaces. Guided step-by-step you can perform your first temperature measurements.

Activity: Temperature measurement 
In this experiment you are going to investigate temperature variations of water in a beaker. During this measurement an interface collects temperature data and the measured data are displayed on the screen in a graph, a table and as a digital value. The measured value is also displayed on the sensor icon on the CoachLab II/II+ screen panel.

Objectives 

· Use the temperature sensor to measure temperature. 

· Learn how to perform simple on-line measurement in Coach.

Materials

· ULAB or CoachLab II/II+ interface
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CMA Temperature sensor 

· 250-mL beaker and 100-mL hot water

Measurement procedure

1. Connect your interface to the computer. 

2. Open Coach 6 Activity Tutorial > (On-line) Temperature measurement. 

3. Plug the CMA Temperature sensor (art. nr 0511) into input 1 on your interface. 

4. The icon of this sensor is already placed on the interface screen panel. If you use another temperature sensor then drag its icon from the sensor palette to input 1 of the screen panel. 

5. The measured temperature value is displayed in digital form in the Value pane and on the sensor icon. Determine the room temperature.  

6. Fill a beaker with hot water and place the temperature sensor in the water.

7. The predefined measurement settings are (check by clicking the Settings button):  measuring time = 3 minutes, sampling frequency = 50 per second. Click the green Start button to start a measurement. 

8. To see a graph and data table click the Show panel button. 

9. The measurement stops after the measuring time is reached or by clicking the red stop button.

10. Analyze the measured data. All processing and analysis tools of Coach are available from the Diagram and Table Tool menus (right click the diagram/table pane or click the Tool button).

Activity: Manually-triggered temperature measurement 

Perform this activity to learn how to do manually-triggered measurement. The text included in the Coach Activity will guide you step-by-step through the measurement.

Activity:  Off-line temperature measurement
In this experiment you are going to measure temperature outside the classroom. During this off-line measurement, ULAB is disconnected from the computer. The Experiment settings are uploaded to ULAB and the measured results are downloaded to Coach after the data collection is completed.

Materials

· ULAB datalogger
· Temperature sensor

· 250-mL beaker, 100-mL hot water, refrigerator 
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Measurement procedure

1. Connect ULAB to the computer. 

2. Turn ULAB on.

3. Open Coach 6 Activity Tutorial > Off-line temperature measurement. 
4. Plug the CMA Temperature sensor (art nr 0511) to input 1 on ULAB.

5. The temperature sensor will be recognized by ULAB and its icon will appear on the ULAB screen panel. If you use another temperature sensor then drag its icon from the sensor palette to the input 1 on the ULAB screen panel.

6. The measured temperature value is displayed in digital form in the Coach Value-pane and on the sensor icon. 

7. The predefined measurement settings are (check by clicking the Settings button) measuring time = 3 minutes, sampling frequency = 50 per second. 

8. Upload the experiment settings to ULAB by clicking the Send Settings button. 

9. When Coach displays that the experiment settings have been transferred successfully, you can disconnect ULAB from the computer. You can measure temperature of hot water in a beaker or measure temperature outside of the classroom for example inside a refrigerator (do not forget to cover ULAB in its case). 

10. Start the measurement by pressing the RUN button on ULAB. 

11. When data collection is complete re-connect ULAB to the computer. 

12. Start Coach and open the activity. Press the Get Data button. Select the measurement run from the list. Click the Retrieve button and wait a few moments while Coach retrieves the data. The measured data appear on the screen in the Diagram.

13. Analyze the measured data. All processing and analysis tools of Coach are available from the Diagram and Table Tool menus (right click the diagram/table or click the Tool button).

Activity: Manually-triggered off-line temperature measurement 

Perform this activity to learn how to perform manually-triggered measurement off-line with ULAB and Coach. The text included in the Coach Activity will guide you step-by-step through the measurement. 

3. Exploring Biology 

This project consists of examples of experiments for Biology. The Biology Lab Activity is an open lab type of Activity that offers a number of sensors for biology experiments.  
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Activity: Monitoring EKG

An electrocardiogram (ECG / EKG) is an electrical recording of the heart. 
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The muscle fibers of the heart produce electrical voltages that can be recorded by electrodes on the skin of the chest or the wrists. One heart cycle is represented by a group of waveforms beginning with the P wave, followed by the QRS wave complex, and ending with the T wave. The P wave is caused by a spread of depolarization through the atria, prior to contraction of the atria. 

The QRS consists of three wa​ves, which appear approximately 0.16 se​conds after the P wave as a result of depolarization of the ventricular mus​cles just before contraction of these muscles. 
The time between the P wave and the QRS waves is called the P-R interval. It represents the time between atrial and ventricular contraction. The last T wave is usually represented by a positive deflection and represents the depolarization of the ventricular muscles when they begin to relax.

In modern EKG monitoring equipment (like the CMA EKG set) the EKG signal is conducted to the computer via optical coupling. During the recording of the EKG, the subject is electrically isolated from the computer during the measurement. There is no risk of shock because it is impossible for mains electricity to be conducted to the body via the electrodes should a fault develop in the ancillary equipment. 

In this activity you are going to investigate the EKG patterns. 
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Objectives 

· Use the CMA EKG set to monitor electrocardiogram. 

· Study the meaning of P, Q, R, S, and T waveforms.

· Investigate EKG changes with mild stimulants.

Materials

· ULAB or CoachLab II/II+ interface
· EKG set (art. nr 028)
· Light sensor (CMA art. nr 014 or 0142i needed for CMA EKG set)

· Electrodes, conducting gel;

· Electrical wires (short!).

Warning: Never connect an interface to the EKG-amplifier! Use the light sensor as the only connection. 

Experiment Procedure 

1. Before placing the electrodes on the wrists, a drop of electrode cream should be spread on the skin beneath the electrodes.
2. In order to isolate the human body from the electrical circuit of the computer, the electrical signal from the body is converted into a light signal. A light sensor is then used to transmit the signal to the computer. The signal from the body is very weak and noisy. Therefore some signal conditioning is performed in the EKG-amplifier (filtering and amplification).
3. Place the electrodes on the wrists. 
4. Connect the electrodes to the EKG amplifier using short 4-mm wires. 
5. Place the Light sensor in the EKG and connect it to input 1 of an interface. 

6. Open Coach 6 Activity Exploring Biology > Monitoring EKG.

7. Click the green Start button to record the EKG.

8. The person whose EKG is being recorded should remain calm and relaxed, and should not watch the computer screen. 

Analysis

1. The P, QRS and T waves as well as the P-R interval are determined. Part of the graph can be enlarged in order to study the EKG-pattern more precisely.

2. Calculate the heart rate.

3. Record the EKG of a person:

· after jogging for a short time,

· after a cup of coffee or a glass of cola

· in different body positions.

Compare these results with the EKG of a resting person. 

4. Combine the EKG registration with a heart tone measurement using a sound sensor. 
Pupils with unusual EKGs

Since the electrodes are placed on the wrist (and not on the chest, which is the method of recording an EKG used in hospitals) the height of the individual waves may differ from person to person, but all EKGs show the PQRST-pattern. The equipment used in schools does not meet medical quality standards. For this reason heart defects cannot be discovered with this EKG monitoring equipment. It is important that before the start of the measurements it is explained to pupils that unusual EKGs produced during the experiments are caused by limitations of the equipment used. 
Biofeedback

When these experiments are performed there is a small safety concern that sub​jects will be able to reduce their heart rate during the measurement. The phenom​enon is called biofeedback. Since the experiments last only five or ten second biofeedback is highly unlikely. However, in order to avoid all risks is it recommen​ded that the subject not be allowed to watch the screen of the computer on which the EKG is displayed during the measurement.
Activity: Measuring the heart rate 

A simple way of 'measuring' the heart​beats is to measure the blood flow in the earlobe. Each time that the heart con​tracts, blood is pumped into the arte​ries. This causes the arteries to expand and the pressure to rise. The blood flow in the ear also rises. This occurs each time the heart beats.PRIVATE 

The Heart rate sensor monitors the flow of blood through the ear lobe. This sensor shines a light through the ear lobe and measures the light that is transmitted. The best results are obtained when the subject is in rest.

Another way of measuring heart rates is using the exercises heart rate sensor. Similar to electrocardiogram (EKG), this sensor monitors the electrical signal of the heart. Each time the heart beats an electrical signal is generated. This signal is measured at the surface of the skin by electrodes embedded in the chest belt of the sensor. By graphing this signal the heart rate can be determined.

In this activity you are going to determine the heart rate during a rest and during exercise.  

Objectives 

· Monitor a person’s heartbeats.

· Analyze the time between peaks to determine the pulse rate. 

· Determine the effect of body position on heart rates. 

· Determine the effect of exercises on heart rates.

Materials

· ULAB or CoachLab II/II+ interface
· Heart rate sensor (clip) 
· Exercises heart rate sensor 

· Home trainer

Experiment procedure - Measuring heart rate during rest
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Connect the Heart rate sensor to input 1 of an interface. 

2. Open Coach 6 Activity Exploring Biology > Heart rate during rest.
3. Attach the sensor’s clip on the subject's earlobe. Fix the sensor's pin to the clothing of the subject.

4. Start the measurement by clicking the Start button.

Analysis

1. Describe the recorded graph.  

2. Determine the heart rate from the graph.  

3. Compare the heart rate of different individuals.

4. Check the person's heart rate 

· in different body positions 

· before and after a short period of exercising

· before and after drinking a cup of coffee or glass of cola.

Explain the differences.

5. Monitor a person's heart rate as he or she starts holding his/her breathe. 

6. How can we measure the fitness level of an individual?

Experiment procedure - Measuring heart rate during exercises
1. Connect receiver module of the exercise heart-monitor sensor to input 1 of an interface.

2. Wet each of the electrodes (the two grooved rectangular areas on the underside of the transmitter belt) with 3 drops of saline solution. 

3. Secure the transmitter belt against the skin directly over the base of the rib cage. The Polar logo on the front of the belt should be in line with the chest center. Adjust the elastic strap to ensure a tight fit. 

4. Have the test person take place on the home trainer (without cycling!). Place the receiver in the right hand. Remember, the receiver must be within 80 cm of the transmitter belt. 

5. Open Coach 6 Activity Exploring Biology > Heart rate during exercises.
6. Start the measurement by clicking the Start button.

7. Wait 1 minute. Then let the test person start cycling at a steady pace. 

8. After 3 minutes stop cycling.

9. Wait three more minutes. 

10. Repeat the experiment for other test persons.

Analysis

1. Describe the recorded graph.  

2. Determine the heart rate from the graph.  
3. Compare the heart rate of different individuals. Can you conclude which person is in the best shape?

Activity: Electromyogram 

Electromyogram (EMG) is an electrical test that measures the activity of the muscles to gather information about the muscular and nervous systems.

With the EKG set you can measure the electrical activities of your body. The set is constructed to monitor the heart activities but can also be used to record electrical signals generated by muscles. These signals are much stronger than the potential produced by the heart. 
In this activity you are going to measure electrical activity generated by the muscle of your upper arm. 

Objectives 

· Use the CMA EKG set to monitor Electromyogram.

· Investigate the relation between the EMG and the force exerted by the arm.

Materials 

· ULAB or CoachLab II/II+ interface
· EKG set 

· Light sensor (CMA art. nr 014 or 0142i needed for CMA EKG set)

· Electrodes, conducting gel, weights


Warning: Never connect an interface to the EKG-amplifier! Use the light sensor as the only connection. 

Experiment procedure
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Before placing the electrodes, a drop of electrode cream should be spread on the skin beneath the electrodes.
2. Place the electrodes on the places on your arm (see the picture). Remember to attach the reference electrode (for example on another arm). 
3. Connect the electrodes to the EKG amplifier using short 4-mm wires. 
4. Place the light sensor in the EKG and connect it to input 1 of an interface. 

5. Open Coach 6 Activity Exploring Biology > Electromyogram.

6. Start you measurement by clicking the Start button. 

7. Measure first the muscle activity in rest. Save your data. 

8. Let the test person stretch his arm. Give to the test person a weigh of one kilo. 

9. Start a new measurement. 

Analysis

1. Repeat this measurement with two and three kilo weights. 

2. Compare the measurement results. 

3. What is the relation between the recorded EMG and the force exerted by your upper arm?

Activity: Measuring the respiration with the aid of a thermocouple

How does running or resting affect your breathing? In rest your respiration will be much slower than when you ran up the stairs.
In this activity you are going to explore how exercise affects your breathing frequency. 

When precise volumes of the respiration are not required, the temperature can be used as a means to record breathing. A thermocouple is used as a sensor. Its heat capacity is sufficiently low to allow for the measurement of quickly changing temperatures. The sensor is used to measure the temperature of air passing in and out. The result is displayed as a wave, which you can use to find the respiration rate.

A thermocouple sensor has a small temperature sensitive point on the end of a wire. You can use this sensor also to measure the changes in temperature of your skin. PRIVATE 

Objectives 

· Monitor human respiratory patterns. 

· Study the respiration rates in rest and after some exercises.

· Determine respiration period and rate.

Materials 

· ULAB or CoachLab II/II+ interface 
· Thermocouple sensor 
· Plastic tube
Experiment procedure
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Place the end of the thermocouple wire in a tube, which the subject breathes through (as shown on the photo)
2. Connect the thermocouple to the input 1 of an interface.

3. Open Coach 6 Activity Exploring Biology > Human respiration.
4. Position the thermocouple in front of the mouth.
5. Start the measurement by clicking the Start button. 

6. Breathe in and out as normal as possible.

7. After the measurement stopped save the data.

8. Start an exercise for example run up and down the stairs a few times.

9. Repeat step 4 to 6. 

10. Do the same experiment for a longer period. You will be able to study how fast frequency recovers after the exercise.

Analysis

1. Describe a resting respiratory pattern. 

2. Compare the results before and after the exercise. Explain the differences.

3. Compare the results of the extra experimental procedure (step 10) between different students.

4. How does condition affect the recovery of breathing frequency?

5. Determine the respiration period and rate.

Questions and extra exercises
1. Combine this experiment with the recording of the heart rate.

2. Are there differences between males and females?

3. Does a person’s length have any influence?

Activity: Human perspiration 
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The human body has the remarkable capacity for regulating its core temperature. The body has a number of mechanisms to dissipate heat when the environment is overheated. 
Like any other hot object, the human body loses heat by conduction, convection and radiation. It also loses heat through the evaporation of sweat - perspiration. That evaporation causes cooling can be shown by a simple experiment Cooling by evaporation.  

As air temperature approaches the skin temperature (of 37(C), most body heat loss must occur through evaporation – sweating. If the air has a high relative humidity, the potential for evaporation to take place is greatly reduced because the air cannot easily absorb more moisture. Theoretically, when the relative humidity reaches 100% and the air temperature exceeds skin temperature, the body cannot longer evaporate moisture or convect heat away from itself and the potential for very serious and even terminal body overheating exists. 


In this activity you are going to observe cooling by evaporation and the body perspiration. 

Objectives 

· Measure the change of temperature during evaporation process.  

· Monitor human perspiration with the humidity sensor.

Materials 

· ULAB or CoachLab II/II+ interface 
· Temperature sensor
· Humidity sensor 
· Alcohol, cotton wool, plastic bag

Experiment procedure - Cooling by evaporation 

1. Connect the temperature sensor to the input 2 of an interface.

2. Open Coach 6 Activity Exploring Biology > Human perspiration.
3. Wrap a cotton wool around the end of the temperature sensor. 

4. Read the temperature displayed on the temperature sensor icon on the screen.  

5. Then, using a dropping pipette, drop an alcohol on the cotton wool and allow it to evaporate. 

6. Start the measurement by clicking the green button and observe the effect on the temperature shown. 

7. You may speed up evaporation by blowing on the alcohol.  

Analysis

1. What do you think that you would feel if you would place a drop of alcohol on your skin?

Experiment procedure - Human perspiration
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Connect the humidity sensor to the input 1 and the temperature sensor to the input 2 of an interface. 

2. Open Coach 6 Activity Exploring Biology > Human perspiration.
3. Drag the humidity sensor icon to input 1 of the screen panel.
4. Take the humidity sensor and the temperature sensor in your hand. 
5. Place your hand in the plastic bag. 
6. Close the plastic bag as shown on the photo.
7. Start the measurement by clicking the green Start button. 
Analysis

1. Describe the measured relative humidity level? 
2. What do you observe on the plastic bag? 

3. Repeat the measurement at different temperatures. Does temperature have any effect on the measurement? You can use a strong lamp to warm up your environment.

4. Explain why the humidity level increases less fast at higher humidity concentrations.  

5. Predict what kind of effect this has at the heat loss of a human body in a sauna.

6. Explain why you feel uncomfortably hot on humid summer’s day and why the use of fan will relive your discomfort.  

7. What is the relative humidity level comfortable and healthy for human body? 

8. Measure the relative humidity in your classroom. Do you feel comfortable at that humidity level?

Note: 
Temperature is changing during the experiment. Therefore the humidity that is registered by the humidity sensor must be compensated. 
True relative humidity = (sensor RH)/(1.0546-0.00216*T)  where T in degrees Celsius.

Activity: Photosynthesis 

[image: image66.jpg]


Photosynthesis and respiration are two processes that occur in an ecosystem. Plants both photosynthesize and respire, while animals only respire. 
Plants are an essential component of the biosphere because they carry on photosynthesis. This is a complex series of reactions, driven by light energy absor​bed by chlorophyll and other pigments, which result in the synthesis of organic compounds and O2 from carbon dioxide and water. Much of the absorbed light energy is eventually incorporated into the chemical bonds of the organic compounds produced. This stores a vast amount of energy in the biosphere. This energy is essential for the maintenance of life because the life processes of all organisms require a continuous expenditure of energy. Most of this energy is derived from the oxidation of sugars and other foods during respiration. All of this energy is eventually converted to heat, which is dissipated and lost from the biosphere. It should be noted that the various organic compounds that are essential constituents of cell structures are all derived from the sugars and other organic com​pounds produced by photosynthesis. Thus, all organisms are dependent on photo​synthesis for their organic structural constituents as well as their energy. The oxygen produced by photosynthesis in plants is vital for those organisms that require oxygen for respiration.

The standard summary equation for photosynthesis is:

6CO2 + 6H2O + Light Energy ( C6H12O6 + 6O2
In this activity you will investigate photosynthesis. The first method of investigation uses the Dissolved oxygen sensor and allows investigation of oxygen production and consumption by both plant and animals, over different time intervals and conditions.

The second method uses the pH sensor, which indicates the relative changes in concentration of carbon dioxide (CO2) dissolved in water.

Objectives

· Measure changes in dissolved oxygen concentration resulting from photosynthesis and respiration in aquatic plants.

· Measure changes in dissolved carbon dioxide concentration resulting from photosynthesis and respiration in aquatic plants.

Materials

· ULAB or CoachLab II/II+ interface
· Pond weed (Cabomba) (keep warm and illuminated before use)

· Dissolved Oxygen sensor 
· Light sensor 
· pH sensor 
· Aquarium, water pump, metal stand
Experiment procedure - Photosynthesis by measuring oxygen
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Connect the Dissolved oxygen sensor to the input 1 and the Light sensor to the input 2 of an interface. 
2. Place the sensor in the aquarium.

3. For measurement with the Dissolved oxygen sensor, constant flow of water through a membrane of the sensor must be established. An inexpensive aquarium flow pump can serve this purpose. Situate the sensor so that the flow pump is moving a continuous stream of water past the membrane. (You may expect some oxygen fluctuations). 
4. Open Coach 6 Activity Exploring Biology > Photosynthesis. 

5. Start the measurement by clicking the Start button. 

6. Record for 30 minutes.

7. Shield the aquarium from the light for the first 10 minutes. Use ambient light for the next 15 minutes. Use bright light for the remaining time. 
Experiment procedure - Photosynthesis by measuring pH
1. Use the pH sensor instead of the Dissolved oxygen sensor. 
2. Repeat instructions from the experiment procedure Photosynthesis - by measuring oxygen. 
Analysis

1. Is oxygen produced steadily during photosynthesis?

2. How does light affect the rate of photosynthesis?

3. Make measurements over a period of two or three days. For this you can use the ULAB datalogger. Describe the results.  

4. What happens to the pH of the solution during photosynthesis? 

5. Does the pH change steadily during photosynthesis?
Questions and extra exercises
1. Adding 5% sodium hydrogen carbonate provides extra carbon dioxide for photosynthesis. 

2. Show the effect of light of different colors by placing filters in front of the light source. 
3. Further investigate the effect of different light levels.

Activity: Respiration by maggots

All living things respire. As respiration takes place the organism uses up oxygen from its surroundings and gives out carbon dioxide. In this activity you will use the Carbon dioxide (CO2) sensor to observe changing levels of carbon dioxide in a closed respiration chamber containing living fly maggots. 

Also other organisms can be used in this experiment like woodlice, stick insects, or earthworms. 

In this experiment you are going to find out how temperature influences the rate of respiration by maggots.

Objectives 

· Use a CO2 gas sensor to measure the carbon dioxide concentration. 

· Investigating the influence of respiration by maggots on the amount of CO2 in air? 

· Investigating influence does temperature have on the rate of respiration by maggots?

Materials 

· ULAB or CoachLab II/II+ interface
· Carbon dioxide sensor with the 250-ml sampling bottle (art. nr 0661i)
· Maggots at room temperature and maggots at fridge temperature
Experiment procedure
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Take ten maggots from the container in the fridge and have these acclimatized for about one hour. 

2. Connect the CO2 gas sensor to input 1 of an interface. 

3. Open Coach 6 Activity Exploring Biology > Respiration by maggots.
4. Make sure that the sampling bottle contains open air (do not breath in the respiration chamber).

5. Place the shaft of the CO2 gas sensor in the opening of the sampling bottle (with open air) and calibrate the sensor by using its calibration button. The sensor is now calibrated to a carbon dioxide level of 0.04 % (400 ppm), the CO2 concentration in open air. 

6. Remove the sensor from the bottle and place the maggots into it. Place the sensor back and start the measurement by clicking the Start button.

Analysis

1. Study the changes in the CO2 concentration.
2. Try to find a measure to express the CO2 production rate (i.e. the rate of respiration).

3. Do the experiment again with the same number of maggots that come directly from the fridge. Compare the results. Explain. 

4. Are these two measurements enough to draw a conclusion? Give reasons.
If a conclusion has to be drawn, what it would be?

Activity: Transpiration
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A plant needs far more water than an animal of comparable weight. In an animal most of its water entering remains in its body and re-circulates. By contrast more than 90 % of the water entering a plant’s roots is released into the air as water vapor. This loss of water vapor by the plant is known as transpiration. It is a necessary consequence of the opening of the stomata that must occur for a plant to obtain the carbon dioxide required for photosynthesis. 

Root cells contain a higher concentration of solutes than soil water does. As a consequence, water from the soil enters the roots by osmosis. The resulting pressure, known as root pressure, is sufficient to move water a short distance up the stem. The loss of water through the leaves is visible as small water drops at the leaves. The evaporation of water molecules pulls other water molecules upward via the vessels of a plant by cohesion. This is called cohesion tension. In plants with small vessels water moves approximately 5 to 10 meter per hour. In plants with larger vessels water can move at a rate of 30 to 40 meters per hour. 

In this activity you are going to measure the rate of transpiration. 

Objectives

· Observe the transpiration in plants. 

· Measure the rate of transpiration. 
· Determine the effect of light intensity on the rate of transpiration. 
· Determine the effect of temperature on the rate of transpiration. 
Materials
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ULAB or CoachLab II/II+ interface
· Humidity sensor 
· Temperature sensor

· Plastic pipes or wooden sticks

· Plant
, plastic bag, tape, rubber band

Experiment Procedure 

1. Put the two pieces of plastic pipes (or wooden sticks) in the soil of the plant as shown in photo.

2. Attach the humidity sensor and the temperature sensor with tape to a pipe.

3. Put the plastic bag over the plant, sensors and pipes.

4. Close the plastic bag with a rubber band near the bottom of the plant. 

5. Connect the humidity sensor to input 1 and the temperature sensor to input 2 of [image: image71.png]


an interface. 

6. Open Coach 6 Activity Exploring Biology > Transpiration. 
7. The measurement is 2 hour long so the ULAB datalogger is an ideal interface for this measurement. 

8. Start the measurement: 

· on-line by clicking the green start button, or  

· off-line:   

1. 
Send the measurement settings to ULAB by clicking the Send Settings button. 
2. 
Disconnect ULAB from the computer. 

3. 
Start the measurement by pressing the RUN button on ULAB. 
4.
After the measurement is finished, reconnect ULAB to the computer and download the measurement data by clicking the Get Data button. 

Temperature compensation

The amount of water, that evaporates, changes with the temperature. Therefore the humidity that is registered by the humidity sensor must be compensated. 
True relative humidity = (sensor RH)/(1.0546-0.00216*T) T in degrees Celsius. 

Analysis 

1. Determine the rate of transpiration. 

2. Do you think there will be differences between plants that are adapted to dryness and plants that live in a rain forest?

3. Examine different plants.
4. Design an experiment to observe the effect of light intensity and temperature on the rate of transpiration. 
Describe the effect of light intensity and temperature on the rate of transpiration.

Activity: Dissolved oxygen in water 
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Dissolved oxygen analysis measures the amount of gaseous oxygen (O2) dissolved in an aqueous solution. Dissolved oxygen is one of the most important parameters in aquatic systems. This gas is an absolute requirement for the metabolism of aerobic organism and also influences inorganic chemical reaction. Therefore, knowledge of the solubility and dynamic of oxygen distribution is essential to interpreting both biological and chemical processes within water bodies. Oxygen gets to water by diffusion from the surrounding air, be aeration (rapid movement) and as a waste product of photosynthesis. The amount of dissolved oxygen gas is highly dependant on temperature. Atmospheric pressure also has an effect on dissolved oxygen. The amount of oxygen (or any gas) that can dissolve in pure water (saturation point) is inversely proportional to the temperature of water. The warmer the water, the less dissolved oxygen. In this activity you are going to study the effect of temperature on the amount of dissolved oxygen in water.  

Objectives 

· Measure the concentration of dissolved oxygen in water. 

· Study the effect of temperature on the amount of dissolved oxygen in water. 

· Predict the effect of water temperature on aquatic life.

Materials 

· ULAB or CoachLab II/II+ interface
· Temperature sensor

· Dissolved oxygen sensor
· Aquarium pomp to aerate the water, 250-ml beaker with ice water, heater, stirrer,

Experiment procedure

1. Polarize the dissolved oxygen sensor prior to using it (see the sensor manual). Connect the temperature sensor to input 1 and the dissolved oxygen sensor to the input 2.

2. Open Coach 6 Activity Exploring Biology > Dissolved oxygen in water.
3. Aerate the water in a beaker with the aquarium pomp. 

4. Place the beaker on the heater. Use the stirrer. 

5. Place the temperature sensor in the beaker. Place the shaft of the dissolved oxygen sensor into the water and gently stir. 

6. Give the dissolved oxygen readings time to stabilize (90 – 120 s). At colder temperatures the sensor requires a greater amount of time to output stable readings. When the reading has stabilized, start the measurement by clicking the Start button. Do not let the temperature exceed 65(C.

Analysis

1. At what temperature is the dissolved oxygen concentration the highest?  
2. At what temperature is the dissolved oxygen concentration the lowest? 
3. What is the relation between the dissolved oxygen concentration and temperature?

4. Why does the oxygen level change?

Activity: Water quality 
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For determining water quality different physical and chemical measurements can be performed. In this activity you are going to make dissolved oxygen, temperature and pH measurements.  


Dissolved oxygen is essential for the maintenance of a healthy water ecosystem. Oxygen is a necessary element to all forms of life. Adequate oxygen levels are necessary to provide for aerobic life forms that carry on natural stream purification processes. As dissolved oxygen levels in water drop below 5.0 mg/l, aquatic life is put under stress. The lower the concentration the greater the stress. Oxygen levels that remain below 1-2 mg/l for a few hours can result in large fish kills. 
The water temperature is very important for water quality. Human activities should not change water temperatures beyond natural seasonal fluctuations. High water temperatures stress aquatic ecosystems by reducing the ability of water to hold essential dissolved gasses like oxygen. Good temperatures are dependent on the type of stream. Lowland streams, known as “warm-water” streams, are different from mountain or spring fed streams that are normally cool. 


pH is a measure of the acidic or basic (alkaline) nature of a solution. The concentration of hydrogen ion [H+] activity in a solution determines the pH. A pH range of 6.0 to 9.0 appears to provide protection for the life of freshwater fish and bottom dwelling invertebrates. For examples the pH range between 6.0 and 7.2 is an optimum range for fish eggs. 


In this activity you are going to perform a field test on site to check the water quality in a local stream or pond. 

Objectives 

· Measure the concentration of dissolved oxygen, temperature and pH of water samples. 

· Determine water quality. 

Materials 

· ULAB datalogger 
· Dissolved oxygen sensor
· Temperature sensor

· pH sensor 

· Water sampling containers 

Experiment procedure

1. The experiment settings can be downloaded by using the Coach 6 Activity Exploring Biology > Water quality or can be prepared directly with ULAB.
2. Polarize the dissolved oxygen sensor prior to using it (for 30 minutes). 

3. Download the experiment settings from Coach or prepare the measurement with ULAB. After downloading ULAB can be turned off. 
4. Choose the best location to perform your measurements, as far from shore edge as is safe. 

5. Connect the temperature sensor to the input 1 and the dissolved oxygen to the input 2 of ULAB.

6. Rinse the container with stream water and fill it completely. Place the sensors into the water sample and record the temperature and dissolved oxygen values. 
7. The dissolved oxygen sensor and pH sensors should not be used at the same time because these sensors interfere with each other. Disconnect the temperature and dissolved oxygen sensor and plug the pH sensor into the input 1. Place the pH sensor into the water sample and measure the pH value.

8. Repeat your measurements at other locations.
9. Download your measurement runs into Coach for further processing by clicking the Get Data button. Save your data in Coach.
Analysis 

1. Describe differences in measurements done at four different locations. 

2. Determine water quality of your stream. 

3. Repeat the measurements few months later and compare the results. 

· Has the water improved? 

· What can be done to improve the water quality? 
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Activity: Bad atmosphere

In the morning, if you travel by bus people often look depressed. Why? Is it because they don’t like to go to school or work? Or is it something else? Maybe it is because of the atmosphere in the bus. Note that a normal CO2 concentration in the atmosphere is 400 ppm, a comfortable temperature is between 15 a 20 °C and a comfortable humidity of air is between 50 and 60 %.

The portability of the ULAB datalogger makes it an ideal tool for the measurements of temperature, the CO2 concentration and humidity level in public places. 

Objectives

· Measure CO2 concentration, humidity and temperature in a public bus (or tram).
Materials

· ULAB datalogger 

· CO2 sensor

· Humidity sensor

· Temperature sensor

· Bus

Experiment Procedure 

1. The experiment settings can be downloaded by using the Coach 6 Activity Exploring Biology > Bad atmosphere or can be prepared directly with ULAB. 
2. Connect the temperature sensor to input 1, the humidity sensor to input 2, the CO2 sensor to input 3 of ULAB. 

3. Download the experiment settings from Coach or prepare the measurement with ULAB. After downloading ULAB can be turned off. 

4. When you sit in the bus turn ULAB on and start the measurement by pressing the Run button. 

5. Repeat your experiment in a crowded bus and in an empty bus.

6. Download your measured data into Coach for further processing by clicking the Get Data button. Save your data in Coach.

Analysis

1. What happens to the CO2 concentration? 

2. How do you explain rises and drops in CO2 concentration?

3. What happens to the humidity?

4. What happens to the temperature?

5. What is the difference in CO2 concentration, humidity and temperature in a crowded and in an empty bus?
6. Do you see any relation between the CO2 concentration, humidity, temperature at one site and the mood of people at the other site? 
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Activity: Microhabitats on sand slopes 

To visit two completely different worlds you only need to travel some 10 m (30 ft). These worlds are microhabitats, places consisting within one ecosystem but differing in both a-biotic and biotic factors. A good example of the differences between two microhabitats may be found on the slopes of a dune (or any hill will do, but sandy hills such as dunes are very common). Comparing a northern slope with a southern slope of the same dune will reveal some remarkable differences. These differences may have huge effects on the flora and fauna that can be found on these different slopes. 

Objectives

· Learn to distinguish between a-biotic and biotic elements.

· Relate a-biotic and biotic elements to define a microhabitat.

· Measure (soil) temperature, light and pH. 

· Collect data on flora and fauna.

Materials

· 2 ULAB dataloggers

· 2 Light sensors

· 4 Temperature sensors 
· 2 pH-sensors

· 2 little plastic bottles, spoon, bottle of distilled water, compass, bamboo sticks (1.5 m or longer), tape to attach the light and temperature sensors to the stick, plastic bag (for protection of equipment during rain)
· Flora (for determination of plants) and Documentation for determination of animal tracks
Experiment procedure

1. The experiment settings can be downloaded by using the Coach 6 Activity Exploring Biology > Microhabitats on sand slopes or can be prepared directly with ULAB.

2. Download the experiment settings from Coach or prepare the measurement with ULAB. After downloading ULAB can be turned off. 
3. Choose an ‘old dune’ and preferably a sunny day. With your compass determine the northern slope and the southern slope.

4. Choose two spots for your data collection (pick these spots on the same height of the dune).

5. Connect the light sensor to input 1 and two temperature sensors to inputs 2, 3 of ULAB. 

6. Place one temperature sensor in the ground on the northern slope. 

7. Place the bamboo stick in the ground. Attach the other temperature sensor and the light sensor to the stick (one meter above the surface). 

8. In the same way prepare your measurement with the second ULAB on the southern slope.

9. Wait 15 minutes for the sensors to adapt to the temperature and start measurements. If you have downloaded the computer experiments settings then each time you press the Select button on ULAB a single measurement is taken. The measurement stops after 5 readings.

10. Write the average measured light and temperature values on the data sheet.

11. Disconnect the light and temperature sensors and connect the pH sensor to the input 1 of ULAB. 

12. Collect soil samples from the surface, 5 cm below surface and 25 cm below surface. 

13. Put a spoonful of soil in a plastic bottle, add water, shake it at least one minute and measure pH with the pH sensor. Use standby mode of ULAB. Write the measured pH data on the data sheet. 

14. Collect data on flora and fauna. Determination of fauna will mainly be on basis of tracks. Look carefully. If you experience difficulties in determining the names of some plants, ask your teacher for assistance. Do not collect a plant sample!
Analysis

1. Which data are a-biotic? Why?

2. Compare the data in your datasheet. Do you notice any differences in a-biotic factors of the northern and the southern slope of the dune?

3. Compare the data in your datasheet. Do you notice any differences in biotic factors of the northern and the southern slope of the dune?

4. Which a-biotic data are strongly related to your biotic data? Explain.
Data sheet Northern site

	Location:
	

	Date:
	

	A - biotic factors

	Temperature (in ground)
	

	Temperature (1 m above surface)
	

	pH soil sample (5 cm below surface)
	

	pH soil sample (25 cm below surface)
	

	Biotic factors

	Animal tracks:



	Plants:




Data sheet Southern site

	Location:
	

	Date:
	

	A - biotic factors

	Temperature (in ground)
	

	Temperature (1 m above surface)
	

	pH soil sample (5 cm below surface)
	

	pH soil sample (25 cm below surface)
	

	Biotic factors

	Animal tracks:



	Plants:




4. Exploring Chemistry 

This project consists of examples of experiments for Chemistry. The Chemistry Lab Activity is an open lab type of Activity that offers a number of sensors for chemistry experiments.
Activity: Endothermic and exothermic reactions 

A chemical reaction between solid compounds can result in spectacular temperature changes. 

During the spontaneous reaction between sodium carbonate (Na2CO3.10 H2O) and citric acid (C6H8O7.H2O) a considerable temperature decrease occurs. Reactions that absorb energy from their surroundings are called endothermic reactions.
During the reaction of sodium hydroxide solution NaOH with hydrochloric acid HCl solution the temperature increases a few degrees Celsius. Reactions that release energy to their surroundings are called exothermic reactions.

In this activity you are going to study endothermic and exothermic reactions. 

Objectives 

· Observe endothermic and exothermic reactions.

· Measure temperature changes during the reactions.

Materials

· ULAB or CoachLab II/II+ interface 
· Temperature sensor
· Beakers 50 and 200 ml
· Sodium carbonate (Na2CO3.10 H2O) and citric acid (C6H8O7.H2O)
· 1 M Sodium hydroxide (NaOH) and 1M hydrochloric acid HCl
Experiment procedure - Endothermic reaction 
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Connect the temperature sensor to input 1 of an interface. 

2. Open Coach 6 Activity Exploring Chemistry > Endo and exothermic reactions.
3. Place the temperature sensor in the 50-ml beaker. 
4. Add 3 grams sodium carbonate to 2 grams citric acid in the beaker.
5. Start the measurement by clicking the green Start button.

6. Mix the compounds by stirring with the sensor. 
7. After a short time the temperature will decrease (note the development of carbon dioxide).
Experiment procedure - Exothermic reaction 

1. Connect the temperature sensor to input 1 of an interface. 

2. Open Coach 6 Activity Exploring Chemistry > Endo and exothermic reactions.
3. Place the temperature sensor in a 200-ml beaker containing 25-ml sodium hydroxide.

4. Start the measurement by clicking the green Start button.

5. Add 5-ml hydrochloric acid and stir. 


WARNING
Sodium hydroxide and hydrochloric acid react strongly with each other.  Be careful. You should only perform this experiment in a suitable (safe) laboratory environment with proper safety equipment, including goggles.

Analysis

1. Compare results of endothermic and exothermic reactions. 
2. For the endothermic reaction:
· When is the change in temperature fastest? 

3. For the exothermic reaction: 
· When is the change in temperature fastest?

· When does the mixture start to cool? Why?

4. Calculate the temperature change for each reaction.

Extra exercises

Based on temperature changes during the exothermic reaction, the heat of reaction can be calculated. 

For this calculation you may make the following approximations: 

· The heat capacity is determined only by the amount of solution present in the reaction vessel (the heat capacities of the reaction vessel, tempera​ture sensor, etc. are neglected).

· The reaction vessel is perfectly insulated: no energy is exchanged with the environment.

· The density of each solution is 1.0 g/ml.
· The specific heat capacity of each solution is 4.18 J/g(C (as water).
The heat capacity c of the total solution, after adding X ml hydrochloric acid solution to Y ml sodium hydroxide is approximated by:

c = (Y ml + X ml) * 1.0 g/ml * 4.18 J/g(C

The total amount of heat Q produced after adding X ml becomes:

Q = c * (T - T0) 

Where T is the temperature after adding X ml, T0 is the starting temperature.

Activity: Temperature of flames
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A thermocouple is a simple temperature sensor to measure temperatures over a wide range (between 200(C up to 1400(C) and can be used to study the temperature inside flames. The measurement junction of the thermocouple can be placed directly into the flame. In this way temperature differences between several places in a flame are easily to demonstrate.


Flame color tells about the temperature inside a flame. The outer core of the candle flame is light blue. That is the hottest part of the flame. The color inside the flame becomes yellow, orange and finally red. The further you reach to the center of the flame, the lower the temperature will be. The reason there is this variation in a candle's flame color is because air convection pulls the warmer gasses upwards.

In this activity you are going to measure temperature of different flames. 

Objectives 

· Compare the temperatures of different flames (a candle flame, a lighter and bunsen burner). 

· Measure how the temperature inside a flame varies with position. 

· Study the temperature of different flame colors. 
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Materials

· ULAB or CoachLab II/II+ interface
· Thermocouple

· Candle flame, a gas lighter and Bunsen burner
Experiment procedure

1. Connect the thermocouple to the input 1 of an interface. 

2. Open Coach 6 Activity Exploring Chemistry > Temperature of flames.
3. Place the measurement junction of the thermocouple into the flame.
4. Start the measurement by clicking the Start button.
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Analysis

1. Measure the temperature inside different flames like a candle flame, a gas lighter and a Bunsen burner. What is the maximum temperature of each flame?
2. Place the measurement junction of the thermocouple in several places in a flame and measure the temperature. 
3. Describe how the temperature varies inside a flame.
4. Place the measurement junction of the thermocouple in different flame color and measure the temperature.
5. Write down the temperature of blue, yellow, orange and red flame color. 

Activity: Acid-base titration 

A titration is a method of quantitative analysis used to determine the precise endpoint of a reaction and therefore the precise quantity of reactant. Acids and bases react until one of the reactants is consumed completely. An acid solution of known concentration can therefore be used to titrate a base solution of unknown concentration. The endpoint of such reaction - the equivalence point - is detected by rapid change in pH. 

In this activity you are going to record acid-base titration. During the experiment an acid solution (titrant) drips from a burette into the base solution at a constant rate. As acid is added to the base, the pH gradually changes until the solution gets close to the equivalence point.  Near the equivalence point, a rapid change of pH occurs. The pH sensor placed in the base solution records the pH change. 


To automate the titration CMA step-motor burette (art. nr. 062) can be used.  The burette is an automatic dosage device that is used to control a process of adding a titrant. This device uses digital outputs of an interface and therefore can be used only with CMA CoachLab II/II+ interface. 

Objectives

· Observe shapes of titration curves for various acid-base reactions.

· Investigate the qualitative aspects of acid-base reactions. 

· Determine the equivalence point of acid-base reaction.

Materials

· ULAB or CoachLab II/II+ interface
· pH sensor

· 25-ml burette or CMA step-motor burette (art. nr 012)

· 0.1 M sodium hydroxide NaOH

· 0.1 ethanoic acid CH3COOH or 0.1 M hydrochloric acid HCl

· 200-ml beaker, magnetic stirrer or stirring bar

Experiment procedure 
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Pour 20-ml sodium hydroxide solution into the 200-ml beaker, and place on the stirrer. 

2. Fill the burette with acid and clamp the burette above the reaction beaker.

3. Connect the pH sensor to the input 1 of an interface. 

4. Clamp the pH sensor and place the electrode in the beaker of sodium hydroxide so that it is not in the way of the stirring bar. 

5. Open Coach 6 Activity Exploring chemistry > Acid-base titration. 

6. Start the measurement by clicking the Start button.

7. Carefully open the burette stopcock to provide a dripping rate of about 1 drop per second. Be sure to make measurements that will allow you to calculate the volume of acid added for any time during the titration.

Experiment procedure - Titration with CMA step motor burette (not suitable for ULAB) 
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Before you start the titration with CMA step-motor burette you need to enter a calibration factor in the control program. This program takes care of the burette control and calculates the volume using the calibration factor. The calibration factor is the number of steps the motor has to turn to add 1 ml of titrant. 

2. Open Coach 6 Activity Exploring chemistry > Calibration of CMA step-motor burette. 
3. Determine the calibration factor of your step-motor burette. 

4. Pour 20-ml sodium hydroxide solution into the 200-ml beaker, and place on the stirrer. 

5. Fill the syringe with acid and place it in the burette.

6. Connect the pH sensor to the input 1 of an interface. 

7. Connect the step-motor burette to outputs of an interface. The connections are given on the bottom side of the burette.
8. Clamp the pH sensor and place its electrode in the beaker of sodium hydroxide so that it is not in the way of the stirring bar. 
9. Open the Coach 6 Activity Exploring chemistry > Acid-base titration with CMA step-motor burette. 
8. Enter the calibration factor of your step-motor burette in the control program. 

9. Start the measurement by clicking the Start button. 
Analysis

1. Describe how the pH changes during the experiment. 
2. Use different acids (or bases) and repeat the experiment. Describe the difference between pH curves. 
3. Determine the pH of the equivalence point. 
· The slope of the titration curve is steepest at the equivalence point. 
· The first derivative of the titration curve shows a maximum at the equivalence point.
· The second derivative of the titration curve shows a zero point at the equivalence point.
To find a derivative right click the diagram pane and use the option Process/Analyze > Derivative. 
Extra exercises
1. The titration method can be used to find an unknown concentration of a solution. 

· Use a base solution of an unknown concentration. 

· Titrate this solution with an acid solution of known concentration. 

· Determine the volume of acid solution added at the equivalence point. 

· Calculate the concentration of the base solution.
 

2. During the titration of a base, a steady increase of [H+] (decrease in [OH-]) appears, with a sudden increase of [H+] observed at the equivalence point. The logarithmic pH-scale is easily converted into a [H+]-scale. 


· Add to the table of measurements made already: 

	Column
	Quantity
	Description

	C1
	time
	Measured

	C2
	pH
	Measured

	C3
	volume
	formula: volume =  time * volume rate

Note: column 3 is calculated automatically if one uses the step-motor burette

	C4
	pOH
	formula: pOH = 14 - (pH)

	C5
	[H+]
	formula: [H+] = 10-pH = 10^(-pH)

	C6
	[OH-]
	formula: [OH-] = 10-pOH =10^(-pOH )


· Plot diagrams of [H+] versus volume and [OH-] versus volume.

Activity: Measuring sulphur production during the reaction of sodium thiosulphate with hydrochloric acid

Sodium thiosulphate and hydrochloric acid react to form a precipitate. To introduce the concept of the reaction rate, the reaction between sodium thiosulphate (Na2S2O3) and hydrochloric acid (HCl) can be used:

Na2S2O3  +  2 HCl  (  SO2(g)  +  S(s)  +  2NaCl  +  H2O

To study the reaction’s rate the formation of sulphur during this reaction is used. The reaction time is equal to the time it takes to reach a certain level of turbidity. 

In this activity you are going to use the light sensor to monitor the transparency of the solution. Usually, this experiment is done several times with different sodium thiosulphate concentra​tions.

Objectives

· Introduce concept of the reaction rate.

· Study the reaction rate during the reaction between sodium thiosulphate and hydrochloric acid.
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Materials

· ULAB or CoachLab II/II+ interface
· Light sensor

· Disposable cuvettes

· Disposable syringes

· Solutions: 
10 ml of hydrochloric acid HCl (0.1 M), 
10 ml of sodium thiosulphate Na2S2O3 (0.1 M).

Experiment procedure 
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Use a disposable cuvette (5.0 ml) to mix the solutions. Solutions will be added together with the aid of syringes.

2. Position the cuvette as close as possible to the light sensor. It is not necessary to use a special cuvette-holder but this would simplify the experiment. You can also use a Colorimeter sensor.   

3. Connect the light sensor to the input 1 of an interface. 
4. Open Coach 6 Activity Exploring Chemistry > Thiosulphate and acid.

5. Before starting the first measurement you must find a suitable distance between the light source and the sensor. Place a cuvette filled with a clear solution (water) in front of the light sensor and move the light source until the signal level is about 80%. When you work with a Colorimeter sensor choose a red light and zero its reading with a cuvette of a clear solution (water). 

6. Mix 2.5-ml thiosulphate-solution and 2.5-ml hydrochloric acid in the cuvette. Start recording immediately after adding the solutions by clicking the Start button.
[image: image86.jpg]Il




[image: image87.png]


[image: image88.png]m1

m2




Analysis

1. How does the appearance of the solution change during the reaction? 
2. What does the graph tell you about the progress of reaction? 
3. Repeat the experiment with other concentrations of sodium thiosulphate.
4. Determine for each experiment the reaction time to reach a certain level of turbidity. 
Use '1/time' as a measure for the starting value of the reaction rate (why?). 
5. How does the reaction rate depend on the sodium thiosulphate concentration?
Activity: Determining concentration with a Colorimeter

The reduction of light transmitted through a colored solution offers the possibility to determine the concentration of the solute. Beer's law describes the theoretical relation between the intensity of light transmitted through the solution and its concentration:


[image: image3.wmf])

(

cd

o

e

I

I

e

-

=


I0 - initial light intensity, ( - is the molar absorptivity of the solution, d - width of the cell, c - molar concentration. The amount of light absorbed is measured by the absorbance of a solution: 


[image: image4.wmf]dc

I

I

A

e

=

÷

ø

ö

ç

è

æ

=

0

log

  
In this activity you are going to determine the concentration of an unknown solution by measuring its absorbance with the colorimeter. In the colorimeter monochromatic light from the LED light source passes through a cuvette containing a solution sample and strikes a photocell. The colorimeter monitors the light received by the photocell as an absorbance value. 
Objectives

· Study the relation between the light absorption and concentration of solution.

· Determine a concentration of an unknown solution. 

Materials

· ULAB or CoachLab II/II+ interface 
· Colorimeter

· Cuvettes

· 5 solution samples with different known concentration and 1 solution sample with unknown concentration (you can use for example Copper(II) Sulphate CUSO4 solution or Nickel Sulphate NiSO4 solution)
Experiment Procedure
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Prepare cuvettes with five different (known) solution samples. 

2. Connect the colorimeter to the input 1 of an interface.

3. Open Coach 6 Activity Exploring Chemistry > Determining concentration.
4. Click the Start button to start the manually triggered measurements.

5. Place the cuvette with the solution of lowest concentration in the colorimeter. 

6. Click the Manual button. 

7. Type in the concentration value of the solution. 
8. Repeat the measurement for the other cuvettes.

Analysis

1. Describe the relationship between absorbance and concentration.
2. Do your data follow Beer's law?  
3. Measure the absorbance of a solution of unknown concentration of the same substance. 
4. Determine the concentration of an unknown solution. You can do it by

· reading  this value from the absorbance versus concentration graph

· calculating by dividing the absorbance value measured for unknown concentration by the slope of the Beer's law curve. 

Activity: Reaction of limestone in mineral water 

In water a chemical equilibrium between limestone, carbon dioxide and dissolved calcium hydrogen carbonate settles it self easily:

CaCO3(s) + H2O(l) + CO2(g) ⇆ Ca2+(aq) + 2 HCO3-
This equilibrium is of major geological importance. A lot of Karst landscapes form by dissolving limestone in carbon dioxide enriched water. Coral reeves develop by precipitating limestone.

The solution and precipitation of limestone can be studied with a conductivity sensor. A calcium carbonate suspension in water and a carbon dioxide solution both have a quite low conductivity.

The conductivity increases immediately after adding calcium carbonate to mineral water or bubbling carbon dioxide gas through a calcium carbonate suspension. If you bubbles air through the solution it removes carbon dioxide and the equilibrium shifts to the left. The conductivity decreases immediately.

Objectives

· Making visible the establishment of equilibrium.

· Studying the effect on equilibrium of removing one of the compounds.

· Studying the reaction rate of the formation and decomposition of CaHCO3.
Materials

· ULAB or CoachLab II/II+ interface
· Conductivity sensor

· Calcium carbonate (powder) 

· Carbonated mineral water 

· Magnetic stirrer, aquarium air pump, stand and 500-ml Erlenmeyer

Experiment Procedure 
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Connect the conductivity sensor to the input 1 of an interface. 

2. Switch the conductivity sensor to 0 - 2000 μS range.

3. Open Coach 6 Activity Exploring Chemistry > Dissolving limestone. 

4. Pour 250-ml solution in a 500-ml Erlenmeyer.

5. Place the conductivity probe in the solution. 

6. Start stirring and start a measurement by pressing the Start button.

7. Measure the conductivity of 

· distilled water

· distilled water with some calcium carbonate powder

· mineral water.

8. Start measuring the conductivity of mineral water. After about two minutes add some calcium carbonate powder (teaspoon full) to the mineral water.

9. To remove carbon dioxide produced during the reaction after about 10 minutes start bubbling air through the solution.

Analysis

1. Explain the rise in the conductivity after adding a calcium carbonate to mineral water.

2. Explain the decrease in conductivity while bubbling air through the solution.

3. Perform the experiment using other sources of calcium carbonate.

4. The logarithm of the change in conductivity decreases almost linear. Investigate this linearity using several sources of limestone.

5. Exploring Physics 

This project consists of examples of experiments for Physics. The Physics Lab Activity is an open lab type of Activity that offers a number of sensors for physics experiments.
Activity: Understanding motion 

Motion occurs all around us. Motion is easy to recognize, but it is hard to describe. 
One of the most effective methods of describing motion is to use graphs of motions: 
position-time, velocity-time and acceleration-time graphs. 
In this activity you are going to collect the real-time motion data using an ultrasonic motion detector. The motion detector is a device that measures the distance to an object using ultrasound. It sends out an ultrasonic pulse and determines the distance by measuring the time taken for the reflected pulse to return. Bats use a very similar technique to determine distances. 

In this activity you will consider only the motion along the straight-line path for example linear motion of the cart rolling on a table or the cart rolling up and down an incline.

Objectives

· Measure motions of a moving cart. 

· Interpret the displacement-time graphs.

· Interpret the velocity-time graphs. 

Materials

· ULAB or CoachLab II/II+ interface
· Ultrasonic Motion Detector

· Cart and incline
Experiment procedure
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Connect the ultrasonic motion detector to the sonic input of an interface.

2. Open Coach 6 Activity Exploring Physics > Understanding motion. 

3. Place the motion detector on the table in front of a cart. You will move the cart back and forth in front of the motion detector. Take care that the cart does not come closer than 50 cm to the detector. 

4. Record the following motions: 

· Place the cart circa 60 cm from the motion detector, start the measurement and move the cart slowly and steadily away from the detector. 

· Place the cart circa 60 cm from the motion detector, start the measurement and move the cart quickly and steadily away from the detector. 

· Place the cart circa 120 cm from the motion detector, start the measurement and move the cart slowly and steadily toward to the detector. 

· Place the cart circa 120 cm from the motion detector, start the measurement, wait a moment and then move the cart quickly and steadily toward to the detector. 

· Place the cart where you want, start the measurement and move the cart back and forth in your own way.

You start the measurement by clicking the Start button. Using <Shift> key and clicking the green start button erase recorded data and starts a new measurement. Remember to save your results! 

5. Place the motion detector at the top of an incline pointing toward a cart. The cart will move along the incline in front of the motion detector.  

6. Record the following motions: 

· Hold the cart at the incline 50 cm from the motion detector. Start the measurement and let the cart roll down. 

· Hold the cart at the bottom of the incline. Start the measurement and give the cart a push up the incline.  

Analysis 

Interpret your recorded motion graphs, the following assignments will help you. 

1. Describe the position-time graph of the moving cart. 

· Describe how the distance of the moving cart changes with time. 

· Read out the initial and the maximum and minimum position of the cart.

· Describe the graph shape. 

2. Explain the significance of the slope of the position-time graph. 

· How does the slope change during the motion of the cart? 

· What does this tell you about its motion? 

3. Draw your prediction of the velocity-time graph on the paper.  

4. Place the recorded velocity-time graph in a window. Interpret the graph. 

· Describe how the velocity of the moving cart changes with time. 

· Read out the initial and the maximum and minimum velocity of the cart. 

· Was there any moment in the motion where the velocity was zero? Explain.

· Explain the meaning of negative and positive velocity.

5. Explain the significance of the slope of the velocity-time graph. 

· How does the slope change during the motion of the cart? 

· What does this tell you about its motion?

6. Explain the significance of the area under the velocity-time graph. 

Extra exercises

When a cart rolls down the incline its acceleration can be measured. This acceleration is related to the ramp's angle of inclination ( 
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  where g represents gravitational acceleration (9.8 m/s2)

1. Record the position-time and velocity-time graphs of a cart as it moves down an incline. 

2. Determine acceleration of the cart. 

3. Measure the inclination angle. 

4. Determine the gravitational acceleration constant. 

5. Repeat your measurements for various angles of inclination. 
Activity: Match the graph 
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In this activity you are going to walk to match the distance-time graph or velocity-time graph shown on the computer screen. You are going to collect data with the ultrasonic motion detector. 
Objectives

· Record motions of walking person. 

· Interpret the distance-time graphs.

· Interpret the velocity-time graphs. 

· Predict and test the distance-time and velocity-time graphs. 

Materials

· ULAB or CoachLab II/II+ interface
· Ultrasonic Motion Detector

Experiment procedure

1. Connect the ultrasonic motion detector to the sonic input of an interface. 
2. Place the motion detector on the table in front of you so that it points toward an open space at least 4 m long. To help you walk mark the origin and the 1m, 2 m, 3 m and 4 m distances from the motion detector.  
3. Open Coach 6 Activity Exploring Physics > Match the graph x-t. 
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In the diagram window you see the distance-time graph. Describe the motion represented by this graph. How do you have to walk to produce this graph? 

5. Start a measurement by clicking the green Start button.
6. Walk to match the shape of the graph. The graph will be drawn as you walk. If you are not successful, repeat the process until your motion matches the graph on the screen. 
7. Perform a second distance-time match. Press the yellow Display diagram button and select x-t diagram 2 from the list. Place a new diagram in a window. Walk the graph.  
8. Perform a third distance-time match in the same way. 
9. Select the Activity Match the graph v-t. 

10. In the diagram window you see the velocity-time graph. Describe the motion represented by this graph. How do you have to walk to produce this graph? 

11. Start a measurement by clicking the green start button.
12. Walk to match the shape of the graph. The graph will be drawn as you walk. If you are not successful, repeat the process until your motion matches the graph on the screen. 
13. Perform a second velocity-time match. Press the yellow Display diagram button and select v-t diagram 2 from the list. Place a new diagram in a window. Walk the graph. 
14. Perform a third velocity-time match in the same way.

Analysis

1. Described how you have walked for each of the graphs that you matched. 
2. What type of motions you have walked? 

3. Record your own distance-time graph by walking in front of the motion detector. Ask your colleague to walk your graph. 
4. Record your own velocity-time graph by walking in front of the motion detector. Ask your colleague to walk your graph.
Activity: Simple harmonic and damped harmonic motion
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A common type of motion is oscillatory motion. An important characteristic of this motion is that it repeats itself at regular time intervals.  

One of the simplest oscillating systems is a mass hanging on a spring. When the mass is pulled down by a distance x from its rest position, the spring exerts a force given by Hooke's law, 
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  where k is the spring constant

This force tends to restore the mass to its original equilibrium position. Such a motion is called simple harmonic motion. The negative sign indicates that the force opposes the motion and is the defining characteristic of a restoring force. 

According to Newton's second law, the force accelerates the mass
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 where m is the mass 
Putting both laws together at the harmonic oscillator equation
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A solution to this equation is 
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where A is motion amplitude (maximum displacement from the equilibrium point)

ω is angular frequency, given by 
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, where T is the period of the motion, 

Φ is the phase constant, an indication of the mass's position at the start of the motion


Our everyday experience is that real oscillations do not continue indefinitely without any change of amplitude. The amplitude of the motion of a real mass-spring system always decreases with time. This effect is called damping and is caused for example by air resistance. 

In this activity you are going to investigate the simple and damped harmonic motion of the mass-spring system. 
Objectives

· Measure the motion of the mass-spring system. 

· Determine the amplitude, period and phase constant of oscillations.

· Measure the damped harmonic motion. 

· Determine the amplitude change of damped harmonic motion.
Materials

· ULAB or CoachLab II/II+ interface
· Ultrasonic motion detector

· Force sensor (optional)
· Spring, masses, carton plate which can be attached to the mass for observing a damping effect,

Experiment procedure
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Attach the spring to a horizontal rod connected to the stand. Attach the mass to the spring. The stand should not move and the mass should be able to move up and down over a 20 cm distance. 
If you use the force sensor attach the spring to the hook of the sensor. 

2. Place the motion detector below the mass. Take care that the mass does not come closer than 50 cm to the detector or fall off the spring. 

3. Connect the motion detector to a sonic input of an interface. 

4. If you use the force sensor connect it to input 1 of an interface. 

5. Open Coach 6 Activity Exploring Physics > Harmonic Motion. 
6. Lift the mass and release. 
7. Start a measurement by clicking the Start button. Save data of your simple harmonic motion. 

8. Tape a carton (index) card to the bottom of the mass and repeat the measurement. Save data of your damped oscillations. 

Analysis

Simple harmonic motion 

1. Determine the amplitude of the motion. Does the amplitude change during the motion? 

2. Determine the period T of the motion. Based on the period, calculate the frequency (f= 1/T), and the angular frequency (
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3. Determine the phase constant Φ. 
4. Can you assume that the motion of physical mass-spring system is the simple harmonic motion? You can check this by fitting your data with sin function. 

· Right click the diagram window and select the Process/Analyze > Function-fit option.

· Use the function y=sin(bx+c)+d, and manual fit. 

· Does the function fit the data well? 

5. Investigate how changing the amplitude changes the period of the motion. Take care not to use too large amplitude. 
6. Investigate how changing the mass changes the period of the motion.
7. Place the velocity-time and acceleration-time diagrams in the windows on the screen. Both diagrams are available under the yellow Display Diagram button.
· What are the velocity and the acceleration values when the mass is at equilibrium position?   
· What are the velocity and the acceleration values when the mass is at maximum or minimum position?

8. For measurements with the force sensor. 
Predict how a plot of the net force on the mass versus acceleration of the mass would appear. Place the force versus acceleration diagram in the window on the screen. Compare this graph to your prediction.

Damped harmonic motion 

The damping can be described by a function - "envelope" that connects all maxima and minima of the damped oscillations. 

1. From the position-time graph create a new graph which connects the peak values for each oscillation. 

· Right click the x(t) diagram and select the Process/Analyze >Select/Remove Data option.

· As selection method select the Point-by-point method. 

· Select Keep selection.
· Select points by clicking all maxima. 

· Click OK. After clicking Yes only selected points appear on the screen.

Find the best fit for the new graph. 

· Right click the diagram window and the option Process/Analyze >Function-fit. 

· Find the best fit by using an exponential or linear function.

Which function does fit your data the best?

2. Investigate how changing the mass affects the rate at which a damped oscillator's amplitude decreases. 

3. Investigate how changing the size of damping card affects the rate at which a damped oscillator's amplitude decreases. 

Activity: Atwood's machine

Atwood's machine is a device created by the Reverend George Atwood in 1784 to help demonstrate the relation between force and acceleration. 
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In an ideal Atwood's machine, two unequal masses are attached to massless string that passes over a frictionless, massless pulley. 
The unequal gravitational forces acting on the two masses provide 
a constant force that accelerates both masses. The heavier mass accelerates downward, while the lighter one accelerates upward.

Assuming that the pulley and the string have no mass, there is no friction and the mass m2 is heavier then the mass m1 then the net force on 
the two-mass system is the difference in the weights
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The system of both masses (m1 + m2) accelerates with acceleration a so the motion equation of the two-mass system can be written 
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In this activity the smart pulley is used as Atwood's machine. Two masses are suspended from a pulley by a string. The spokes of the pulley block a light sensor as the pulley spins, generating pulses that can be counted. These counts are calibrated to give distance in meters.  

This activity uses an event-based measurement, which is triggered by a pulse on a counter input. Measurements are taken each time a pulse (event) is generated by the light gate. You are going to record a motion of masses and calculate the gravitational acceleration, g.

Objectives

· Measure the motion of masses. 

· Determine the acceleration of the two-mass system.

· Calculate the value of g. 
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Materials

· ULAB or CoachLab II/II+ interface
· Smart pulley

· Piece of thread and two weights with slightly different masses

Experiment Procedure 

1. Attach the smart pulley to the lab stand. 

2. Place the thread in the groove of the pulley. Fasten weight hangers to each end of the thread. 

3. Connect the smart pulley to input 1 of an interface. 

4. Open Coach 6 Activity Exploring Physics > Atwood's machine.

5. Place weights in hangers. Move the heavier weight up at least 40 cm above a table. Hold it to keep it from falling. 

6. Start a measurement by clicking the green start button. 

7. Release the weight. The measurement starts when the first pulse from the light gate is detected thus when the smart pulley starts to move. 

Analysis 

1. Determine the acceleration, a, of the two-mass system by using one of the methods. 

Method 1: Find the best fit for your measurement data by using the Process/Analyze > Function-fit option.

Method 2: Acceleration is the second time derivative of the position so use the Process/Analyze > Derivative option. 

2. Calculate the gravity g by using the motion equation.  

3. Compare the measured and theoretical value of g. How can you improve the reliability of your experimental value of g?

4. Record several position-time graphs using different weights.

Extra exercises (energy lost by friction in a pulley)

During the movement of the weights the mechanical energy (Umech = Ukin + UP) would remain constant if friction were negligible. In fact the mechanical energy will diminish because of friction. We neglect the rotation energy of the pulley. From the data and the following equations the relation between Umech and x can be deduced (x is the position of the mass m2):
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where h is the initial difference in height between the weights

Prepare the following graphs: 

· Graph 1: Ukin versus x

· Graph 2: Upot versus x

· Graph 3: Umech versus x

To enter formulas in columns, use the Formula Editor. 

· Is there a constant friction force during the experiment?

· Estimate the value of the friction force.

· The total energy can be expressed as U = Umech + Ffriction * x
Activity: Newton's law of cooling

As soon as a cup of hot coffee is poured, it begins to cool. After the long period of time, the temperature of the coffee stabilizes at the room temperature. 
The process of cooling is described by Newton's law of cooling
, which states that the rate of heat loss of a body by cooling is proportional to the difference in temperatures between the body and its surroundings (T-Ts). This can be expressed by 
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or since 
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This is a differential equation and its solution is: 
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where T0 is the initial temperature of an object at the time t=0. 

In this activity you are going to record the temperature during the cooling process of hot water and check the validity of Newton's law of cooling. 

Objectives

· Measure temperature during the cooling process of hot water.

· Check the validity of Newton's law of cooling using collected data. 

Materials

· ULAB or CoachLab II/II+ interface 

· Temperature sensor

· Beakers made from different materials, hot water
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Experiment Procedure 

1. Connect the temperature sensor to the input 1 of an interface.

2. Open Coach 6 Activity Exploring Physics > Newton's law of cooling.
3. First determine the room temperature. Hold the sensor in the air and read the measured temperature value. The actual measured temperature is displayed on the sensor icon on the screen panel.  
4. Place the temperature sensor inside a glass beaker with hot water.

5. Start the measurement by clicking the Start button and record temperature during the cooling process. 

Analysis

1. Check the validity of the Newton's law by using one of the following methods:
Method 1: Fit the exponential function to your data.  

Method 2: Plot a graph of the ln(T-Ts) versus time (t) as a body cools. This graph should give a straight line with a slope (-k). 

2. Find the experimental value of the constant k by using one of the methods described above. 
What do you think this constant represents? What unit would this constant have? 

3. Rate of cooling is expected to be inversely related to the heat capacity of the body. Is it true? Try with different masses and specific heats (use beakers made of different materials like metal, ceramic or Styrofoam).  

Extra exercises

1. Do the experiment again, but this time start with the temperature sensor in an ice bath and allow it warm up when removed from the bath. Explain the results. 

Activity: Boyle's law 

Volume, pressure and temperature are the variables that completely describe the macroscopic state of an ideal gas. For a fixed mass of gas the relationship between these variables can be expressed as 
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Imagine that the sample of gas is being compressed with the temperature staying constant. Then the product of pressure and volume of a gas remains constant as long as the temperature does not change.
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This relationship is called Boyle's law, after Robert Boyle, the seventeenth-century physicist who has first discovered this law.  

In this activity you are going to investigate the relationship between the volume and the pressure of air in the syringe. Assume that at room temperature and atmospheric pressure air behaves like an ideal gas. Because the air is closed in the syringe the quantity of gas remains constant throughout of the experiment. 

Objectives

· Measure the pressure and a volume of a gas at constant temperature.

· Explore the relationship between the pressure and volume of a gas. 

Materials

· ULAB or CoachLab II/II+ interface
· Pressure sensor

· Syringe
Experiment Procedure 
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Connect the pressure sensor to the input 1 of an interface. 

2. Attach the 20-ml syringe to the valve of the Pressure sensor via the plastic tubing. 

3. Open Coach 6 Activity Exploring Physics > Boyle's law.

4. First draw your prediction for the pressure vs. volume graph in the diagram. 

5. Click the Start button to start a measurement.

6. Assign tasks to members of your team. One controls the syringe and reads the volume; the other controls the computer.

7. Open the air lock. Move the piston of the syringe until it is positioned at the volume 10-ml 
(i.e. select a volume halfway along the scale). Close the air lock.

8. Click the Manual button. Type in the volume value. Click OK. The pressure has been measured.

9. Keeping the air lock closed, repeat the measurement for at least 7 different volumes.

Analysis

1. Compare your prediction with the measured values.

2. Find the relation between the pressure and Volume in the syringe. You can use two methods:

Method 1: Find the best fit for your measurement data by using the Process/Analyze > Function-fit option. 
Method 2: To confirm that an inverse relationship exists between pressure and volume, a graph of pressure versus the reciprocal of volume may be plotted. 

· Calculate the value of 1/V for all values from the table. 

· Make a graph of p versus 1/V. What do you notice about the smaller volumes (larger reciprocal volumes)? 
· Find the best fit for your data by using the Process/Analyze > Function-fit option. 
Extra exercises

1. For small volumes (large reciprocal volumes), the graph deviates from the theoretical graph. Explain this.

2. Using the Boyle's law the own volume V0 of the sensor can be determined. 
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· Calculate the value 1/p for all values from the table. 
· Make a graph of 1/p versus V. 
· Use the option Process/Analyze > Function-fit and fit the data with the linear function.
· Calculate the sensor own volume V0 from the linear function coefficients. 
Activity: Sound waves and beats

All sounds are produced by the vibrations of objects: in a piano or guitar by vibrating strings, in a flute by a fluttering column of air and in a human voice by vibrating vocal chords. 
In each of these cases, the original vibration creates a disturbance in the surrounding medium, usually air. The air molecules vibrate back and forth, parallel to the direction that wave travels. Thus sound waves are longitudinal waves, which consist of compressions and rarefactions. 
A longitudinal wave produced by a vibrating object can be represented by a sine curve. The crests of the sine curve correspond to compressions in the sound wave, and the troughs correspond to rarefactions. Because compressions are regions of higher pressure and rarefactions are regions of lower pressure, the sine curve represents the changes in air pressure due to the propagation of the sound wave that can be expressed:  
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where x represents changes in air pressure, A is the pressure amplitude and f is the frequency of a sound wave. The amplitude is closely related to the sound’s loudness. The frequency determines how high or low we perceive the sound to be, which is known as pitch. 

The sound sensor can detect the air pressure changes and convert them to an electrical signal. Using an interface and the computer this signal can be graphed and the sound waveform can be "seen". 

An interesting and special effect occurs when two tones of slightly different frequency are superposed. The loudness of the sound varies regularly in a beating way. This periodic sound variation is called beats. 
In this activity you are going to investigate sound waves and beats. 
Objectives

· Measure the frequency (period) and amplitude of sound waves from tuning forks.

· Observe beats between the sound of two tuning forks. 

· Calculate the beat frequency.
Materials

· ULAB or CoachLab II/II+ interface
· Sound sensor

· Tuning forks of two different frequencies, for example 440 Hz and 436 Hz.
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Experiment procedure - Sound waves
1. Connect the sound sensor to input 1 of an interface and place it near a tuning fork.

2. Open Coach 6 Activity Exploring Physics > Sound wave. 

3. Strike the fork with the rubber hammer. 

4. Start a measurement by clicking the Start button. 

5. Record the sound wave. 

6. Repeat the measurement for the second tuning fork. 


Analysis

1. Does a sine curve fit your experimental waveform? Fit a sine function to the data. 

· Right click the diagram window and select the Process/Analyze > Function-fit option.
· Use function y=sin(bx+c)+d.
2. Calculate the frequency of the waveform by using on of the methods:   

· Determine the time period from peak to peak and calculate the frequency 
(f = 1/T). You can get a much more accurate measurement by tracing across five or ten cycles and dividing.

· Determine the frequency by using the Fourier analysis under Process/Analyze > Signal analysis.

3. Calculate the amplitude of the wave by taking half of the difference between maximum and minimum p values.

Experiment procedure - Beats
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Repeat the instruction as for Sound waves and take data when the forks are sounding simultaneously. Strike forks equally hard and hold them the same distance from the sound sensor. 
Analysis

1. Explain the shape of the waveform graph. 

2. Calculate the beat frequency.

· Determine the period of beats as the time interval between two consecutive maximum values of amplitude and calculate the beat frequency from the beat period.

3. Calculate the frequency of the combined wave. 

· Determine the time period from peak to peak and calculate the frequency. 

Extra exercises

1. Add the waveforms recorded for both tuning forks. Compare the resulting waveform with the waveform of beats. 
2. For this experiment there is a very useful trigonometric relationship: 
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Consider the superposition of two sound waves of frequency f1 and f2, whose pressure changes are described by sin(2(f1t) and sin(2(f2t). 

· Explain the meaning of the resulting equation. 

· Which part of the equation shows the periodic variations of the combined wave? 

· Which part of the equation shows the amplitude variations (beats)?  

· How are the frequencies of these variations related to the individual frequencies that generate the beats? 

Activity: Sound speed 

The delay between a flash of lightning and the sound wave it produces, thunder, is caused by the sound traveling much slower than light. Sound traveling at about 330 m/s in air often takes several seconds to reach us from the location of the lightning. 


Sound also travels in solids and liquids. The speed of sound in a material depends on its elasticity. The speed of a wave depends on how quickly particles of the medium respond to each other's motions transmitting energy with little loss. In elastic materials the particles are relatively close and respond quickly. Solid materials are usually more elastic than liquids or gases. Sound travels about fifteen times faster in steel than in air, and about four times faster in water then in air. 

The speed of sound depends on the temperature of medium. As temperature rises, the faster-moving particles of the medium collide more frequently and therefore a disturbance can spread faster. In liquids and solids, the particles are close enough together that the difference due to temperature changes is less noticeable. 

Examples of sound speed in various media:  

air (0 (C) = 331 m/s 


air (25 (C) = 346 m/s
water (25 (C) = 1490 m/s

methyl alcohol (25 (C) = 1140 m/s 



steel = 5200 m/s


vulcanized rubber = 54 m/s


In this activity you are going to measure the speed of sound in air. The speed of sound can be measured using different methods. In this activity two methods are described. 

Measurement method 1 - Traveling time (recommended for CoachLab II/II+)
In this method you use the sound sensor and the 4-mm wires ended with the metal rods. 
One wire is connected to the red 4-mm socket (+5 V) and the other wire to the yellow 4-mm socket of the CoachLab II 4-mm input. 

The sound is made by giving a short, sharp tick between two metal rods. This is done at the 1-m distance in front of the sound sensor. 

The measurement is triggered at the moment of two metal rods make a connection. The sound sensor detects the sound after it travels down to the sensor. This traveling time can be read from the graph on the computer screen. From the known distance and traveling time the speed of sound can be calculated. 

Disadvantage of this method is that only the measurement of sound speed in air can be done. 

Measurement method 2 - Echo time 

In this method you use the sound sensor and a long cardboard or plastic tube (1-m long would be the best) closed from one side. The sound sensor has to be placed at the opening of a tube. The sound is made by snapping fingers next to the tube opening. The measurement is triggered at the moment of making a sound. 

The sound sensor detects the initial sound and its echo - sound reflected off the opposite end of the tube. The round trip traveling time can be read from the graph on the computer screen. From the known distance and traveling time the speed of sound can be calculated. 

In both methods the temperature sensor (or thermometer) has to be used to determine the room temperature. 


Objectives

· Measure how long it takes sound to travel a certain distance.

· Determine the speed of sound. 

· Compare the experimental found speed of sound with its theoretical prediction.
Materials

· ULAB or CoachLab II/II+ interface 

· Sound sensor and/or long wires with 4-mm plugs ended from one side with metal rods

· Temperature sensor 

· Long carton tube or 1-m ruler

Experiment procedure - Traveling time 

1. [image: image102.png]


Connect the sound sensor to input 1 of the CoachLab II interface. 

2. Connect the 4-mm plug of the first wire to the red 4-mm socket (+5 V) and the 4-mm plug of the second wire to the yellow 4-mm socket (signal) of input 3 of CoachLab II. 

3. Attach the metal rods to the wires.

4. Open Coach 6 Activity Exploring Physics > Sound speed - Traveling time. 

5. Place the 1-m ruler on the table and place the sound sensor at one side of the ruler. 

6. Start a measurement by clicking Start button. The recording is triggered, so the computer waits for the measured voltage signal to reach the trigger settings (default trigger value: 2.5 V and trigger direction: increasing).

7. Give a sharp tick between two metal rods at the other side of the ruler (1-m distance) in front of the sound sensor. 

8. The graph should appear on the computer screen. The recorded sound wave is the initial sound traveled down to the sound sensor. 

9. Measure the temperature of air by using the temperature sensor or thermometer. 

Experiment procedure - Echo time 

1. [image: image103.png]


Connect the sound sensor to input 1 of an interface. 

2. Open Coach 6 Activity Exploring Physics > Sound speed - Echo time. 

3. Measure the length of the tube. 

4. Place the sound sensor at the opening of the tube. 

5. Start a measurement by clicking Start button. The recording is triggered, so the computer waits for the measured sound signal to reach the trigger settings (default trigger value: 0.1 Pa and trigger direction: increasing).

6. Snap your fingers near the tube opening.

7. The graph should appear on the computer screen. The first peak is the initial sound the second is the first reflection, you can even have the third peak which would be the second reflection, etc.  

8. Measure the temperature of air by using the temperature sensor or thermometer. 
Analysis 

1. Calculate the speed of sound. 
· Determine the sound traveling time. 
Method 1: time between zero (triggering sound) and the start of the vibration.
Method 2: time interval between the start of the first vibration and the start of echo vibration. 

· Calculate the speed of sound. 
2. The speed of sound at atmospheric pressure at 0(C is 331.5 m/s. The speed of sound increases 0.607 m/s for every Celsius degree. Calculate the speed of sound at the temperature of your room and compare your measured value to the theoretical value. 

Extra exercises

1. Repeat your measurement of the tube opened from both sides. 
2. Use the tube technique to measure the speed of sound for different gases for example such as carbon dioxide (CO2) or helium. 
· Fill the tube with the experimental gas. Find the best way to do it. Be sure to flush air from the tube. 
· Is the speed of sound in the experimental gas lower or higher than in air? 
· Compare your measured value with the theoretical value. 

3. Use a metal bar (circa 1 meter long) to measure the speed of sound in a metal. Place the tip of the sensor against one side of the bar. Gently tap the bar from the other side. The sound sensor detects the initial sound and sounds reflected of the opposite end of the bar. Determine the time between the sound and its reflection. You can get a much more accurate measurement by tracing across ten cycles and dividing.  

· Is the speed of sound in the metal lower or higher than in air? 
· Compare your measured value with the theoretical value. 

Activity: Discharging a capacitor
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Electrical energy can be stored in a common device called a capacitor. For example a capacitor in the photoflash stores a large amount of energy slowly and releases it rapidly during the short duration of the flash. 
The simplest capacitor is a pair of conducting plates separated by a small distance, but not touching each other. The charge Q on a capacitor's plate is proportional to the potential difference U across the capacitor.  
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, where C is the capacitance of the capacitor. 

If the plates of a capacitor are connected by a circuit with resistance R, a current flows and capacitor is 'discharged'.

According to Ohm's law  
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The potential difference across the capacitor falls off exponentially with time. The time taken to decrease the charge by a factor 
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 is RC, called the time constant of the circuit. 

In this activity you are going to investigate discharging characteristics for a variety of capacitors. 

Objectives

· Measure the potential across a capacitor as a function of time as it discharges.

· Find an experimental time constant of the circuit.

· Compare the experimental constant with the theoretical value predicted from R and C values.  
Materials

· ULAB or CoachLab II/II+ interface
· Voltage sensor or 4-mm connecting wires and 4-mm to BT adapter (CMA art. nr 0520).  

· Capacitors (for example 10 μF, 100 μF and 1000 μF );

· Resistors (for example 10 kΩ, 22 kΩ);

· External 5 V DC power supply 

· Connecting wires
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 Experiment Procedure 

1. Set up the circuit (as shown, with the 100 μF capacitor and the 10 kΩ resistor).

2. A) Connect the voltage sensor to input 1 of an  interface, or
B) Connect 4-mm wires directly to 4-mm inputs or through the adapter from 4-mm to BT for BT inputs. 

3. Open Coach 6 Activity Exploring Physics > Discharging a capacitor. 
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Charge the capacitor, using the 5V output of an interface
 or using an external power supply. 

5. Start a measurement by clicking Start button. The recording is triggered, so the computer waits for the measured voltage to reach the trigger settings (default trigger value: 4.5V and trigger direction: decreasing). 

6. [image: image108.wmf] 

Remove the charging wire to allow the capacitor to discharge through the resistor. When the signal reaches 4.5V the measurement starts.

7. [image: image109.png]


Repeat experiment with another capacitor (10 μF). How do you think this change will affect the discharging process? 

Analysis

1. Find the RC-time of the circuit. (This is the product of resistance in ohms and capacitance in farads.)

Method 1: Fit the exponential function to your data. 
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Method 2: The natural logarithm of the equation describing the potential difference across the capacitor is 
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therefore a graph of ln(U) versus time should be linear. 

· Create a graph ln(U) versus time. 

· Find the slope of this graph by using the Process/Analyze > Slope option. 
What is the meaning of the slope?

2. Calculate the RC-time of the component values of the resistance and capacitance of the circuit and compare this theoretical value with your experimental one. 
Note that resistors and capacitors are marked with approximate values with a tolerance. How can this influence your data?
Extra exercises

1. Try different value resistors and capacitors. 

2. What is the effect of changing the capacitance of the capacitor on the way it discharges? 

3. What is the effect of changing the resistance of the circuit? 

4. Modify the circuit and the settings to measure the process of charging different capacitors.

Activity: Electromagnetic induction 
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Faraday and Henry both discovered that a potential difference could be produced across the ends of a wire by moving a magnet in or out of a wire coil. This is called electromagnetic induction.
This phenomenon can be summarized in Faraday law which states that the induced in a coil is proportional to the product of the number of turns in the coil and the rate at which the magnetic flux changes within the coil.
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Minus sign means that the direction of the induced voltage opposes the change that caused it. 

In this activity you are going to record the voltage across the ends of the coil wire induced by a magnet falling through a coil.
Objectives

· Measure the induced voltage due to the motion of a magnet falling through a coil.

· Investigate how the induced voltage is affected by reversing a magnet, changing the speed of magnet or using magnets of different strengths. 

· Find the change of magnetic flux during the magnet's fall. 
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Materials

· ULAB or CoachLab II/II+ interface
· Voltage sensor or 4-mm connecting wires when using the CoachLab II interface

· Coil(s) (for example coil with 1600 turns), magnet(s), plastic tube which can be put through the coil, retort stand

Experiment Procedure 

1. Place the coil on the plastic tube. 

2. Attach the plastic tube to the lab stand.

3. [image: image112.jpg]


Connect the voltage sensor to input 1 of an interface. When working with the CoachLab II/II+ interface you can use 4-mm connecting wires instead of the voltage sensor.
4. Connect electrical wires to the yellow and black sockets
 of input 3 (this setting is shown on the picture, also Coach activity is prepared for such a measurement). 

5. Open Coach 6 Activity Exploring Physics > Induced voltage. 

6. [image: image113.png]


Start a measurement by clicking Start button. In this experiment triggering is used. Although the experiment is finished within half a second, the induced voltage can be recorded. This is one of the advantages of triggering. The program starts to record a graph only when the trigger conditions are met (the default trigger level: 0.3V and the trigger direction: increasing.) 

7. Drop the magnet through the plastic tube. 

8. The measurement starts when the voltage signal reaches 0.3V, thus when you drop the magnet. 

· [image: image114.wmf]If a value of the trigger level is too closed to zero recording can be started by noise of the signal. For this reason select the trigger level value not too close to zero. 

· If the trigger level is set above the maximum (or below the minimum) voltage level of the signal then recording will never be started automatically. It is good exercise to change the trigger condition and observe its effect.

Analysis

The signals before and after the peaks may not be centered on zero volts. If so, there is slight offset in the voltage sensor. This does not affect your qualitative answers, but offset should be corrected for in calculations. 

1. Explain the shape (positive and negative peaks) of the recorded signal.

2. Explain why the peaks are not symmetric. 

3. At which moment was the magnetic flux changing most quickly? 

4. What was the total change of magnetic flux during the first half of the magnet’s fall - while it was moving in to the coil?

· To find this value use either the Process/Analyze > Area option or the Process/Analyze >  Integral option.

5. What was the total change of magnetic flux during the second half of the magnet’s fall - while it was moving out of the coil?

Extra exercises

1. Turn the magnet 180 degrees and investigate the effects on the measurement. Explain results.  

2. Modify the angle of the plastic tube and investigate the effects on the measurement. Explain results.

3. Use magnets with different strengths and repeat the experiment. Explain how the strength of the magnet affects the induced voltage.  

4. Use two or three coils in series. Explain the shape of the induced voltage.  

5. How could you change your experiment to increase the magnitude of the signal?

Activity: Ohm's law 

The Ohm's law, formulated by Georg Simon Ohm in 1827, tells that the current flowing through a metal conductor is directly proportional to the potential difference across the conductor 
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The ratio of the voltage to the current (U/I) is called resistance R. 


Ohm's law is valid only for certain materials called ohmic materials. A graph of current versus potential difference for an ohmic material is linear (resistance is constant). Materials that do not function according to Ohm's law are said to be non-ohmic. A graph of current versus potential difference of such material is nonlinear (resistance varies). 


In this activity you are going to test Ohm's law. 

Objectives

· Determine the relationship between current and potential difference in a simple electrical circuit. 

· Determine resistance values from the U(I) graphs. 

· Compare the U(I) characteristic of a resistor and a light bulb.

Materials

· ULAB or CoachLab II/II+ interface 

· Voltage sensor 

· Differential current sensor

· Resistors (for example 33 Ω, 68 Ω, 100 Ω)

· Light bulb

· For extra exercises LEDs and diodes

· Adjustable 0-5 V DC power supply 

· Connecting wires

Experiment Procedure 

1. [image: image115.jpg]5




With the power supply turned off set up the circuit as shown on the picture (use 33Ω resistor). Attach the red plugs electrically closer to the positive side of the power supply. Have your teacher check your electrical circuit before you turn on the power supply. 

2. Connect the voltage sensor to input 1 and the current sensor to input 2 of an interface. 

3. Open Coach 6 Activity Exploring Physics > Ohm's law. 

4. Turn the power on. Turn the voltage to 0 V. 

5. Start a measurement by clicking Start button. The recording is triggered, so the computer waits for the measured voltage to reach the trigger settings (default trigger value: 0.2 V and trigger direction: increasing). 

6. Slowly increase the voltage to 5V. The measurement starts when the voltage signal reaches 0.2V. Save your data. 

7. Repeat the experiment using different resistors. 

8. Replace the resistor with a 6-V light bulb. Repeat the measurement?

Analysis

1. How you describe relationship between measured voltage and current for resistors? And for the light bulb? 

2. Do your resistors follow Ohm's law? 
The option Process/Analyze > Function-fit may be helpful in checking the linearity of U versus I graph.  
3. Determine the resistance value of the resistor used in the circuit. The option Slope enables to find this value.

· Compare your experimental value of the resistance with the resistance value given on the resistor. 

· Note that resistors are marked with approximate values with a tolerance. Find the tolerance of the resistors used in the experiment
. Calculate the range of values for each resistor. Does the constant determined in each of your measurement graphs fit within the range of values for each resistor?

4. Does the light bulb follow Ohm's law? 

· Describe what happened to the current through the light bulb as the supplied voltage increases. 

· Find out how the resistance value varies when the supplied voltage increases. You can calculate the resistance values (R=U/I) and display it on the graph R versus I.  
Extra exercises

1. Investigate Ohm's law for reverse currents in resistors. 

2. Investigate the behavior of other electrical components as diodes and LEDs. 
Do they follow Ohm's law? 

3. The component behaving is often described with help of its I(U) characteristic (graph of current through a component versus the potential difference across the component). 
Use your data and create characteristics of electrical components used in this experiment. 

Activity: Monitoring a background and radiation of radioactive materials

If the GM sensor is set up far away from any radioactive sources it still detects pulses occasionally. This is due to the so-called 'background' radiation that is a result of radiation that occurs naturally from cosmic radiation, geophysical radiation, inherent material radiation, etc. 
The level of background radiation is usually very low, but it does vary from place to place. 

Since the background radiation is present in all experiments with the GM sensor, it should be measured and subtracted from the experimental readings for these to be reliable. 

Measurement of the background radiation illustrates another feature of the counting of pulses from radioactive sources. The emission of particle by radioactive nuclei is a completely random process. 
If a GM tube is placed near a radioactive source, the number of counts N in a time interval t will exhibit random fluctuations with repeated trails of the same measurement. The most likely value of the counting rate would be the mean value 
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 while the amount of "spread" about the mean is given by the standard deviation 
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. If the measurement is repeated a large number of time, the standard deviation has the special property of being equal to the square root of the mean 
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The way to increase the accuracy is to measure more events (i.e. to choose a long running time).

In this activity you are going to measure a background radiation and radiation of beta and gamma radioactive sources. 

Objectives

· Measure a background radiation. 

· Measure a radiation of radioactive materials like gas lantern mantel.  

· Observe the random nature of the radiation process. 
Materials

· ULAB or CoachLab II/II+ interface 

· GM radiation sensor

· A radioactive source 
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Experiment Procedure 

1. Connect the BT connector of the GM sensor to a counter input of an interface.

2. Open Coach 6 Activity Exploring Physics > Monitoring radiation.

3. Mount the GM sensor. 

4. Start the measurement by clicking the Start button.

5. Record a counting-rate (number of counts per minute) for a background radiation. Save the result of this measurement. 

6. Place a radioactive source below the GM sensor. 

7. Start the measurement by clicking the Start button. 

8. Record a counting-rate (number of counts per minute) for a radiation of your radioactive source.

Analysis

1. Do you observed the random nature of a radiation? What would you consider convincing evidence for it?  

2. Determine a background counting rate. 

· Determine the mean value of the counting range by computing the arithmetic average value. 

· Compute the standard deviation of the mean.  

3. Determine a radiation rate of your radioactive materials. 

· Determine the mean value of the counting range by computing the arithmetic average value. 

· Compute the standard deviation of the mean.   

Extra exercises

1. To show the random nature of the radiation you can plot a graph of the number of times each count was obtained against the counting-rate values recorded. 

Activity: Radioactive decay and half-life determination 

Radioactive isotopes decay at different rates. Radioactive decay can be expressed with the following formula: 
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where ( is the decay rate constant. The decay constant is characteristic for a given radioactive species and isotope, and can thus be used to identify the contents of a radioactive sample. 

The radioactive decay is measured in terms of a characteristic time, the half-life. The half-life is the time required for half of the atoms present to decay. A linear plot of the natural log of the decay rate versus time can be used to determine the half-life of an isotope.
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Each isotope has its own half-life. Some are very unstable and have half-life of less than a second. Others have very long half-life of thousands, or even millions of years. Protactinium (Pa-234m), with its half-life time of just 1.17 minute, makes an ideal radioactive material for this experiment (the source should be strong enough at the beginning). 

A Protactinium generator consists of a small plastic container hermetically sealed by a thin-walled plastic cap. A container consists of an aqueous solution of uranyl nitrate in the lower layer and an organic phase (ketton) in the upper layer. By shaking the generator is activated: the two phases are mixed and are allowed to separate again. Due to the better solubility of the short-lived Protactinium in organic solvents, the isotope is enriched in the ketton phase. The fade away of the nuclide can be followed using the GM sensor. 

In this activity you are going to measure a nuclear decay of a Protactinium. 

Objectives

· Measure nuclear decay.

· Determine the decay constant. 

· Calculate the value of half-life. 
Materials

· [image: image117.jpg]


 ULAB or CoachLab II/II+ interface 
· Geiger-Muller radiation sensor 

· Protactinium generator

 Experiment Procedure 

1. Connect the BT connector of the GM sensor to a counter input of an interface.

2. Mount the GM sensor above the isotope generator as shown on the photo. 

3. Open Coach 6 Activity Exploring Physics > Radioactive decay.

4. When you use Protactinium generator give it a shake. 

5. Start the measurement by clicking the Start button. Plot the rate (counts per minute) versus time. Do not move the GM sensor or the sample while taking a data.

Analysis

1. To improve the quality of your data you can subtract the background radiation.

2. It is usual for the results to look noisy. Can you explain why? 

3. Determine the decay constant by using one of the following methods: 

Method 1: Fit an exponential function to your data. 

Method 1: Plot a graph of ln(N) versus time and find the slope of the straight line. 

4. Calculate the half-life value. 

5. Repeat the measurement at least few times, determine the average of the half-life values from all measurements and calculate the standard deviation. 

6. Compare the average half-life with the theoretical value of Protactinium half-life. In the literature the Protactinium 234m half-life is 1.17 minute.

Activity: Characteristic of the Geiger-Muller tube 
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To detect the radiation the Geiger-Müller tube can be used. The GM tube is simply a gas-filled tube with a straight central wire (anode) which is connected to a high positive voltage compared to the outer cylinder (cathode). When a beta particle or gamma photon enters the tube, some of the atoms of gas within become ionized producing electrons and positive ions. These charges are accelerated by the voltage toward opposite electrodes causing further ionization so that when the electrodes are reached a voltage spike is registered by a counter. 

Every GM tube has a characteristic response of counting rate versus voltage applied to the tube. 

The region on the GM tube plateau curve where the number of counts changes minimally is called Geiger Plateau. This plateau is used to determine the optimum operating voltage of the tube. 

The CMA GM sensor (art. nr 029) leans itself admirably for the purpose of investigation the characteristic of the Geiger-Müller tube. The sensor contains a halogen quenched GM-counter tube which detects beta and gamma radiation with energies above 0.4 MeV. 

By default the GM tube of the sensor operates at approximately 500V. The high voltage (so-called operating voltage) applied to the GM tube can be varied and measured precisely. For such measurements the yellow output (HV Monitor) of the sensor is used. On this output the operating voltage is scaled down by a factor 200 (to the range from 1.5 to 3.25V at impedance of 1.5 k(). 

By pressing the red button on the sensor the operating voltage range between 300 and 650V is automatically swept. 

In this activity you are going to measure a characteristic of the GM tube used in the CMA GM radiation sensor (CMA art. nr 029). 

Objectives

· Investigate the relation between the operation voltage applied to the GM tube and the number of counts registered by the tube. 

· Determine the plateau region of the GM tube characteristic. 
Materials

· ULAB or CoachLab II/II+ interface
· 4-mm to BT adapter (CMA art. nr 05120) for measurements with the ULAB datalogger

· The GM radiation sensor (CMA art. nr 029)

· Radioactive source for example gas lantern mantle

Experiment procedure 
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Connect the BT connector of the GM sensor to a counter input of an interface. (For CoachLab II and ULAB this can be input 1). 
2. [image: image121.png]


Connect the yellow 4-mm output, at the left side of the sensor, to an analog input of an interface. For CoachLab II directly to the yellow socket of input 3.
For ULAB to the yellow socket of the 4-mm to BT adapter that is connected to input 2 of ULAB. Through this input the operating voltage applied to the GM tube is measured.

3. [image: image122.jpg]


Open Coach 6 Activity Exploring Physics > Characteristics of the GM tube. 
4. Place a radioactive source below the GM sensor. 
5. Start a measurement by clicking Start button. The recording is triggered, so the computer waits for the measured operating voltage to reach the trigger settings (default trigger value: 330 V and trigger direction: increasing). 
6. [image: image123.jpg]


Press the sweep (red) button to start the automatic sweep mode. It takes 10 minutes to sweep the operating voltage range from 300 to 650V.
 When the voltage reaches the value of 330 V the measurement is started. 

Analysis

1. To improve the quality of your data you can subtract the background radiation
. 

2. Find the plateau curve for your GM sensor tube.
· At what value does the plateau start? 
· At what value does the plateau stops? 
· How the counting-rate changes between these values? 
3. Is any particular value of the counting-rate the 'correct' one? 
4. In what region is the counting-rate very likely to be incorrect?
What happens when the operating voltage increases significantly (above the nominal 500 V level)?

6. Mathematics: Growth of Dutch Children

An eye-catching characteristic of children is that they grow. Height growth and increase in weight are examples of growth processes that fascinate parents and children. Frequently asked questions are: 

· “Has my child normal height and weight?”

· “How tall will I be?” 

· “Am I too fat or too thin?” 

To answer such questions one needs data. The growth data of Dutch children are regularly collected since 1955. The last growth study dates has been held in 1997 and the most remarkable results of this study have been discussed recently in newspapers. 

In this project you are going to: 

· get acquainted with the results of a recent study of growth of native Dutch (Activity 1);

· learn to process and analyze data with the computer program Coach (Activity 2 and 3);
· carry out a small investigation about body growth (Activities A, B, C or D). 

Activity: The Dutch Growth Study of 1997

The Dutch Growth Study of 1997 received much attention in scientific supplements of newspapers
. The data from the article "Hoe langer hoe dikker" of Wim Köhler in NRC Handelsblad of March 4, 2000 (in Dutch) are used in this activity. This article contains a diagram of the growth of Dutch boys and girls, as shown on the next page. 

In this article there is next to the diagram the statement that children usually grow along a curve that is parallel to the average growth curve. In the diagram you read off many things about height growth of boys and girls: for example, that a child usually reaches half its final stature after two years. What do you find out about height growth from this diagram (without calculations)? 
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· Open Coach 6 Activity Mathematics Activities without Interface > The Dutch Growth Study of 1997. Both diagrams are included in the Activity. 

· There has been a mistake on the horizontal axis of the diagram 2: the label 1980 appears twice. What are the correct years along the horizontal axis? How did you arrive at your answer?

· Estimate the increase of final stature of boys and girls in the period 1980-1997.

· Use the above figure to explain why professor Wit has the opinion that it is true that the increase of final stature flattens but that the increase is not expected to stop in the next twenty years.

· Why is the value of the height increase in the period 1980-1997 different from the height increase per generation (estimated value in the 1997 growth study: 4.5 cm)? 

Activity: Mean Height Growth
In this activity you use the data from the Dutch growth study in 1997 to study the average height and increase of height of boys and girls. The goal is to find points in common and differences in growth of boys and girls. 

Research Questions

· How does the height of Dutch boys and girls change in the age range 1-21 year? 

· What points in common and differences exist?

Assignments

The first part of the task is mainly meant to learn how to work with tables and diagrams. Hereafter are some questions that deal with the research questions. 
1. Open Coach 6 Activity Mathematics Activities without Interface > Mean Height Growth.
2. You need data to answer the above research questions. On the next page are the growth data of the 4th nation-wide Dutch growth study in 1997. These data have been placed in a text window inside the Coach activity.
	Age
(years)
	Height boys
(cm)
	Height girls
(cm)
	Age
(years)
	Height boys
(cm)
	Height girls
(cm)
	Age
(years)
	Height boys
(cm)
	Height girls
(cm)

	1
	76.6
	75.1
	8
	132.8
	131.5
	15
	174.4
	167.1

	2
	88.9
	87.5
	9
	138.3
	137.5
	16
	178.7
	168.6

	3
	98.1
	96.7
	10
	143.2
	143.3
	17
	181.3
	169.3

	4
	105.8
	104.5
	11
	148.2
	149.2
	18
	182.6
	169.8

	5
	113.1
	111.8
	12
	154.0
	155.3
	19
	183.2
	170.2

	6
	120.1
	118.7
	13
	160.9
	160.8
	20
	183.6
	170.5

	7
	126.6
	125.2
	14
	168.2
	164.7
	21
	184.0
	170.6


3. Construct from the data a table with which one can really compute and that can be displayed as a data plot. The empty table is already present to be filled. Hereafter you display the table as a diagram.
4. Fill the Coach table manually or by using the Copy and Paste options.  

Method 1: Manual

· Press the green Start button. 

· Press the green Manual button to add one data point.

· Enter the data of the first row and Press OK
· Press again the green Manual button and repeat the previous steps until the table has been filled completely.

· Finally press the red Stop button to finish the filling of the table.

Method 2: Copy and Paste 

· Select all growth data in the text window and copy them. 

· Place the cursor in the upper left entry point of the table and paste the data into the table, and remove superfluous rows in de table. 
For copying and pasting you can use options available via the Tool menu. Alternatively you can use the shortcut <Ctrl> + <C> and <Ctrl> + <V>. 

5. Create the data plot of the table.

· Right click the table pane and select Display as a diagram, click in a pane to place the diagram). 

· Right click the new diagram pane and select Create/edit diagram…. 
· Click successively on C1,..., C8. Change the diagram style by using various colors, symbols, and line styles for the graphs. Display the grid in the diagram window.
· Zoom to fit so that the graphs fit inside the window.
6. Up to what age (after birth) are boys usually 1-1.5 cm taller than girls are?
7. What is the largest mean height of boys? And of girls?
8. At what age are girls usually somewhat taller than boys are?
9. Draw the graph of the difference of height of boys and girls (with its own vertical axis). You do this as follows: 

· Select Create/edit diagram… 

· Click on the 4th column (C4).
· Choose as connection Formula.
· Choose as axis Second vertical.
· Click in the formula text region and press the Formula Editor button.
· Click successively on height boys, on the arithmetic operation and on height girls.
· Take quantity: difference, and unit: cm.
· Press OK.
· Zoom to fit the graphs. 
Do you understand the diagram and especially the use of two vertical axes?

Increase in height 
Growth is a process of change. That is why physicians are not only interested in the height of a boy or girl, but also in the increase of height in successive periods of time. The growth rate is the change of height per time unit. The heights of two moments of measurement are subtracted from each other and divided by the time interval. In our case, the time unit is one year and the height is expressed in centimeters; so, the growth rate is expressed in cm/yr. Its value is equal to the increase of height in successive years. The growth rate turns out not to be constant during child development and turns out to be different between boys and girls. You are going to investigate this. Let us first compute the change of height in successive years and plot it in an increase diagram. You do this by extending the diagram (and the table). 

1. Change the diagram by adding the increase diagram of height (with its own vertical axis).  
A change of a quantity X can be defined in Coach as the formula Delta(X). 
· Select Create/edit diagram…
· Click on the 5th column (C5).
· Choose as connection Formula.
· Choose as axis Second vertical.
· Click in the formula text region and press the Formula Editor button. 

· Click successively on the arithmetic operation Delta() and on height girls.

· Take quantity: height increase, and  unit: cm.
· Press OK.

Look at the result. Notice that Coach places the height increase in the 5th column one entry higher in the table than the authors of the mathematics textbook do in an increase table. Hence, the graph of Delta(X) is not exactly the same as the increase diagram of X in the textbook (an increase is associated in Coach with the left-hand side of a segment, instead with the right-hand side).
2. Continue to work with the table and the diagram. 

· Make the first two graphs invisible and afterwards visible again.

· Investigate what happens when you zoom in and out.

· Also add the increase diagram of height of girls by extending the table.

The table and the diagram are rather messy now, but you already know how you can make columns temporarily invisible or how to remove them. The rest you can figure out yourself.

3. In the beginning the annual increase of height decreases. In what age period do boys grow faster each year? And girls?

4. At what age do boys usually stop growing in height? And girls?

5. At what age become differences in growth rate between boys and girls noticeable?

6. In what age period do girls grow faster than boys do?

7. At what age reach teenage boys and girls usually their peak growth rate? Who grows fastest then?

8. Give a short general description of height growth of boys and girls. Distinguish several phases of growth and mention points in common as well as differences in body growth of boys and girls.

Activity: Secular Height Growth in 1980-1997
One understands by secular growth or secular changes of growth the changes in the development of children from one generation after another. In this activity you use the data from the Dutch growth studies of 1997 and 1980 to study the changes in average height of boys and girls in the period. 

Research Question

What changes in average height and in increase of height of boys and girls took place in the period 1980-1997?  Formulate and underpin your conclusions.

You need data to answer the above research question. On the next page are the growth data of the 3rd and 4th nation-wide Dutch growth studies of 1980 and 1997, respectively. 

	
	Data 1980
	Data 1997

	Age
(years)
	Height boys
(cm)
	Height girls
(cm)
	Height boys
(cm)
	Height girls
(cm)

	1
	76.4
	74.8
	76.6
	75.1

	2
	88.6
	87.7
	88.9
	87.5

	3
	98.2
	97.0
	98.1
	96.7

	4
	105.7
	104.8
	105.8
	104.5

	5
	112.4
	111.9
	113.1
	111.8

	6
	118.8
	118.3
	120.1
	118.7

	7
	125.0
	124.4
	126.6
	125.2

	8
	131.0
	130.4
	132.8
	131.5

	9
	136.6
	135.8
	138.3
	137.5

	10
	142.2
	141.4
	143.2
	143.3

	11
	147.3
	147.2
	148.2
	149.2

	12
	152.1
	154.4
	154.0
	155.3

	13
	157.5
	160.6
	160.9
	160.8

	14
	165.8
	164.0
	168.2
	164.7

	15
	173.2
	166.4
	174.4
	167.1

	16
	177.4
	167.7
	178.7
	168.6

	17
	179.6
	168.0
	181.3
	169.3

	18
	180.9
	168.2
	182.6
	169.8

	19
	181.8
	168.3
	183.2
	170.2

	20
	182.0
	168.3
	183.6
	170.5


These data have been placed in a text pane inside the Coach activity. 

Assignments

1. Open Coach 6 Activity Mathematics Activities without Interface > Secular Height Growth in 1980-1997.

2. Place the growth data in the table that has been prepared already inside the Coach activity. Then, at the background, tables with data about boys only have been filled, too (see under the yellow Display Table button).

3. Select the diagram Height Growth Table 1980 and 1997 that contains the graphs of height of boys in 1980 and 1997.

4. Plot in the same diagram the difference between the heights; use a second vertical axis.

Because table and diagram may become full and messy rather soon, it is convenient to make several diagrams with the same growth data. In this way you can display various results at the same time, in a well-organized way in separate windows. 

5. Make a new table for boys:

· Press the yellow button Display Table and choose New Table.
· Give the table a name, say Height Boys (copy)

· Take for C1: Manual input: age
· Put in C2 and C3 the data of the boys, according to the growth data of 1980 and 1997, respectively. 

· Also add the height increases and the difference in height increase between these generations. Do not forget to enter the name, quantity, and unit. 

· Make the 2nd and 3rd column with the height data invisible in the table.

· Display the table as a diagram. The diagram pane contains the graphs of the height increase of 1980 and 1997, as well as the graph of the difference.

6. Answer the following three questions:

· Up to what age is there hardly any difference in height and in increase of height between the years1980 and 1997?

· What is the final difference in height and when has this value been reached already? Use the increase diagrams to explain in plain words the differences in height growth.

7. Redo the above exercises with the growth data of 1980 and 1997 for girls and answer the same questions.

8. Do there exist differences in secular growth between boys and girls in the period 1980-1997? If so, what differences?

Activity A: Growth Charts of Native Dutch Children

In this activity you get acquainted with the growth charts of native Dutch children and the mathematical terminology that comes along with the diagrams. You learn how these diagrams are made, what they mean, and how they are used.  You use them to compare your own stature and weight with a peer group. 

You will also compute your target height on the basis of parental data and you will check whether you are growing in this direction. For this part of the task you need to now the height of your biological. Ask them at the same time whether they still have growth data of you in early childhood; then you can study your own growth chart! This makes the task much more interesting. 

Many data of 14.507 native Dutch children and 5759 Turkish and Moroccan children have been collected in the 4th nation-wide growth study of 1997. Important anthropometric variables, which are used to construct growth charts, are:

· height; 

· weight;

· head circumference;

· the pubertal stage.

In the attachments there are four growth charts of healthy native Dutch children in the age range 1-21 year. These diagrams are drawn together on a single graph sheet, one for boys and one for girls. A family doctor can use this sheet as a screening tool to identify growth problem of boys and girls. The four diagrams are: 

· height-for-age;

· weight-for-stature;

· pubertal stage-for- age;

· head circumference-for-age.

Some parts in these diagrams are shaded and there are all kinds of labels such as TH and P10 that must be explained. We do this using the growth charts of Dutch girls, but most mathematical notions can be used for any growth diagram.

Height-for-Age  

Percentiles and standard deviation scores

It is customary to place height values on percentiles. Seven percentiles have been drawn in the height-for-age diagram; they are labeled P0.6, P2, P16, P50, P84, P98, and P99.4. Under the 2nd percentile P2 is 2% of the population of the same age and gender. You may interpret this in many ways:

· In a random sample of 1000 girls of the same age, about 20 children will have a height that is less than the P2 value. 

· If the height of a child is less than P2, than at least 98% children of the same age and gender are taller.

Per definition, 50% of the children of a given age and height are taller than the P50 value; 50% of the children of a given age and gender have a height less than P50 value. The P50 value is also called the median. The P25 value and P75 value you may know under the name 1st quartile and 3rd quartile.  You often meet these names in statistical processing of measured data. They are a measure of the dispersion in a statistical distribution. 

Assignment 1

Basketball players are in general very tall. You may wonder if they are already tall from childhood on? As an example, we study the growth data of the American star player Shaquille O’Neal. His growth data can be found on the web site: www.shaq.com. We have converted the data into metric units in the table below.

	Age(yr)
	4
	6
	8
	10
	12
	16
	21
	25

	Height (cm)
	118
	131
	144
	161
	178
	201
	216
	216

	Weight (kg)
	25
	37
	49
	63
	87
	120
	137
	141


1. Put the data of this basketball player in the weight-for-age diagram and in the weight-for-length diagram for boys.

2. What can you about the body growth of van Shaquille O’Neal as a result of the two growth curves?

3. If you know your own personal growth data, put them in the growth diagram and compare your growth with the mean data of Dutch boys and girls. 

There are three shortcomings attached to the use of percentiles in the height-for-age diagrams:

· You cannot use percentiles very well for extremely low or high values.

· Percentiles are not equidistant. For example, the shift from P10 to P20 (in cm) is much bigger than from P20 to P30.

· Percentiles are not fit for expressing deviations in a growth curve in measure and number.

In order to meet these shortcomings, the World Health Organization (WHO) decided not to use percentiles anymore as a base for the curves in a growth chart, but to base them upon standard deviation scores (SDS, also called z-scores). Herein one uses mathematical notions like mean value and standard deviation (SD). You can read them off in the height-for-age diagram: for the mean height you may use the P50 value and the standard deviation is the difference between the percentiles P50 and P84. The standard deviation for girls of age 20 is about 6.5 cm (check this in the diagram in the attachment). The height-standard deviation score  (height-SDS)
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is the deviation of height, expressed in the number of standard deviations that the height differs from the mean value for the population.

An example: A Dutch girl of age 15 and height 150 cm is very short for her age (mean length at this age is 167.1 cm with standard deviation 6.6 cm). In the height-for-age diagram you can read off that her height is under P0.6 . Her height-SDS is:
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We say that the height of the girl is 2.59 SD below the mean value for her age. 

One considers as “normal range” for height growth the range between -2 and 2 SD (i.e., between P2 and P98). This region is shaded in the attached growth chart. These diagrams also contain curves at –2.5 SDS (P0.6) and +2.5 SDS (P99.4). The reason is that the Dutch pediatric organization has reached the consensus that a family doctor should always refer a child to a pediatrician for further medical examination if the child has a height that is less than  –2.5 SDS. A height greater than +2.5 SDS is no immediate cause for referring to a specialist.

Assignment 2

1. What is your present height and height-SDS? Is your height in the normal range?

2. What minimal height should you have reached at the age of 15 so that you are not referred to a pediatrician?

3. What is the present height-SDS of Shaquille O’Neal according to Dutch standards? 

4. What height-SDS does Shaquille O’Neal have at present according to US standards? (From the NHANES-III growth study, non-Hispanic black: mean final stature 176.5 cm, standard deviation 7.6 cm.)

Height expectation: target height and target range

On the right-hand side of the height-for-age diagram you see the labels F, M, and TH. They label the height of the biological father (F), of the mother (M), and the target height (TH). The target height is the height that a child should reach on the basis of its genetic potential. You get a simple formula for the target height by writing it as a sum of three contributions:

· The mean parental height;

· The final height of males and females is different: the contribution is ½  height difference;

· The expected increase of height for the next generation.

Assignment 3

The increase of the final stature for the next generation is estimated in the 1997 growth study as 4.5 cm. The difference between final stature of males and females you can read off from the attached growth charts. Round down the height difference and show that you get the following formulas:
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where HF and HM denote the height of the biological father and mother, respectively. 

Using the mean final stature and the standard deviation of adult men and women (184.0 ± 7.1 and 170.6 ± 6.5 cm, respectively) it is possible to compute the target height SDS (TH_SDS). The formulas for Dutch children are:
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The target range is the range around the target height in which healthy children are expected to reach their final stature.  Consensus is that the target range is 1.3 SD above or below the target height, which means for Dutch boys about 9.2 cm and for girls 8.5 cm. For practical reasons this values is set to 9.0 cm for both boys and girls. 

An example: A Dutch girl of age 15 and height 150 cm, whose father is 185 cm tall and whose mother is 175 cm tall, is:
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The height-SDS of this girl we have computed before -2,59 and this differs  -3.34 (= -2.59 – 0.75) from the TH_SDS. The height of this girl is far outside the target range. 

Assignment 4

If you know the height of your biological parents you can compute your target height (TH) and TH_SDS. Do this and check whether your present height is inside the normal range.

Identifying growth problems

A growth chart is used to compare the body growth of an individual child with a peer group of healthy children. In particular, family doctors and other workers in primary health care use the height-SDS and TH-SDS to identify growth problems. Consensus is that there is no growth problem if:

· The height-SDS is greater than –1.3 (P10) and
· The growth curve does not deviate (i.e., no deviation greater than 0.25 SDS per year in three successive measurements, with a time interval of at least six months) and 
· The height-SDS minis TH_SDS –1.3 (the height is inside the target range).
Assignment 5

Plot the following data in the attached growth chart of boys (height of father and mother is 185.0 cm and 170 cm, respectively): 

	Date
	Age (year+month)
	Height (cm)

	07-04-1992
	1 +   0
	79.2

	09-03-1993
	1 + 11
	88.5

	01-02-1994
	2 + 10
	97.9

	07-02-1995
	3 + 10
	105.5

	05-04-1997
	6 +   0
	121.5

	06-10-1997
	6 +   6
	123.9

	11-04-1998
	7 +   0
	126.0

	03-10-1998
	7 +   6
	127.5

	09-04-1999
	8 +   0
	129.1


Do the above data indicate growth problems? Underpin your conclusions.

Weight-for-Stature, Weight-for-Age, BMI-for-Age  

In the attachments you find a gender specific weight-for-stature diagram. It is used as a screening tool to identify children that do not weigh as much as you may expect from their height. This may indicate serious weight problems because of acute undernourishment, dehydration, genetic disorder, an infectious disease, or a combination of such factors. Problematic in the weight-for-stature diagram is that age does not play a role; only weight and height are used. Especially puberty should be taken into consideration in the weight-for-stature diagram. Therefore you see in the weight-for-stature diagram that a distinction is made between weight-for-stature graphs before and after the age of 16 yr. 

Assignment 6 

Use the attached height-for-age diagram and weight-for-stature diagram for boys.

1. Estimate the age at which a healthy Dutch boy usually reaches half his early adult weight? Do you recall at what age a boy usually reaches half his final height?

2. Estimate the standard deviation score for a boy of height 139 cm and weight 35 kg.

3. A healthy Dutch boy weights 69 pound. Estimate his age, if you have no further information?

A weight-for-age diagram can be used as a screening tool to identify under- or overweight and a lag in body development. Problematic in the weight-for-age diagram is that height does not play a role; only weight and age are used. At a given age short children are expected to have a lower weight, and taller children are expected to be heavier. But this does not manifest itself in the weight-for-age diagram. Therefore, it is normally only used in the first 15 month after birth of children.

There exists a 3rd growth diagram that contains all three body parameters (age, height, and weight): the body mass index (BMI, also called Quetelet index). It is defined as weight (in kg) divided by the square of the height (in m) and it is plotted in relation with age. The BMI values of children usually range from 12 to 27 kg/m2. As for the weight-for-stature diagram, there is the shortcoming that puberty is not taken into account. Alas, for BMI there is no standards known that take into account pubertal phases. BMI-values are used to identify underweight and much more often to identify overweight and obesity. The following weight classes are used for adults:

	BMI in kg/m2
	Weight class

	< 18.5
	underweight

	18.5 – 24.9
	ideal weight

	25.0 – 29.9
	overweight (pre-obese)

	30.0 – 34.9
	obese class I

	35.0 – 39.9
	obese class II

	> 40
	obese class III (life threatening)



By the way, all growth charts that involve weight are much more complicated because the statistical distribution is not symmetric around the median anymore. For example, in the BMI-for-age diagram for girls at the age of 22 year the distance between the median and the +2 SDS-line is twice as large as the distance between the median and the –2 SDS-line.

Assignment 7 

1. Describe the shape of a SDS-line in a BMI-for-age diagram.

2. Estimate from the attached growth charts what percentage of Dutch men and women of age 21 yr. has overweight? 

3. Estimate what percentage of Dutch women of age 21 yr. has underweight? What about Dutch men of this age?

4. What catches your eye if you look in a BMI-diagram at the local maximum and minimum (also called ‘adiposity rebound’) of various SDS-lines? 

5. Can you use your answer in part (d) to invent a method to identify as early as possible during childhood the risk of adult obesity?

The last two types of growth diagrams we discuss only briefly. There are no exercises anymore.

Pubertal Phases  

During adolescence, a boy or girl is confronted with many changes, both physical as mental. The English pediatrician Tanner has divided the pubertal development of boys and girls into several phases. By the way, the term ‘puberty’ is only used in relation with physical changes such as the development of secondary sex characteristics. For girls, the main changes are the breast development, the appearance of pubic and axillary hair, and the menarche (1st menstrual period). Boys also experience changes in the reproductive system (e.g., growth of the penis and enlargement of testes), appearance of pubic and body hair, and a change of the voice.

Head circumference-for-Age  

There exists a close relation between the growth of the head and the development of the brains. Because there is also a close relationship between the measured head circumference and the computed volume of the brain, it makes sense to follow the development of the head circumference as a measure for the volume of the head.  Underdevelopment may indicate late mental development.

Activity B: Mathematical Model of Height Growth of Girls

In addition to growth data of healthy Dutch children one has also collected in 1997 growth data of Dutch, Swedish and Danish girls with Turner syndrome.

Research Questions

· What difference in height and height increase do there exist between healthy girls and girls with Turner syndrome? Formulate and underpin your conclusions.

· Does there exist a simple formula that fits well the average height of girls with Turner syndrome? If so, what is this formula and up to what age can it be applied? 

· Does there exist a simple formula that fits well the average height of healthy girls up to some age?

Assignments 

· Open Coach 6 Activity Mathematics Activities without Interface > Mathematical Model of Height Growth of Girls.
· Growth data have been placed in a text pane inside the Coach activity. We write these data down below for those who want to put the text window in the background during their work.
	Age (years)
	Height healthy girls (cm)
	Height girls with Turner syndrome (cm)

	1
	75.1
	69.9

	2
	87.5
	80.6

	3
	96.7
	87.6

	4
	104.5
	93.7

	5
	111.8
	99.3

	6
	118.7
	104.5

	7
	125.2
	109.5

	8
	131.5
	114.2

	9
	137.5
	118.5

	10
	143.3
	122.5

	11
	149.2
	126.3

	12
	155.3
	129.7

	13
	160.8
	132.8

	14
	164.7
	135.7

	15
	167.1
	138.2

	16
	168.6
	140.4

	17
	169.3
	142.3

	18
	169.8
	143.9

	19
	170.2
	145.2

	20
	170.5
	146.3


Once you have a table with the growth data you can use several tools of Coach to answers the research questions. We give some hints:

· Make use of diagrams

· Also study the increase diagram of height.

· The shape of the increase diagram of height for girls with Turner syndrome gives a clue to what kind of formula for height might be suitable.

· Once you have an idea about the kind of formula you are looking for, you can select in the diagram window the menu option Process/Analyze> Function-fit. A new window pops up in which you can match the graph of any desired quantity with the graph of a known mathematical function. For example, you can determine the straight line that fits best with the height increase of girls with Turner syndrome. This can be done manually or automatically (see the online help or the text in the paragraph below).

· Try to make (with Function-fit)a simple formula as meant in the second research question. If desired, restrict the data to an age interval for which a simple formula will work.

Activity C: Average Weight Growth

In this task you use the data from the Dutch growth studies of 1997 to study the changes in average weight and weight increase of boys and girls. The goal is to find points in common and differences in weight growth of boys and girls. We formulate the research questions as follows:

Research Questions

· How does the weight of Dutch boys and girls change in the age range 1-21 yr? What points in common and differences exist?

· Does there exist a simple formula that fits well the average weight of boys up to some age? If so, what is this formula and up to what age can it be applied? What about a formula for girls?

Assignments 

· Open Coach 6 Activity Mathematics Activities without Interface > Mean Weight Growth (1997).
· Growth data have been placed in a text pane inside the Coach activity. We write these data down below for those who want to put the text window in the background during their work. 

	Age
(years)
	Weight boys
(kg)
	Weight girls
(kg)
	Age
(years)
	Weight boys
(kg)
	Weight girls
(kg)
	Age
(years)
	Weight boys
(kg)
	Weight girls
(kg)

	1
	10.2
	9.6
	8
	27.9
	27.8
	15
	58.8
	56.0

	2
	13.0
	12.3
	9
	30.8
	31.0
	16
	63.8
	58.4

	3
	15.2
	14.7
	10
	33.8
	34.5
	17
	67.4
	60.0

	4
	17.4
	16.9
	11
	37.2
	38.5
	18
	70.1
	61.3

	5
	19.8
	19.2
	12
	41.5
	43.2
	19
	72.0
	62.3

	6
	22.4
	21.8
	13
	46.8
	48.3
	20
	73.7
	63.1

	7
	25.0
	24.7
	14
	52.9
	52.7
	21
	75.3
	63.9


Once you have a table with the growth data you can use several tools of Coach to answers the research questions. We give some hints:

· Make use of diagrams.
· Also study the weight increase diagram.

· Select in the diagram window the menu option Process/Analyse > Function-fit and use it to find a nice linear fit of the weight of boys between 2 and 7 years. A new window pops up in which you can match the graph of any desired quantity with the graph of a known mathematical function. For example, you can determine the straight line that fits best with the weight increase of boys. This can be done manually or automatically (see the online help or the text in the paragraph below).

· The shape of the increase diagram of weight for boys gives a clue to what kind of formula for weight might be suitable in the age between 2 and 11 years.

· Once you have an idea about the kind of formula you are looking for, you can select in the diagram window the menu option Process/Analyze > Function-fit and try to find a simple formula as meant in the second research question. If desired, restrict the data to an age interval for which a simple formula will work.

· Also try to find a simple formula that describes well weight of girls with respect to age until puberty.

Activity D: Mathematical Model of Weight in Relation to Stature

The weight-for-stature diagram is used as a screening tool to identify children that do not weigh as much as you may expect from their height. This may indicate serious weight problems because of acute undernourishment, dehydration, genetic disorder, an infectious disease, or a combination of such factors. Problematic in the weight-for-stature diagram is that age does not play a role; only weight and height are used. Especially puberty should be taken into consideration in the weight-for-stature diagram. Therefore you see in the weight-for-stature diagram that a distinction is made between weight-for-stature graphs before and after the age of 16 yr. In this task we shall look at the graphs of average weight of Dutch boys and girls younger than 16 years in relation to their stature.

Research Questions

· What is the average weight of Dutch boys and girls younger than 16 years in relation to their height? What points in common and differences exist?

· Does there exist a simple formula that fits well the average weight of boys up to some height? If so, what is this formula and up to what age can it be applied? What about a formula for girls?

· Can you divide the height axis in segments such that there exists for each segment a simple formula that fits well the average weight of boys in relation to their height? And for girls?

Assignments 

· Open Coach 6 Activity Mathematics Activities without Interface > Mathematical Weight-for-Height Model.
· Growth data have been placed in a text pane inside the Coach activity. We write these data down below for those who want to put the text pane in the background during their work.  

	Height
(cm)
	Weight boys
(kg)
	Weight girls
(kg)
	Height
(cm)
	Weight boys
(kg)
	Weight girls
(kg)
	Height
(cm)
	Weight boys
(kg)
	Weight girls
(kg)

	50
	3.3
	3.3
	100
	15.8
	15.7
	150
	38.3
	39.2

	55
	4.5
	4.5
	105
	17.2
	17.1
	155
	41.9
	43.5

	60
	5.7
	5.7
	110
	18.7
	18.7
	160
	45.9
	48.1

	65
	7.1
	7.0
	115
	20.4
	20.4
	165
	50.1
	52.8

	70
	8.4
	8.2
	120
	22.3
	22.3
	170
	54.4
	57.2

	75
	9.7
	9.4
	125
	24.3
	24.4
	175
	58.9
	61.4

	80
	10.9
	10.6
	130
	26.6
	26.8
	180
	63.3
	65.5

	85
	12.1
	11.7
	135
	29.1
	29.4
	185
	67.6
	69.6

	90
	13.2
	13.0
	140
	31.8
	32.2
	190
	72.0
	

	95
	14.5
	14.3
	145
	34.9
	35.5
	195
	76.3
	


	


Once you have a table with the growth data you can use several tools of Coach to answers the research questions. We give some hints:

· Make use of diagrams.

· Also study the weight increase diagram.

· Select in the diagram window the menu option Process/Analyze > Function-fit and use it to find a nice linear fit of the weight of boys up to a height of 110 cm. A new window pops up in which you can match the graph of any desired quantity with the graph of a known mathematical function. For example, you can determine the straight line that fits best with the weight increase of boys. This can be done manually or automatically (see the online help or the text in the paragraph below).

· The shape of the increase diagram of weight for boys gives a clue to what kind of formula for weight might be suitable in the various height segments.

· Once you have an idea about the kind of formula you are looking for on a certain height segment, you can select in the diagram window the menu option Process/Analyze > Function-fit and try to find a simple formula as meant in the second research question.

· Also try to find simple formulas that describe well weight of girls with respect to height until puberty.

Additional assignment

In growth charts that are really used in health care the weight-for-stature diagram has a logarithmic vertical axis. See the supplement; herein is the middle, dark graph, labelled as 0 SDS-line and percentile line P50, the curve that we investigate in this task. Check that you get a similar graph in Coach is you plot the quantity ln(weight) versus height (instead of weight).

II. Control Activities

Table of Contents

881. Introduction


882. Examples of Control Programs for CoachLab II/II+


88Activity: Manual control of actuators


89Activity: Programming with buttons


90Activity: Control three lamps


90Activity: Control shop window illumination


91Activity: Make a thermostat


92Activity: Making own commands


923. Control Workshops




1. Introduction 

The Control Activities allow using and creating programs for automated measurements and control of systems. 


The kernel of a control system is a control model with sensors (e.g. temperature sensor) and actuators (e.g. motor, fan, heating element), which are connected to the inputs respectively outputs of an interface
. Through the interface, Coach gets information from connected sensors (the temperature) and controls the connected actuators (turn motor left, switch fan on). Actuators can be controlled:

· manually by simple clicking on the screen panel to find out their behavior (this is often the first stage in developing an automated control system), or  

· automatically via a control program.
A control program can be developed in various ways with instruction buttons or by selecting complete commands from a menu driven command list. This can be a limited set of commands, tailor-made for a given application called a Micro-world, or a complete list of Coach Language programming commands.

In more advanced user modes, the command list can be extended with Own Commands made by students. Experienced users can program freely by typing commands.  

Coach programming environment allows monitoring all the inputs and outputs of the control system while a program is running. Data can be displayed in graphs, tables or as values for further study of the system behavior.  
Exemplary Control Activities are available in the Coach 6 Control project. These Activities (in the Student user mode) are available also via CMA Coach 6 > Control icon of the Windows’ Start menu. 

2. Examples of Control Programs for CoachLab II/II+
Activity: Manual control of actuators

This activity is meant for beginners to learn how to work with actuators and to understand how the outputs of CoachLab II/II+ interface work. 

Activity procedure 

Open Coach 6 Activity Examples of Control Programs for CMA CoachLab II > Manual control of actuators. 
Manual Control

With Manual control you can control connected actuators to find out their behavior. You can turn them On and Off via the panel on the screen. 

· Drag a respective actuator icon to an output of the panel on the screen.

· Click the LED next to any output to toggle between on or off. If you drag the mouse away from the LED while switching it on, the output remains on until you click it again.

· The LED indicates the state of the output: e.g. on or off. 

· For some actuators you can change the direction of the current by clicking the second LED. In this way a motor can turn right and left. 

Power level of an actuator 

The outputs of the CoachLab II/II+ interface can be set to 16 different power levels. The maximum power level for an actuator is adjusted in Coach. Notice that:  

· An output of CoachLab II/II+ does not have any power when no actuator icon is connected to it. 

· When an actuator icon is connected to an output of the CoachLab II/II+ panel and is switched on then this output has the maximum voltage equal to a maximum voltage range defined in the actuator properties. 

With the power slider on an actuator icon, you can specify the output power of the interface for the connected actuator e.g. to adjust the speed of a motor or the brightness of a bulb.

· Click an arrow at the right side of the actuator icon to increase or decrease the power.

· The height of the red bar indicates the level of the output.
Activity: Programming with buttons 

In Coach you can create program via so-called programming buttons. Programming buttons are buttons with pre-defined actions. With these buttons a model connected to an interface can be manually controlled.  By clicking the buttons, certain actions are performed (e.g. lamp turns on), Coach keeps track of actions and translates them into program lines which are visible in the Program window. 
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In this activity you are going to create a simple program via such buttons. In the Program window are three buttons: 

· Grey lamp on the left which turns the connected to the A-output bulb on. Simple click this button to turn the bulb on. 

· Clock, to insert a time interval. Press this button for a while, the computer measures how long the button was pressed

· Grey lamp on the right which turns the connected to the A-output bulb off. Simple click this button to turn the bulb off. 

Activity procedure 
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Open Coach 6 Activity Examples of Control Programs for CMA CoachLab II > Programming with buttons. 
2. Click on buttons in the Program window. Notice that the program is automatically created in the Editor area of the Program window. 

3. Execute your program by clicking the green Start button and the green button in the Monitor window. In this window the execution of your program can be followed line-by-line. You can adjust the program execution speed with the slider (this can be done also during execution).

4. Erase your program and create a new one.

Activity: Control three lamps

The computer can switch on and off several lamps. In this activity you are going to prepare a program to control three lamps. The Command list in the Program window helps you to write correct programs. The Command list contains only few necessary commands, so-called Micro-world commands. 

Activity procedure 
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Open Coach 6 Activity Examples of Control Programs for CMA CoachLab II > Control three lamps. 
2. Connect the lamps to outputs A, B, C of the CoachLab II/II+ interface.

3. Drag the corresponding actuator icons to outputs of the screen panel. The 3V- and 12V-lamp icons are available on the actuator palette. 

4. Switch lamps on/off by manual control of outputs next the lamp icons. 

5. The command list in the Program window contains two commands: 
Lamp - to switch lamps on or off 
Wait - to specify a waiting time. 
Create a program by selecting commands from a list. 

6. Execute your program by clicking the green Start button in the Activity toolbar and the small green button in the Monitor window. In this window the execution of your program can be followed line-by-line. You can adjust the program execution speed with the slider (this can be done also during execution).

7. Write a new program. To erase the existing program right click in the Program window and select Erase main program.
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Activity: Control shop window illumination
In the evening, when it is dark, a well-lit shop attracts more attention of passers-by than a dark one. During the day artificial lightning is not necessary. In the evening the lamps should go on, and in the morning they have to go out. 

In this activity you are going to create a program to control such a lightning system by using CoachLab II/II+, a light sensor and a few bulbs. 
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Activity procedure 

1. Open Coach 6 Activity Examples of Control Programs for CMA CoachLab II > Shop window illumination.
2. Connect a lamp to output A and a light sensor to input 1 of an interface.

3. Drag the corresponding lamp icon to output A of the screen panel. The 3V- and 12V- lamp icons are available on the actuator palette. 

4. Drag the corresponding light sensor icon to input 1 of the panel on the screen. The icons of different light sensor are available on the sensor palette. 

5. Depends on the light intensity measured by the light sensor different parts of the program are executed. Control with the light sensor which program lines are carried out. 
Remember: To If always belongs EndIf and to Redo always belongs EndRedo.

6. Erase the sample program and create your own program that:

· switches on lamps in the dark, 

· switches off lamps in the twilight,

· stops when it is daylight.

Activity: Make a thermostat

With a temperature sensor the computer can measure temperature. When it is too hot, the computer can switch the cooling on and the heating off. Such a device that control temperature is called thermostat.

In this activity you are going to create a program to control a thermostat. Besides the CoachLab II/II+ interface and a temperature sensor you will use a bulb (lamp) as heating element and a fan for cooling (elements from CMA Actuator set).  
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Activity procedure 

1. Open Coach 6 Activity Examples of Control Programs for CMA CoachLab II > Make a thermostat. 
2. Create and test program which 
· turns on the fan and turns off the lamp if the temperature is higher then 25 °C, 

· turns off the fan and turns on the lamp if the temperature is lower then 25 °C.

Activity: Making own commands

Coach allows creating own programming commands and add them to the command list. Own commands are built from commands that are already in the command list. In this activity you are going to make an own command that makes a lamp connected to output B flash.

Activity procedure 

1. Open Coach 6 Activity Examples of Control Programs for CMA CoachLab II > Making own commands.
2. Right click the Program window and select the Own commands… option. Select FlashAC and click Edit. Study this own command. Finally, right click a line and select Back to Main Program.

3. Right click the Program window and select the Own Commands… option. Click New Command. Create a new command which makes the lamp on B flash. 
4. Right click a line and go back to the main program.

5. Place your own command in the program, and remove the redundant lines:
· Use <Del> to erase a line.
· Use <Ins> to create an empty line.
· With <Enter> you can edit a line.

6. Test your command. 
· First drag the icon of a light sensor to input 1.
· Then click the green Start button.

3. Control Workshops 

Coach four Control Workshop Activities for the following interfaces: 

· CMA CoachLab,

· CMA CoachLab II/II+,

· LEGO DACTA Interface B,

· LEGO DACTA RCX.

The Control Workshop Activities offer programming environments for creating control programs for automated control systems. A command list available in such activity consists of a set of commands customized for a particular interface. Pre-selected sensors and actuators are available on the sensor and actuator palettes. Other sensors and actuators can be selected from Coach Libraries. 

Activity procedure 

1. First drag sensor and actuator icons to the panel inputs and outputs.

2. Investigate the sensor signals on the panel.

3. Test the actuators by manual controlling them. 

4. Create a program by selecting commands from a list.

5. Click the green Start button to run the program.
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1. Introduction

The Data Video Activities are used to make measurements on digital video clips or digital images. In these activities students are able to consider events, which happen outside the classroom. The events can be rather ordinary, every day events such as basketball shots, soccer kicks, amusement-park rides, plant growth or more unusual like jump on the Moon, car crashes or the motion of a manikin as it strikes an air bag during a car collision.


During the video measurements the data points can be collected:
· manually by clicking in selected frames on (a point of) a moving object, or 

· automatically by tracking (a point of) a moving object.  
From the frame rate with which the video clip was recorded, time information is deduced, while position information is measured on the two dimensions of the video image (picture), after calibration. 

During measurements on single images, position data or position and time data for stroboscopic images, are collected by clicking points of interest in an image. 


The collected data can be plotted in a graph, viewed in a table, used for further analysis and modeling and can even serve to calculate the locations of other points such as center of mass.

Graphs are synchronized with the video frames. When scanning the data in the diagram the corresponding video frames are shown. This helps students to bridge the gap between the concrete visual display of a motion event and its abstract graphical representation.
In Data Video Activities ready-to-go videos can be used or students can capture their own videos (e.g. using a simple web camera) and directly analyze them in Coach. 

Exemplary Data Video Activities are available in the Coach 6 Data Video project (icon). These Activities (in the Student user mode) are available also via CMA Coach 6 > Data Video icon of the Windows’ Start menu. 

Movies in Activities: 'Motion of bicycle', Motion of two cars' and 'Basketball shot' origin from the Video Clips Collection of Physics Education Group of Munich University and are used with special permission. 


Movies in Aactivities 'The start of the sprinter', 'The high jumper', 'Hitting a softball' and 'Trampoline' origin from the Video Disk Physic of Sports ( by D.A. Zollman and M.L. Noble, Kansas State University, available from Video Discovery Inc., and are used with special permission. 


Movies in Activities 'Car collision', origins from the Video Disk Physics and Automobile Collisions ( by D.A. Zollman, John Wiley and Sons, Inc. , available from Ztek Co., and are used with special permission. 

2. Introductory Data Video Activities 
Activity: The start of the sprinter
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In this activity you will analyze in detail the motion of the sprinter during the beginning of the race. 

You will record the positions of the sprinter with time. Then you should deduce from your measurement how the speed and acceleration of the sprinter has changed with time. 


This example is used to teach you how to make measurements in the Data Video Activity. Instructions in the video measurement procedure are very detailed and will help you to work through the example.

Video measurement procedure 

· Open Coach 6 Activity Introduction to Data Video  > The start of the sprinter. 
Opening video

· To open the video right click the Data-Video window and select Open… > Video. 

· Select The start of the sprinter video. 

· A video screen showing the first frame of the movie appears on the screen. 

Playing video

· The video clip shows the start of the runner.

· Play the video by clicking on the Play button on the video control bar.  

· To browse through frames use the frame controller.

· By clicking frame on the frame controller a selected frame appears on the screen. At the right side of the frame controller you can find the Zoom button which allows zooming a part of the frame controller. First you have to select the frames you would like to zoom: click the first frame, while keeping the <Shift>-key pressed, click the last frame of the selection. Now click the Zoom button to zoom the frame selection.

Video calibration 

Distance 

To perform the measurement you need to scale the video - you have to tell which distance on the screen corresponds to which actual distance. The "real life" distance of one-meter (white ruler) is shown on the screen. You have to also tell what your coordinate system is.
· Right click the Data Video window and select the Change scale... option. 

· Since the vertical and horizontal meter sticks on the screen are the same length choose Same scale on all directions.

· The horizontal ruler (default red) and the coordinate system (default yellow) appear on the video screen. 

· Move and match the horizontal red ruler with the horizontal white ruler. 

· Specify in the Scale Settings dialog the scale length of 1 m. 

· Position the coordinate system by dragging its origin (drag the small circle). (You can also rotate the coordinate system by dragging the yellow dot next to the origin). 
· Click OK when you are ready.
Time 

This option is used to specify how fast the video was taken.

· Right click the Data-Video window and select the Time calibration... option. 

· This video clip was recorded with 30 frames per second. This information is used to connect the frame number with the time t (in seconds), as soon as you have decided which frame corresponds with t=0. Select the choice of t=0 at first selected frame.  

· Click OK when you are ready. 

Coordinate system settings

· Right click the Data-Video window and select the Co-ordinate system... option. 

· Since the camera didn't move during recording of this movie choose Same at all frames.

· Click OK when you are ready. 

Video Points

Video points are points collected during the video measurement.   

· From the Tool menu select the Video Points... option.

· You are going to measure only one video point so choose 1 measured point per frame.

· Go to the Markers and colors part of the dialog window and choose your favorite color and marker for the video points (a white circle works fine). 
Frames

You still have to tell how you want take a video measurement. Usually the manual video measurement is performed only on a number of selected frames. There are four possibilities to select frames for measurement.

· From the Tool menu select the Frames… option.

· There are four possibilities to select frames for measurement. For this example select Equally divided 20 frames between 1 and 74 frames. In this case it means you will measure circa every 4th frame.

· All selected frames on the frame controller are marked black. 

Collecting data 

· Start the measurement by clicking the green Start button. 
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Coach automatically brings the first selected video frame on the screen. The cursor changes into       . 
· Move the cursor (viewfinder) over the video screen to locate the video point for example a (white) shoulder or a head of the sprinter. 

· Click to store the first video point. 
· The video clip automatically advances to the next frame. Click the next point. 
· Continue clicking on the location in each selected frame until you reach the last frame of the movie. 

Displaying data

· To graph the data select the Display as a Diagram option and click the lower, left empty pane. 

· This will plot positions PX and PY versus time. This can be also done before you have started your measurement. The advantage of preparing the graph before is that you will see data appears on the graph during the measurements. 

· To see data in a table select the Tool menu option Display as a Table and click the lower, left pane.

· One of the greatest features of the Data Video analysis is the ability to replay the situation and watch the graphs while movie plays. Click on the Replay button. Specify the Replay time or set the replay playing speed. Click OK. Your data should now be replaying on screen. You see live update of graphs and tables during the motion of the runner. 
Live updating

If you are not satisfied with some of your marked video points you can come back to a frame and move a video point to another location. You do this by selecting the frame in the frame control bar and dragging the point to the desired location. Watch the diagram/table update simultaneously. (Note the sensitivity of the velocity plot to the location of the point.)  

You can also add some extra points after your measurement is finished.  

· Select extra frames by clicking a frame on the frame controller and press the <INS>- key on your keyboard. The selected frame becomes black. (You can deselect frames using the <DEL>- key). 

· Click the green Start button. The video automatically brings you to the selected frame. Locate your new video point. 

· Do the same for other extra selected frames.

Assignments 

You are going to analyze the motion of the sprinter during the beginning of the race.

· In the diagram you see P1X and P1Y versus time. To analyze the motion of the runner the horizontal position P1X is interesting (the vertical P1Y has changed very little during the motion). 

· Prepare the graph of P1X versus time. (Create/Edit diagram, for Column 3 make connection Empty).

· Determine the greatest speed, at what time did the sprinter reach this speed? 
By determining the slope in the position versus time graph at a given point you will get the speed at that point (option Process/Analyze > Slope).

· Create a velocity versus time graph (the speed is the derivative of the position!).
Does the shape of this graph agree with your expectations?  

Activity: The high jumper 
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The aim in high jumping is to clear a crossbar resting at progressively greater heights between two upright standards. [image: image137.png]o




Most jumpers today employ the style known as the Fosbury Flop to clear the bar. 
The Fosbury Flop was named for its originator, American jumper Dick Fosbury, who used the style to win the event in the 1968 Olympics. 
To execute the flop, jumpers approach the crossbar nearly straight on; they leap and twist on takeoff, rise above the bar headfirst, clear the bar with their backs oriented toward the ground, and land on the foam pad with their shoulders.1 


By using Data Video, study in motion of a high jumper whom use the Fosbury technique can be done. To simplify this measurement, visual models of human motion can be used.
 The model is a variation on one used in the field of biomechanics. The human body as a stick figure; each stick or segment is treated as a rigid object with uniform density. The segments are connected by hinges, which are massless and are able to bend in appropriate ways. The mass of each segment is known from cadavers study. 

For this activity we consider three models: 
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Model 1

The body is represented by a point mass located on hip. 
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Model 2

The body is represented by three rigid segments; one for the legs, one for torso and head, and one for the arms. Bending can occur only at the hip and the connection between arms and torso. 
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Model 3 

The body is represented by five segments as shown in the figure
.

In this activity you will collect position data of the jumper. Then by using data about mass distribution and assuming that each body segment has a uniform mass distribution, you will calculate the location of the center of mass for different models. 

This example is used to teach you how to calculate and display on the video the center of mass of athlete.

Model 1 

· Open Coach 6 Activity Introduction to Data Video > 2a. The high jumper - point mass. 
· In the Data-Video window you see the first frame of the video which shows the high jump.

· Play the video by clicking on the Play button.   

· The video is already scaled: one-meter scale on the video screen is used, clip was recorded with 30 frames per second. Select the Change Scale... option in the Tool menu to do the scaling.

· Diagrams of the horizontal and vertical position are already displayed on the screen. 

· Start the measurement by clicking the green Start button. 

· Move the cursor over the video screen and click to locate the video point. Mark the position of the jumper's hip.   

· The video clip automatically advances to the next frame. Click the next point. Continue clicking on the location in each selected frame until you reach the last frame of the movie.

· Described the resulting graphs. 
· Save your results. You will need them in the next activity.
Model 2

Now you are going to use the three-segment model. For this model the body is represented by three rigid segments; one for the legs, one for torso and head, and one for the arms. The three segments have different masses and account for different percentages of the total center of mass of the jumper (look at the picture Model 2). The legs are 32.7% of the total body mass, the torso (incl. the head) is 57.5% and the arms are 9.8%. So the coordinates of the center of mass of the jumper for this model are: 


xc = 0.327*x1+0.575*x2+0.098*x3



yc = 0.327*y1+0.575*y2+0.098*y3



where  x1, y1 are coordinates of the legs segment

x2, y2 are coordinates of the torso segment

x3, y4 are coordinates of the arms segment

· Open Coach 6 Activity Introduction to Data Video > The high jumper - 3 segment model. 
· In the Data-Video window you see again the movie of the high jumping. 

· The video in the Data Video window is already scaled: one-meter scale on the video screen is used, film was recorded with 30 frames per second. Select the Change scale...  option in the Tool menu to see the scaling. 
Video Points

· In this activity you are going to measure three video points. 

· Right click the Data-Video window and select the Video Points… option, 3 measured points are already chosen.

Displaying data in diagrams

· You are going to create two diagrams Horizontal position versus time and Vertical position versus time.

· Create the Horizontal position diagram.  
- Click the yellow Diagram button and click the New diagram button. 
- Give a diagram name: Horizontal position.  
- Choose for Column 1 as connection Clock, give a quantity name: time and unit: s. 
- Choose for Column 2 as connection P1 - X, give a quantity name: x1 and unit: m.
- Choose for Column 3 as connection P2 - X, give a quantity name: x2 and unit: m.
- Choose for Column 4 as connection P3 - X, give a quantity name: x3 and unit: m. 
- Choose for Column 5 as connection Formula, give a formula: 0.327*x1+0.575*x2+0.098*x3 and give quantity name: xc and unit: m. 
This will calculate x coordinate for the center of mass. 

· Create the Vertical position diagram.  
- Click the yellow Diagram button and click the New diagram button. 
- Give a diagram name: Vertical position   
- Choose for Column 1 as connection Clock, give a quantity name: time and unit: s. 
- Choose for Column 2 as connection P1 - Y, give a quantity name: y1 and unit: m.
- Choose for Column 3 as connection P2 - Y, give a quantity name: y2 and unit: m.
- Choose for Column 4 as connection P3 - Y, give a quantity name: y3 and unit: m. 
- Choose for Column 5 as connection Formula, give a formula: 0.327*y1+0.575*y2+0.098*y3 and give quantity name: yc and unit: m. 
This will calculate y coordinate for the center of mass. 

· Place the diagrams in panes. 

Displaying the center of mass point on the video screen

1. Select the Tool menu Video Points... option. 

2. Choose a number of calculated points - 1. 

3. Choose for X coordinate of the calculated point: Formula xc.

4. Choose for Y coordinate of the calculated point: Formula yc. 
5. This will plot the calculated point - the center of mass for the jumper - on the video screen during the measurement.
Collecting data 

During the measurements you have to click three location on every selected frame. You must choose midpoints of each of the three model segments. 
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First try to imagine three segments for the body. 
For the leg segment:
since the feet may be widely separated, you must choose a point midway between them for one end point of the legs segment. The other endpoint should be at a point midway between the hips. 

For the arm segment:
this segment starts at a midpoint between the hands and end midway between the shoulders. 

For the torso-head segment: 
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this segment runs from the top of the head to the bottom of the trunk.  

· Start the measurement by clicking the green Start button. 

· Move the cursor over the video screen and click on the video screen to locate the video points. Mark the midpoint of each of the three segments. (See the picture above). 

· The calculated point appears shortly on the movie screen and the movie automatically advances to the next frame. Click the next point. 

· Continue clicking on the location in each selected frame until you reach the last frame of the movie. 

· Data appears in the diagrams.
Tip: If you want to display on the diagram only coordinates of the center of mass make other axes invisible.  

· One of the greatest features of the data video analysis is the ability to replay the situation and watch the graphs while movie plays. Click on the Replay button. Specify the replay time or set the replay playing speed. Click OK. Your data should now be replaying on screen. You see live update of graphs and tables during the motion of the athlete. 

Model 3

To calculate the center of mass you can use also the more complex five-segment model. 

· Open Coach 6 Activity Introduction to Data Video  > The high jumper - 5 segment model. 
· In the Data-Video window you see again the same movie. 

· The video is already scaled: one-meter scale on the video screen is used; film was recorded with 30 frames per second. Select the Change scale... option to see how it is done. 

· The diagrams are already prepared for you. 

· Start the measurement by clicking the green Start button. 

· Move the cursor over the video screen and click to locate the video points. Mark the midpoint of each of the five segments (look at the picture Model 3).

· The calculated point - the center of mass - appears shortly on the screen and the video automatically advances the next frame. Click the next point. 

· Continue clicking on the location in each selected frame until you reach the last frame of the video. 

· Data appears in the diagrams. 

Assignments 

· Is the center of mass of a high jumper always inside the body of the jumper? 

Because the body configuration of a high jumper changes, the location of the center of mass relative top the body can also change. The three-segment model provides a more accurate determination of the center of mass then the fixed center of mass model.

· When high jumper is directly over the bar, is his center of mass located on his body or below? 

· Watch the frames as the jumper clears the bar. Is there any time when his center of mass is at the center of his body? If not, where is it relative to his body? 

· Could a high jumper clear the bar but have the center of mass under the bar? 

· Analyze the high jump in terms of energy, you can assume that the jumper's gravitational potential energy as if the entire mass is concentrated at the center of mass. 
Compare, in terms of energy, a Fosbury flop as shown on the movie and straight jump where the entire body is above the bar. 

· Can you explain now why jumpers who use the Fosbury flop have successfully cleared the bars at greater heights than many that do not use it? 

Compare results of different models (use the Import background graph option). 

· Is the increase in accuracy worth the increase in the complexity of the model?
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Activity: Video-yo (point tracking)

In this activity you will analyze in detail the motion of a giant yoyo. 

You will collect the position data of the moving point located on the yo-yo. This example is used to teach you how to use point tracking - the automatic mode of collecting video points.  

Video measurement procedure 

· Open Coach 6 Activity Introduction to Data Video > Video-yo (point tracking). 
Playing video

· Play the video by clicking on the Play button.  

· You see a giant winding yoyo. You will use point tracking to record the motion of a point near the rim. This point is marked by sticker.

Video calibration 

· Right click the Data Video window and select Change Scale....

· Because the vertical and horizontal scales are the same, select Same scale in all directions.

· Drag and resize the end points of the scale-ruler (red by default) to measure the diameter of the yoyo. Specify the scale length of 0.34 m.

· Position the origin of the coordinate system at the chair seat the person is standing on.

· Click OK. 

· Right click in the Data Video window and select Time calibration.... The video clip has been recorded with a frame rate of 30 frames per second. 

· Select t=0 at first selected frame and click OK. 

Video points

· Right click the Data Video window and select Video Points....

· You are going to measure 1 point per frame, viz., the point near the rim of the disk. Leave the current settings of Number of measured points per frame.

· Go to the Markers and colors part of the dialog window and choose your favorite color and marker for the video point (a blue big dot works fine).

Frames

· Move the Begin and End markers (blue triangles) in the frame controller to ignore useless frames at the beginning or end of the video clip. 

· Right click the Data Video window and select Frames...

· For point tracking you can easily select all frames for measurement. Select Use All frames.
· Click OK. All selected frames are marked black in the frame controller. 

Collecting data by Point tracking 

· Right click the Data-Video window and select the Point Tracking option. 

· Coach automatically brings the first selected frame (tracking frame) in view (indicated as red frame on the frame controller). 

· In the tracking frame you see the tracking area and the search area. Move the tracking area (P1) to the appropriate location (the black point on the yo-yo).

· To plot the data points in a diagram right click the Data Video window and select Display as a Diagram.... The shape of the cursor changes into a small diagram. Click the left, lower pane to place the diagram. 

· Start measuring by pressing the green Start button. Coach starts to collect data. You can stop measurement at any moment by clicking the Stop button.

· If point tracking fails at some moment you can adjust measurement (see the detailed description below). 
During the measurement the hand of the person holding the yo-yo is moving. You can improve the accuracy of your measurement by using the moving co-ordinate system. 

· Right click the Data Video and select Erase all points and remove the first collected points. 

· Right click and select Co-ordinate system. Select as Origin the First point clicked at each frame. 

· Right click and select Point Tracking Settings. Notice that the Tracking area is now defined as well for Video Point P1 as for the Origin of the Co-ordinate system. 

· Right click and select Go to Tracking Frame. Move the tracking area of the Origin to the hand location. 

· To adjust the diagram click the Zoom to fit button in the Diagram pane. 

· Start the measurement again.  

· Deselect the Point Tracking option if you do not want to see the tracking areas anymore.

Adjusting measurement 

The automatic point tracking can fails on some frames. Once the measurement is finished you can drag erroneous measured points to correct positions. You do this by selecting the frame in the frame controller and dragging the point to the desired location. 

The point tracking can also fails in the range of frames. In such a case it is possible to repeat the measurement only in a selection of frames where tracking was not correct. 

· First select the frames on which the tracking failed. Click the frame where selection begins. While pressing the <Shift>-key click the last frame of the selection. 

· Remove data associated with these frames by using the <Backspace>-key. 

· Now the first selected frame without associated data is chosen by Coach as the new tracking frame. If needed change the point tracking settings. 

· Start the measurement again to continue point tracking from this frame on using the new settings and measure all selected frames without data. 

· It is also possible to measure the remaining frames manually.

Assignments 

· In the diagram, the horizontal (P1X) and vertical (P1Y) Cartesian coordinates of the video points are plotted against time. Select the Analyze /Process > Function-fit menu item to find regression curves for average values of P1X and P1Y (use sine fit and quadratic fit, respectively).

· Make a new diagram to plot the vertical (P1Y) Cartesian coordinate against the square of time. Use Function Fit to find a regression curve as a sum of a straight line and a sinusoid.

Activity: Snooker shot
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In this activity you will analyze the motion of the moving ball after a snooker shot. This is an example of the advanced video measurement. The measurement is a combination of the manual measurement and point tracking. Additionally the perspective correction is used to correct the distorted video.  

Video measurement procedure 

· Open Coach 6 Activity Introduction to Data Video  > Snooker shot. 
Correction of the perspective distortion

· Right click the Data-Video window and select the menu option Perspective correction. A red perspective rectangle is placed on the top of the video screen.

· Drag the corners of the rectangle one by one to the corners of the billiard table. Every time a corner of the perspective rectangle is moved the video screen is distorted. After mapping all four points the distorted billiard table is transformed into corrected rectangle. 

· Now you may deselect the menu item Perspective correction.

Calibration

· Right click the Data-Video window and select the Change Scale... option. 

· Select Different scale in horizontal and vertical direction.

· Move horizontal and vertical scale-rulers such that they match the sizes of the rectangle (table).

· Fill out the scale lengths: height of the billiard table is 3.6 m and its width is 1.8 m.

· Move the origin of the coordinate system to a convenient position, e.g. the center of the billiard table.

· Click OK to close the Change Scale dialog.

Collecting data

· In the video the prediction of the white ball's trajectory is given with the while line. Because of this it is not possible to use the point tracking for the measurement at the first part of the video. This part of the measurement has to be done manually. When the white trajectory line disappears the Point Tracking option can be turned on.   

· Press the green Start button.

· Click on the cue ball; it is less visible because of the white overlay. 

· Once the ball is far enough away from the overlay, stop manual measurement by pressing the Stop button.

· Select the menu item Point Tracking and drag the tracking area over the cue ball.

· Press the green Start button again to continue data collection by point tracking.

In the diagram you get the graphs of the recorded coordinates versus time and the graph of the velocity of the cue ball versus time. Do you understand the graph? Explain it.

Activity: Capturing your own video 

In this activity you will learn how to capture your own video clips. It is possible as well in the Data-Video window as in the Video pane (but not in both windows at the same time). In this activity capturing it is done via the Data Video window. 

Video capture is one of the most system-intensive tasks you can demand of a personal computer. Good results depend on the performance and capacity of all components of your system that have to transport frames from a video-capture device to the processor and hard disk. Frames will be dropped from the captured clip if one of these components cannot handle the workload. 

Make sure your system is optimized by reviewing and following the guidelines set by the manufacturers of your video-capture device and hard drive.

Before you start capture your camera should be plugged in and turned on. When Coach does not “see the camera” then the Capture option is disabled. 

· Open Coach 6 Activity Introduction to Data Video  > Capturing your own video. 
Starting Capture 

· Open the Data Video Capturing window by right-clicking the Data Video window and selecting the Capture option. 

The Data Video – Capturing window includes a preview area, which displays your currently recording video and control buttons (Record and Stop) for recording video. 

Capture settings 

Right click the Data Video – Capturing window and select the Capture settings option. 

· Specify the maximal time of capturing, for example 10 s. 

· Specify the video resolution (the height and width of the video clip in pixels) - keep 320x240 pixels. A larger frame size lets you see more detail but requires more processing. The lowest frame size that is acceptable in most situations is 240x180 pixels.  

· Set frame rate to 5 frames per second. 

· Click OK.  

Recording a video 

Use the Record button to start recording a video. The recording will stop automatically when the given maximal capture time has elapsed. Alternately, you can click the Stop button or <Esc>-key to stop recording before the time expires. 

· By checking the Capture information option the information about the recorded video can be obtained. 

· You can view the recorded video by using the Show > Playback option. 

· The recorded video file is a temporary file (with default name Rec###.avi), and is replaced by a new file each time the new recoding is started. 

· To use the recorded video right click the Data Video – Capturing window and select Use recorded video. The video clip will be transferred into the Data Video window for editing and measuring on your video clip. Depending on a video file size it may take a few minutes.

Removing the beginning and the ending of a video clip

To remove several frames from the beginning and/or end of a video the Begin and End blue markers can be used.

· Slide the Begin and End blue markers located on the frame controller to the desired first and last frame of your new video clip. 
· The edited video can be previewed by clicking the Play button.

Adjusting video 

After selecting the Adjust video… option you can: 

· change the video brightness; 

· change the video contrast; 

· rotate the video;

· flip the video horizontally or vertically. 

All the video adjustments (filters) are applied in real-time on the video file, without writing a new file. These parameters are stored in the activity. By using the Export video option the modified file can be saved as a separate video file.

Annotating a video 

The Annotations allows placing text labels on frame(s) of a video clip or on an image. 

· Right click in the Data-Video window and select Annotation. 

· Type in your text.  

· If desire click the Font button to change the text font and color. 

· Check the Framed option to place the annotation in a frame. 

· Check the Shown on all frames option to place the annotation on all video frames. When this option is not checked the annotation appears only on a frame which is actually displayed in the Video window. 

· Click OK. 

If necessary move the annotation to another location on the video screen.

Exporting video

The video clips captured in Coach become a part of Coach Activity when the activity is saved. To save a captured video file as a separate file on the computer hard drive use the Export video… option. To export a video file: 

· Right click in the Data-Video window and select Export video….

· Type in a file name.  

· Specify video file settings. 

Before you save in AVI format, you may choose to change Video compressor (and Audio compressor if your video clip includes audio track). 

· Click the Save button to store a video on your hard disc. Depending on the video file size it may take a few minutes to save the file.

3. Data Video Examples
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Activity: Motion of a bicycle PRIVATE 

Suppose you go on your bicycle for a ride. When you pedal hard to gain speed on your bicycle, your velocity changes. It changes again when you slow down to stop. What would be your acceleration during such situations? 
In this activity you are going to investigate a motion of a bicycle during speeding up and slowing down.  

Activity procedure

1. Open Coach 6 Activity Data Video Examples > Motion of a bicycle. 
2. In the Data Video window you see the first frame of the video Start of the bicycle. 

3. Play the video. Describe the bicycle's motion. 

4. Measure the position of the cyclist (choose as a video point location for example an axis of the bike.

5. The video is already scaled (1.72 horizontal ruler on the movie screen, speed of 25 frames per second).

6. The horizontal position versus time graph of your measurements appears on the screen. 
Assignments

Speeding up bicycle

· Describe the motion of the cyclist. 
- What was the initial position of the cyclist?
- What was the final position of the cyclist?
- How long was the motion? 
- What can you deduce about the cyclist's speed?

· Create a graph of the horizontal velocity versus time (use the 'Derivative' option).
- What was the initial velocity of the cyclist?
- What was the final velocity of the cyclist? 
- What can you deduce about the cyclist's acceleration?

· Calculate the average acceleration of the cyclist. You can do it in different ways by: 
- by calculating the change in velocity divided by the corresponding change in time,
- using the quadratic curve fit for position data (go to Process/Analyze > Function fit). 

Slowing down bicycle

Now you are going to analyze the bicycle's motion as it comes to a stop.  

· Right click the Data Video window and open the video Stop of the bicycle. 

· Click the Coordinate Settings… option and scale the video by using 1.71 m horizontal ruler on the video screen. Set the video speed to 25 frames per second. 

· Click Frames and select the frames to measure. Check Individual frames and type 1-47$2, which means that every 2nd frame, will be selected. 

· Describe the bicycle's motion and answer question from the Speeding up bicycle section.

Activity: Motion of two cars PRIVATE 
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Two cars are coming on the crossing. In this activity you will investigate the cars’ motions.  
Activity procedure

1. Open Coach 6 Activity Data Video Examples > Motion of two cars. 
2. Play the video. Explain what is happened. 

3. The video is already scaled (4.60 horizontal ruler on the first movie screen, speed of 25 frames per second).

4. Measure the positions of white and black cars (choose easy to recognize points). 
Remember that at every frame you have to first click a position of the first car (for example the white one) and then click a position of the second car (for example the black one) then the program brings the next frame to measure.

5. The horizontal position versus time graph of your measurements will appear on the screen. Positions of both cars will be plotted.

Assignments

· Describe the motion of the white car. 
- Is the car moving in the direction of increasing of decreasing distance from the origin.  
- What was the initial position of the white car?
- What was the final position of the white car?
- How long was the motion? 
- What can you deduce about the white car's speed?

· Describe the motion of the black car. 
- Is the car moving in the direction of increasing of decreasing distance from the origin?  
- What was the initial position of the black car?
- What was the final position of the black car?
- How long was the motion? 
- What can you deduce about the black car's speed?

· Create a graph of the horizontal velocity versus time for both cars (use the 'Derivative' option).
- What was the initial velocity and final velocity of the white car?
- What was the initial velocity and final velocity of the black car? 
- Explain why the velocity of the black car is negative? 
- What can you deduce about the acceleration of the white car?
- What can you deduce about the acceleration of the black car?

· Calculate the average acceleration for both cars.
Activity: Hitting a softballPRIVATE 
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In this activity you are going to measure (by point tracking) on the video showing a player hitting the softball. You will calculate the impulse experienced by the ball when it is hit with the bat. The mass of the ball is given:  m = 0.192 kg. 
Which two speeds do you need to know in order to be able to calculate the impulse on the ball?

Having found the impulse on the ball, you can also try to calculate the force exerted by the bat on the ball during their collision. 
Activity procedure

1. Open Coach 6 Activity Data Video Examples > Hitting a softball. 
2. In the Data Video window you see the first frame of the video. Play the video.  

3. The video was recorded with very high-speed of 454 frames per second. Because of the high recording speed you can observe the details of the motion more closely.

4. The video is already scaled and the graphs are prepared.
5. Right click the Data Video window and select Point Tracking. 
6. Coach automatically brings the first selected frame, the Tracking frame, in view (the red frame on the Frame controller). In the tracking frame you see the tracking area and the search area. Move the tracking area (P1) to the appropriate location (ball).

7. Start measuring by pressing the green Start button. 

8. After the measurement is finished you can drag erroneous measured points to correct positions (see frames 23, 24, 25, 26). 

9. Deselect the Point Tracking option if you do not want to see the tracking areas anymore in each frame.

10. Examine the graphs of your measurements. 
Assignments
· Determine the speed of the ball before and after the shot. (Find the slopes of the first and last parts of your graph by using the 'Slope' option). 

· Calculate the impulse on the ball. 

· To calculate the force on the ball (during the collision) you need to know the contact time of ball and bat. You might be able to estimate that by looking at consecutive frames of the film, and by counting the number of frames where there was contact. (There can't be many!)
Try and determine the contact time from the movie. Use the frame bar under the movie. 
In how many frames is there contact? Can you determine the contact time from this? (Use the data table.)

· What can you conclude from this about the force that the bat exerted on the ball, during the collision?

Activity: TrampolinePRIVATE 
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Activity procedure

1. Open Coach 6 Activity Data Video Examples > Trampoline. 
2. In the Data Video window you see the first frame of the video clip. Play the video. Explain the athlete's motion. 

3. The video is already scaled and all frames are selected for measurement. 

4. You are going to use point tracking. Right click the Data Video window and select Point tracking. 
5. Move the tracking area (P1) on the tracking frame to the appropriate location (the jumper's black short).

6. Start measuring by pressing the green Start button. The collected data appears on the graph of the vertical position of the athlete versus time. 

7. Deselect the Point Tracking option if you do not want to see the tracking areas anymore in each frame.

Assignments

· Look at the graph carefully; does it have a pure sinusoidal form? When is the speed of the athlete zero? Where is that in the motion?

· Prepare the velocity versus time v vs. t graph (use the Derivative option). 
· The movement of the athlete can be divided into the following portions:
(a) the athlete moves upward through the air.
(b) the athlete moves down through the air.
(c) the athlete, in contact with the trampoline moves down.
(d) the athlete, in contact with the trampoline moves up.
(e) the athlete makes somersault.
Show these sections, (a) (b) (c), (d) and (e) in the v vs. t graph. 

· Prepare the acceleration versus time a vs. t graph. 
Show the sections (a), (b), (c) (d) and (e) in the a vs. t graph as well.
Give an explanation of the different parts of the diagram.

· What is the lowest (ie. most negative) value of a on the graph?
What is highest positive value of a on the graph? 

· How would you describe this athlete's motion?
· Analyze the trampoline jump in terms of energy.

Activity: Basketball shot PRIVATE 
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The motion of the basketball is an example of projectile motion. The motion can be divided into two parts: the horizontal component and vertical component. These two components can be calculated independently for each other and then the results can be recombined to describe the total motion. 

After the basketball shot the only forces acting on the ball are the forces of gravity and air resistance. The force of air resistance depends on the ball's velocity and its mass-to-cross sectional area ration. As the velocity of the ball increases the force of air resistance increases, while as the mass-to-cross sectional ration increases the air resistance decreases. 

Is the force air resistance considerable and plays a role in determining the ball's trajectory?

In this activity you will try to answer this question. 

Activity procedure

1. Open Coach 6 Data Video Examples > Basketball shot. 
2. In the Data Video window you see the first frame of the video. Play the video. Explain the ball's motion. 

3. The video is already scaled. Start your measurement by clicking the green Start button and measure the position of the ball. 

4. The horizontal and vertical positions of the ball appear in the diagram Position of the ball on the screen. 

5. Examine the graphs.
Assignments

· Explain the graph. Describe the motion in horizontal and vertical direction. 

· Determine the initial velocities of horizontal and vertical motion. 

· Create a horizontal velocity versus time graph and a vertical velocity versus time (the speed is the derivative of the position!).

· Explain both graphs. 

· Determine the acceleration at the beginning and at the end of the motion. By determining the slope in the velocity versus time graph at a given point you will get the acceleration at that point (option Process/Analyze > Slope).

· Does acceleration change during the motion? Can you explain why? 

· Is the effect of air resistance significant?

Activity: Car collisionPRIVATE 
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A collision is a process involving two objects, each of which exerts a force on the other. The car crash shown on the video in this activity is an example of inelastic collision. 

In general, the total momentum remains constant for a system of objects that interact with one another. In this case, the automobiles are objects which interacting so the total momentum should remain the same during their motion. What happened with the kinetic energy of the cars during collision? 

In this activity you will investigate these problems. 

Activity procedure

1. Open Coach 6 Data Video Examples > Automobile collision. 
2. In the Data Video window you see the first frame of the video. Play the video. 
3. You can also see video of the same collision taken from a different angle. Click the Display video button and place the video in one of the panes. 

4. Describe the motion of the automobiles.

5. The video was recorded with very high-speed of 786 frames per second. Because of the high recording speed you can observe the details of the motion more closely.

6. The video is already scaled and the graphs are prepared.
7. Carry out measurements on the position of the cars (mark the point at the end of black stips on the cars).
8. Examine the graph of your measurements. 

Assignment

· On the screen you see the two graphs: Position of the first car and Position of the second car. 

· Create for both cars graphs of the horizontal px= m* vx and vertical momentum py=m*Vy
where vx is the horizontal component of the car velocity and vy is the vertical component of the car velocity.  Both cars have the same mass of 800kg. 

· Create the graph of total momentum of the two cars system. 
Remember that momentum is a vector quantity! 
First calculate the total horizontal momentum px, then total vertical momentum py and final total momentum by: 
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· Is momentum conserved during the automobile collision? 
Are these cars isolated objects? Is there friction force acting? 

· Create graphs of  Kinetic energy of the first car and the Kinetic energy of the second car. To calculate the kinetic energy use the following formula: 
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· Create the graph of total kinetic energy of the two cars system. 
Kinetic energy is not a vector quantity! Is the kinetic energy conserved during this collision?

4. Introductory Data Image Activities 
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Activity: Bixby Creek BridgePRIVATE 

In this activity you will analyze the shape of Bixby Creek Bridge in California.  This example is used to teach you how to make Data Image measurements. 

Activity procedure

· Open Coach 6 Data Video Introduction > Bixby Creek Bridge.
Opening an image 

· To open an image right click the Data-Video window and select the Open... > Single picture option. 

· Select Bixby Creek Bridge in California. 

· A screen showing a photograph of Bixby Creek Bridge in California (highway 1, 13.3 miles south of Carmel) appears on the screen. The central span of this bridge is 320 feet long and 265 feet high. This span is supported by an arch underneath. 

Calibration

· Right click the Data Video window and select Change Scale.... 

· Select Same scale in all directions.

· Move the scale-ruler such that it matches the roadway between two main piers supporting bridge. 

· Fill out the scale length: 100 m.

· Move the origin of the coordinate system to the middle point of the bridge. 

Video points

· Video points are points collected during the measurement.  Right click the Data Video window and select the Video Points... option.

· Set the Number of measured points to 12. 

Collecting data

· Press the green Start button.

· Click on suitable points on the supporting beam of the bridge, starting from left and continue to right. 

· The measurement will stop automatically after 12 video points have been collected. 

· If you are not satisfied with some of your marked points you can select a point, it becomes active and changes its color, and move it to another location. Watch the diagram update simultaneously. 

Displaying of data

· To plot the data right click in the Data Video window and select Display as a Diagram. The shape of the cursor changes into a small diagram. Click the lower left pane to place the diagram.

· In the diagram, the horizontal (P1X) and vertical (P1Y) Cartesian coordinates of the data points are plotted against each other. If desired, you can change the names P1X and P1Y into X and Y, respectively.

Analysis

In the diagram, the data points seem to lie on a parabola. Right click the diagram and select Process/Analyze > Function Fit and try to find the parabola that fits best. What do you think of this approach?
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Activity: Rectified Clifton Suspension BridgePRIVATE 

In this activity you will analyze the shape of Clifton Suspension Bridge and try to answer the question “Is the shape of the arch of this bridge a parabola?”
This example is used to teach you how to use the Perspective Correction option on digital images. 

Activity procedure

· Open Coach 6 Data Video Introduction > Rectified Clifton Suspension Bridge. 
· The image is already scaled: the roadway between the piers is 214 m long and the height above roadway of the pier in the background is 26.2 m. The origin of the coordinate system is located on the lower left corner of the pier in the background. 

· Press the Start button. 

· Click on suitable points on the front arch of the bridge, start at left and continue to right. 

· If you are of opinion that you have collected sufficient data, press the Stop button. In the diagram, the vertical (P1Y) and the horizontal (P1X) Cartesian coordinates of the data points are plotted against each other. If desired, you can change the names P1X and P1Y into X and Y, respectively. 

· In the diagram, the data points seem to lie on a parabola. Is this true? 

· Right click the Diagram pane and select Process/Analyze > Function Fit and try to find the parabola that fits best. What do you think of this approach?

· The measured positions on the cable do not lie on a parabola; the best quadratic fit does not match well with the data. With help of the Perspective correction option the plane formed by the piers and the left side of the road can be rectified to a fronto-parallel view. Then the cable is almost in this plane and a more realistic measurement can be done. 

· Before you start the measurement erase your video points by right clicking the Data-Video window and selecting Erase All Values. 

Correction of the perspective distortion

· Right click in the Data Video window and select the Perspective Correction option.  A rectangle is placed on top of the picture.

· Translate the rectangle such that its lower left corner matches the bottom of the pier in the background. Move the rest of the corners of the rectangle one by one to the bottom and top of the two piers. The image will be transformed accordingly.

· If desired, you can scale by moving the cursor to a side of the rectangle so that the cursor becomes a two-sided arrow and by dragging the horizontal or vertical side.

Image calibration

· In the corrected, fronto-parallel view of the bridge, the scaling in horizontal and vertical direction is not the same. You have to re-scale your image. 

· Right click in the Data Video window and select the Change Scale... option. 

· Select in the dialog window Different scale in horizontal and vertical direction.

· Move horizontal and vertical scale-rulers such that they match the sizes of the rectangle. 
· Fill out the scale lengths in the dialog window: height is 26.2 m and span size is 214 m.

· Move the origin of the coordinate system to the lower left corner of the rectangle.

· Now you may deselect the menu item Perspective Correction.

Collection of data

· Press the Start button.

· Click from left to right on suitable points on the front arch of the bridge. 

· If you are of opinion that you have collected sufficient data, press the Stop button.

Analysis

· What shape has the Clifton Suspension Bridge? Is this a parabola? 
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Activity: Analyzing motion with photographyPRIVATE 

Stroboscopic photographs can be used to study motion qualitatively and quantitatively. 

In case of very rapid motions, like the motion of the falling ball, each time the strobe light flashes, an image of the ball is recorded. Successive strobe flashes are always separated by equal time intervals. Qualitatively, the spacing between images can be used to calculate velocities and accelerations. 

In this activity you will analyze the stroboscopic photograph with recorded images of a ball at 0.033 s intervals as it was being dropped. This example is used to teach you how to make measurements on stroboscopic pictures. 

Activity procedure

· Open Coach 6 Data Video Introduction > Analyzing motion with photography. 
Distance calibration

· Right click the Data Video window and select Change Scale.... 

· Select Same scale in all directions.

· Move the scale-ruler such that it matches the 1 m part of the meter stick. 

· Fill out the scale length: 1 m.

· Move the origin of the coordinate system to the lowest ball image. 

Time calibration 

· Right click the Data Video window and select Time calibration.... 

· Select Stroboscopic picture.

· Select Stroboscopic time interval and fill 0.033 s.  

Video points

· Select the Video Points... option.

· Set the Number of measured points to 17. 

Collecting data

· Press the Start button.

· Click ball images, starting from top and continuing to bottom. 

· The measurement will stop automatically after 17 points have been collected. 

· If you are not satisfied with some of your marked points you can select a point, it becomes active and changes its color, and move it to another location. 

Displaying of data

· Right click the Data Video window and select Display as a Diagram to plot the data points. The shape of the cursor changes into a small diagram. Click in the lower right pane to place the diagram.

· In the diagram, the horizontal (P1X) and vertical (P1Y) Cartesian coordinates of the data points are plotted against time. You are interested in the vertical motion of the ball and you can make the P1X axis invisible (use the Create/Edit diagram option).

Analysis

1. Describe the motion of the ball. Describe the distances between images of the ball during its motion. What can you deduce about the ball's speed?

2. Create a graph of the vertical velocity versus time (use the Derivative option). 

· What was the initial velocity of the ball?

· What was the final velocity of the ball? 

· What can you deduce about the ball's acceleration?

3. Calculate the average acceleration of the ball (use the Slope option). How does the measured acceleration compare with the gravity acceleration? 

5. Data Image Examples
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Activity: Zeeburger Bridge

In this activity you analyze the shape of the Zeeburger Bridge in Amsterdam across the Amsterdam-Rhine Canal. You record the coordinates of points on the arch bridge and you derive from these data the height as a function of the horizontal distance. 
Activity procedure

1. Open Coach 6 Data Video Examples > Zeeburger Bridge. 
2. Calibrate your image by using a white ruler of 80 m length.  

· Right click the Data Video window and select Change scale.... 

· Drag and resize the end points of the scale-ruler (red by default) to match the horizontal white ruler. Specify the scale length of 80 m. 

· If desired, you can move the coordinate system by dragging its origin (drag the small circle). Locations for which the mathematical formulas will be simplest for symmetry reasons are the top of the arch or the points on the road straight under the top of the arch. 

· Press OK.

4. Start your measurement by pressing the Start button.

5. Click on suitable points on the front arch of the Zeeburger Bridge (from left to right). 

6. The data appears in the diagram of the horizontal (P1X) and vertical (P1Y) Cartesian coordinates of the video points are plotted against time.

7. If you are of opinion that you have collected sufficient data, press the Stop button.
Assignments
Analyze the mathematical shape of one of the arches of the Zeeburger Bridge. In mathematical terms: what function has a graph that fits well with the arch and stays closest to the measured video points.

· Make a diagram in which P1Y is plotted against P1X, if you have not done this yet, and change the names P1X and P1Y. If you replace in the Create/Edit diagram… dialog window the quantity P1X, connected with column C2, by x, and the quantity P1Y of column C3 by y, then you have “normal” mathematical symbols.

· Right click in the Diagram window and select Scan. Place the cursor at a point in which you are interested and read off its values. You can also read off the values in the table.
· Verify the answer by measuring the position with a computerized ruler. Right click the Data video window and select Show > Ruler. Drag the endpoints of the ruler so that they lay on the points between which you want to know the distance.

· In the diagram, the data points seem to lie on a parabola. 
Right click the Diagram window and select Process/Analyze > Function Fit and try to find the parabola that fits best.
Activity: Weights

The arch of the Zeeburger Bridge can be seen as a parabolic shape, on which hang equal weights at equal distances (in horizontal direction). Each beam “bears” a same portion of the road surface. The arch of the Creek Bridge (project Data Video Introduction > Bixby Creek Bridge Activity) has also a parabolic shape which support equal weight placed at equal distances form each other (again, equal distances in horizontal direction). 
In this activity you are going to study the “inverted” model: a weightless chain on which hang equal weights at equal horizontal distances.
Activity procedure

1. Open Coach 6 Data Video Examples > Weights. 
2. The image shows a chain with hanging weights. These weights have been placed symmetrically such that the horizontal distance is always 1 dm.
3. Coordinate system and scaling have already been chosen.
4. Click the Start button and measure seven video points: the two suspension points and the five points on the chain to which the five weights have been attached. The drawing below is a simplified display of the video image. 
Assignments 
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Measure in the video screen with the protractor the angles of inclination (A, (B, and (C. 
Measure in the diagram window the slope of the segment AB, of segment BC, and of segment CD. 

Maybe you notice some regularity in the angles and/or slopes or in their ratios?

2. Draw on paper the graph of the standard parabola y = x2 with A(0,0), B(1,1), C(2,4), and  D(3,9). Compute (A, (B  and (C. Compute the slope of AB, of BC, and of  CD.

3. Investigate whether the regularity that you have found in exercise (2) also occurs for the standard parabola. If you did not find regularity in (2), try if you can find the regularity of exercise (3) back in (2), approximately. (If desired, compute the coordinates of more points of the standard parabola.)
4. You have seen that the model of weights hanging on a weightless chain indeed leads to a parabolic shape. Hopefully you have also found that there exists a simple relation between the slopes of consecutive straight segments of the chain. This regularity can be explained by equilibrium of forces acting on the chain. 
The figure below is the basis of our reasoning:
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The (equal) weights lead to a gravitational force Fz in each point of application. For simplicity it is assumed that Fz = 1.

The weight A hangs in equilibrium by the tension forces in FAs in the left- and the right-segment of the chain. Because of symmetry the tension forces on the left and on the right are equal in magnitude. Easy reasoning gives that the vertical component of FAs must be equal to 0.5Fz. A gravitational force and two tension forces cause the equilibrium of the point of application B.

· Reason out that the slopes of AB, BC, and CD (if another weight would be placed) are in ratio 1 : 3 : 5 .
5. Not every hanging chain has a parabolic shape. More strongly: Christiaan Huygens (1629-1695) proved that an unloaded homogeneous chain certainly not hangs in a parabolic shape. Such a freely hanging chain is displayed on the image Necklace. 
· Open the Necklace image and try to find the shape of a perfectly flexible chain hanging under gravity?
Activity: Golden Gate Bridge

In this activity you analyze the shape of the Golden Gate Bridge. 
Activity procedure
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Open Coach 6 Data Video Examples > Golden Gate Bridge. 
2. The image shows the Golden Gate Bridge. 

3. Correct the perspective distortion. 
· Right click in the Data Video window and select Perspective Correction. 
· Translate the rectangle such that its lower left corner matches the left bottom of the tower at the roadway. Drag other corners of the rectangle one by one to the bottom at the roadway and top of the two towers. The image will be transformed accordingly.
4. Calibrate the image. Use the following data: the height of the towers above the roadway is 152 m and the size of the main span is 1280 m. 

5. Press the Start button and click from left to right on suitable points on the front arch of the bridge. If you are of opinion that you have collected sufficient data, press the Stop button. 
Analysis

· What is the shape of the front arch of the bridge (use Analyze > Function Fit).

IV. Modeling Activities

Table of Contents

1241. Introduction


1252. Introduction to Modeling


125Activity: Creating Graphical model - Bathtub


127Activity: Modifying Graphical model – Population growth


128Activity: Creating Equations model - Motion of a runner


131Activity: Introducing Events - Bouncing ball


1323. Biology models


132Activity: Trees


133Activity: Unrestrained mice growth


134Activity: Carrying capacity


135Activity: Weasels eat mice


137Activity: Spruce Budworms


139Activity: Foxes-Hares model


140Activity: Water stream


1414. Chemistry models


141Activity: Model A ( B


142Activity: Model P ( Q


143Activity: Combustion of carbon monoxide


144Activity: Reaction of magnesium and acid


145Activity: Crystal violet


1465. Physics models


146Activity: Bicycle motion


148Activity: The fall of the parachute jumper


150Activity: Damped oscillations


152Activity: Cooling down a cup of coffee


153Activity: A lamp connected to the capacitor


154Activity: The rocket




1. Introduction

Modeling Activities allow using and creating models of dynamical changing systems. Coach offers three modes of constructing and viewing models: Graphical, Equations and Text modes. 

Graphical mode is based on the stock and flow approach. Models are built with graphical elements: state variables (similar to the stock concept), flows, auxiliary variables and constants. Discrete changes of state variables can be provoked with events. Relationships between model variables are given by connectors and formulas. Dynamic processes of a modeled system are determined by rates of change of state variables
 which in turn are represented mathematically by differential equations. 


Equations mode is a textual representation of the mathematical equations hidden behind the model structure. These equations consist of differential equations, formulas for calculation of auxiliary variables, set of initial values and constant values. It is possible to create and modify models directly in Equations mode; model equations are constructed by using variable icons. Changes made in Equations mode are automatically made in Graphical mode and vice-versa. 


The model differential equations of Graphical and Equations mode can be solved by one of the numerical iteration methods: Euler, Runge-Kutta 2 or Runge-Kutta 4. 

Text mode is also a textual representation of model mathematical equations. In this mode a model is constructed according to the Coach Language rules
; it is actually a program that consists of equations for calculation of the model variables according to the selected iteration method. It is also possible to create and modify models directly In Text mode, a model is built by entering equations which have to be structured according to the rules of Coach Language. This mode is very similar to Text mode of Coach 5. Models created and changed in Text mode can not be viewed in Graphical or Equations mode. 

The model results can be compared to experimental data (from measurement or video measurement). The model can be easily modified or a parameter can be changed so students can test their hypothesis and make links between the real experiment and the theoretical model.

Modeling allows solving realistic problems that cannot be solved analytically at the school level. Models of interesting and complex everyday-life phenomena are possible to create e.g. falling with the air resistance, charging and discharging capacitor, damped and forced oscillations, radioactive decay, etc. The formulation of such numerical models is often rather simple and conceptually easy to understand, and may bear little relation to the mathematical difficulty of getting a solution. For example a simple growth model is rather transparent, while the exponential function, which is the solution, would be considered rather difficult. Similarly oscillator damped by various kinds of frictional force presents considerably mathematical difficulties, while rising only slowly in computational difficulty.

There are broadly three possible ways of using Modeling. 

· Call up the prepared model, run it and discuss with the students how it works.

· Start with a prepared model or with parts of a model and build up a new model, after discussion, by revising or adding to what is already there.

· Start with nothing, and build up the desired model from scratch, during discussion with the class. 

The first is close to using Modeling as simulation program, with the difference that the model is visible, and can be changed. The Simulation option is very useful in this case. The second is useful in helping students to see how different problems relate to each other. The third is useful for example in modeling a phenomenon being studied in a student investigation. 
2. Introductory Modeling Activities
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Activity: Creating Graphical model - Bathtub 

In this activity you are going to learn how to construct a simple graphical model. 
Assume a very simple dynamic system – a bathtub system. The bathtub acts as water container that gains the water through a tap with a faucet and loses it through the drain. 

Activity procedure

· Open Coach 6 Activity Introduction to Modeling > Creating Graphical model – Bathtub. 
· The Model window is empty. 

Constructing a model 

1. To represent water in the bathtub the state variable is used. 

· Click the State variable icon in the toolbar of the Model window. The cursor shape changes into the symbol of the state variable. 

· Move the cursor onto the Model window, position it and click. The variable is labeled State_1. 

· Rename the variable into Bathtub. The symbol and its name remain selected which allows easy renaming it by overtyping.

2. To represent water flow into and out of the bathtub the flow variables are used.

· For the inflow: select the flow icon by clicking on it, position the cursor at the left side of the Bathtub and drag it to the right until it makes contact with the state variable. 

· For the outflow: select the flow icon by clicking on it, position the cursor inside the Bathtub and drag it to the right. 

3. Question marks in the three elements indicate that no numerical quantities or mathematical expressions have been assigned for these variables. Assume that there is 10 liters of water in the bathtub, there is the constant inflow rate of 4 liters per minute and outflow rate of 1.5 liters per minute. 

· Double click on the Bathtub variable. Its properties window opens. Enter unit (l) and Initial value (10). If you like you can give an extra description of this variable. This description together with the initial value will be displayed when mouse cursor is placed over the Bathtub graphical symbol. Click OK. 

· Double click on the inflow. Name it Fill and check the option Show name. Enter unit (l/min), and definition (=4). Click OK. 

· Double click on the outflow. Name it Drain and check the option Show name. Enter unit (l/min), and definition (=1.5). Click OK. 

4. By default time t with unit s is used as the independent variable. You are interested to see the bathtub volume change in minutes. 

· Click the Independent variable icon and change the unit from s into min. Click OK. 

5. To see how the bathtub volume responds to the inflow and the outflow right click the Bathtub symbol and select the Display as diagram option. Click the left, upper pane to place the diagram. 

6. In the same way display the diagrams of Fill and Drain flows. Use other two empty panes.

7. The length of the run can be changed in the Model settings window. Click the Settings button available in the Activity toolbar. Change the Stop time into 60 with a time step of 0.25. This step interval is the increment of time over which the program does the calculations specified by the model. 

8. You may notice that in the Model Settings window you can also set the integration method that the program uses to make the calculations. Euler's method is usually the default method. The Runge-Kutta methods give more accurate results. It is often a good idea to run your models with a variety of step intervals and integration methods to be sure that your results are not an artifact of the calculation method.

Executing a model 

1. First think about how this system might evolve – try to predict how the Bathtub volume, the Fill flow and the Drain flow change over time. 

2. Use the Sketch option to draw your predictions. 

3. Execute your model by clicking the Start button. The computer will plot the graphs. Use the Zoom to fit button to adjust the scale of your diagram.  

4. Right click the Model window and check the Run controller option. You can use the time slider to step through the time values. 

5. What kind of function describes the Bathtub volume versus time graph? 
You can use the Function Fit option available in the Tool menu of the Diagram pane. Can you conclude what is the meaning of the slope of the bathtub graph? 

6. Investigate the graphs for different Fill and Drain rates. 

· What happens to the water level in the bathtub when the Fill is set zero? 

· What happens to the water level in the bathtub when the Drain is set to zero? 

· What component of an actual bathtub is missing that prevents disaster in previous case? 

7. Now assume that the Fill flow changes in time, the first 20 minutes the flow rate is 5 liter per minute and then it becomes 2 liter per minute. Change your model by using condition for the Fill flow. Describe the resulting graphs. 

Modifying the model

Modifying a model to better simulate a real system is an important part of the scientific process. Let's try to improve the bathtub model. Actually the rate of flow through drain is not constant. For a given drain opening, the more water in the tub, the grater the rate of flow. The rate of flow is a function of water volume in the tub. 

1. You are going to change your model to reflect the relationship between the drain rate and bathtub volume. Such dependence can be shown in the model by using connectors.

· Select the Connector icon. 

· Place the cursor inside the Bathtub symbol. 

· Click and hold the mouse button. Drag the cursor out of the state variable until it makes contact with the Drain flow. Release you click.
· If you are picky about the arc traced by your connector, you can bend it in any way you like. To do so click the connector and use 4 given points; 2 points which stick to the variable allow sliding around the variable edges. The other 2 points allow bending the connector.  

2. Redefine your Fill and Drain flows. First assume that the faucet is closed.

· Double click the Fill and set it to 0 liters per minute.

· Double click on the Drain. Replace the constant value with the equation Drain = 0.1 * Bathtub. Use the Formula Editor to construct your formula. 

3. Use the Sketch option to predict the results of your model. 

4. Execute your model. 

5. What kind of function describes the Bathtub volume graph? You can use the Function Fit option available via the Tool menu of the Diagram pane. 

6. How would you change your Fill flow rates to keep the same amount of water in bathtub?


Activity: Modifying Graphical model – Population growth 

In this activity you are going to investigate the population growth. This example is used to teach you how to modify graphical models. 

Activity procedure

· Open Coach 6 Activity Introduction to Modeling > Modifying Graphical model – Population growth. 
· The Model window displays a simple model of the population growth in a small Dutch town. The town has 5000 inhabitants. Every year there are 150 babies born in the town and 75 people die.  

· Execute the model by clicking the Start button. 

· Describe how the population is changing in time. 

This model is not very realistic; the assumption was made that the birth and death rates in the town are constant. In real life both the birth and death rates of a population depends on the current size of that population. Let's modify the model. 

Modifying the model

1. Birth rate is a fraction of the existing population. It represents the fertility of the population. The birth fraction is calculated by dividing the average birth rate by the average population. In our case it would be 0.03 per year (3% per year). You can put the birth fraction into your model by using the constant variable.  

· Select the Constant. Position the variable symbol below and the left of Birth flow. Click to place it. Label it Birth_fraction. 

2. You know that the Births flow depends on the birth fraction, so you need a connector linking the Birth_fraction to Births.   

· Select the Connector icon. Click the Birth_fraction symbol and drag the connector until it makes contact with the Births flow. Release you click.

3. The Births depends also on the total population, so you need a connector linking the Population to Births.   

· Select the Connector icon. Click the Population symbol and drag the connector until it makes contact with the Births flow. Release you click.

4. Notice that now Births contains a ? again. The previous equation is not valid anymore. Connectors drawn from Population and Birth_fraction to Births inform us that the equation for Births must contain the variable population and Birth fraction constant. 

· Double click the Births flow and redefine it. Use the Formula Editor. Notice that only connected variables are available in the Formula Editor. 

5. Make similar changes to the Deaths flow. The Death_fraction represents the mortality of the population. The calculated Death_fraction for our population is 0.015 or (1.5%).

6. Run you model. For the execution of the model you can also use the Run controller.
7. Describe the way the population growths. Use the Function Fit option to find the function which fits your graph. 

8. Use the Simulate option available in the Model window menu to simulate different values of births and death fractions.

· What happens to the total population in a situation where births fraction is greater than the death fraction? 

· What happens to the total population in a situation where births fraction is lower than the death fraction? 
9. There are two feedback loops in this model; can you tell which variables are involved in these loops?
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Activity: Creating Equations model - Motion of a runner 

In this activity you will learn how to create a dynamical model in Equations mode. For this you will use the model of a runner. 
In Equations mode, instead of graphical symbols the mathematical equations are used. These equations describe the distance covered by the runner and its velocity over time. It is not possible to type equations directly; they are constructed by using the Variable buttons available in the toolbar of the Model window.

Activity procedure

· Open Coach 6 Activity Introduction to Modeling > Creating Equations model – Motion of a runner. 
· The Model window is empty. 

Constructing the model 

1. To represent a Distance traveled by the runner the state variable is used. 

· Click the State variable icon in the toolbar of the Model window. Its Properties dialog opens.

· Fill the variable properties: name Distance, unit m, Initial value 0. 

· The Distance is growing with a certain rate of change (Inflow). Click the Add inflow button and name it Rate_Of_Change_Of_Distance (for explanation see also Model explanation below). As a result the State and Flow variable equations are placed in the left pane of the Model window and the Initial value equation is placed in the right pane of the window. Notice that the Flow is not defined yet, it displays ‘?‘ sign. You will define it later. 

2. From your physics lessons you know that the rate of change of distance of a moving object is actually its velocity.

· Double click the Flow equation and fill as definition Velocity. 

3. Velocity variable is not defined in your model yet, Coach can not “recognize it” and displays the ‘?’ sign at the beginning of the equation. Let's assume that the runner runs with the constant velocity of 5 m/s. 

· Double click the Velocity equation. 

· Select the Constant variable type and click OK. 

· The Constant variable properties window open. Fill in unit m/s and the constant value 5. Notice that the Velocity equation was moved to the Initial values pane.

4. To see how the distance changes in time right click the Distance equation and select the Display as diagram option.

· Click the right upper pane to place the diagram. 

5. In the same way display the diagram of Velocity versus time. Use other empty pane. 

6. The length of the run can be changed in the Model settings dialog. Press the Settings button available on the Activity toolbar and change the stop time into 20 with a time step of 0.1. This step interval is the increment of time over which the program does the calculations specified by the model. 

7. You may notice that in the Model settings window you can set the integration method that the program uses to make the calculations. In this example the Euler's method is used. 

Executing the model

1. First think about how this system might evolve in time - try to predict how the Distance and Velocity change in time. 

2. Use the Sketch option to draw your predictions. 

3. Execute your model by clicking the Start button. The computer will plot the graphs. Use the Zoom to fit button to adjust the scale of your diagram.

4. Right click the Model window and check the Run Controller option. You can use the time slider to step through the time values.

5. What kind of function describes the Distance versus time graph? You can use the Function Fit option available in the Diagram/Table pane. 

6. Use the Simulate option available in the Tool menu of the Model window to simulate different velocity values.  

7. What is the meaning of the slope and y-intercept of the Distance versus time graph?
Modifying the model  
Let's assume that the velocity of the runner is not constant, the runner accelerates at the starting phase of his motion. You are going to change the model to reflect that the runner velocity is not constant.

1. Remove the Velocity constant from your model. 

· Select the Velocity equation in the Initial values pane and delete it with <Del> key. 

2. To represent the velocity which is changing in time the State variable has to be used. 

· Click the State variable icon. Its properties window opens. 

· Fill the variable properties: name Velocity, unit m/s, initial value 0. 

· The Velocity is growing with the certain rate of change (Inflow). Click the Add inflow button and name it Rate_Of_Change_Of_Velocity. 

3. From physics you know that the acceleration of a moving object is the rate of change of its velocity. 

· Double click the Flow equation and fill as definition Acceleration. 

4. Acceleration variable is not defined yet, Coach displays the ‘?’ sign at the beginning of the equation. Assume that the runner accelerates with the constant acceleration of 1.5 m/s2. 

· Double click the Acceleration equation. 

· Select the Constant variable type and click OK. 

· The Constant variable properties window opens. Fill in unit m/s2 and the constant value 1.5.

5. Use the Predict option to predict the results of your model.

6. Execute your new model. 

7. What kind of function describes the Distance versus time graph? You can use the Function Fit option available in the Diagram pane. 

8. Use the Simulate option available in the Model window menu to simulate different Acceleration values.  

9. What is the meaning of the slope and y-intercept of the Velocity versus time graph?

Model explanation 

The model describes the motion of a runner. Time increments by a small interval dt 

t = t + dt 

this equation is hidden and not shown in the Model equations.  

Distance traveled by the runner is calculated based on the formula: 

Distance(t) = Distance(t-dt) + dDistance

which means that the new Distance is the previous Distance plus small distance dDistance covered by the runner in the small time interval dt. For the first calculations the initial Distance value 0 m is used. 

The runner runs with a certain Velocity which can be calculated as the distance dDistance traveled in the time interval dt
Velocity= dDistance /dt, 

in other words the Velocity is the rate of change of Distance. 

Then Distance can be described as 

Distance(t) = Distance (t-dt) + Velocity*dt 

In the language of Modeling the state variable is defined by its rate of change: 

State(t) = State(t-dt) + (dState/dt) * dt  

where the rate of change dState/dt (the change of the State in the time interval dt) is the total sum of all inflows and outflows. For the Distance variable we can assume that its rate of change is determined only by one inflow (positive change in state variable) which is equal to the Velocity. 

When the velocity of the runner is changing in time then the rate of change of the velocity is its acceleration.  

Activity: Introducing Events - Bouncing ball
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In this activity you are going to learn when you can use Events and how to construct them. You are going to create a simple model of a bouncing ball. 

Assume you are dropping a ball from a height h onto a hard floor. When it bounces off it loses energy, its speed is reduced significantly by its interaction with the floor. The ball is characterized by its coefficient of restitution (the ratio of its rebound speed to its collision speed) which in this model has a value of 0.9. 

Activity procedure

· Open Coach 6 Activity Introduction to Modeling > Introducing Events – Bouncing ball. 
· In the Model window you see the model of free falling body. This model describes uniform accelerated motion with acceleration g. The diagrams of height and velocity of the falling ball are prepared. Execute the model to see the graphs. 
· You are going to modify this model into a model of a bouncing ball. 
Modifying the model into bouncing ball model  
At the moment of bouncing the ball velocity changes its direction and speed in the following way:   rebound speed = coefficient of restitution * collision speed. 

In the model of uniform accelerated motion the ball velocity is determined by its acceleration (the rate of change of velocity). At the moment of bouncing the velocity can not be calculated from this equation, the velocity changes its direction and value. It is rather a discrete change of velocity based on a certain condition. Such change can be given with Event. 

When the ball reaches the ground (trigger condition: height =< 0) then velocity changes its direction and value (velocity= - 0.9 * velocity).  

1. Click the Event icon on the toolbar of the Model window, position the cursor at the right of the existing model and click. The symbol of Event is placed in the Model window. 

2. Double-click the Event symbol and define its properties. Event definition is built from two parts, trigger condition and list of actions.

· Define the trigger condition by entering the condition height <= 0 equation in the On field. The relation can by typed in or created with the Formula Editor.

· Define the action by clicking the Add button, selecting the velocity variable from the list and entering its definition (=-0.9*velocity).     

· Click OK to close the Properties dialog.

3. As a result the connectors to variables used in Event are created. 

4. In this model you are going to use the stop condition. Click the Settings button and select condition. The condition is already predefined, explain what it means. 

5. Execute the model. 

6. Click the Show in Equations mode button to see model equations. Notice that Event makes use of Coach Language conditional statement On condition Do statements EndDo.    
3. Biology models
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Activity: Trees 

In the forest are 4000 trees. The forest administrator would like to earn some money by cutting old and planting new trees. He cuts 20% of the trees per year and plant every year 1000 new trees.  

Activity procedure

1. Open Coach 6 Activity Biology models > Trees.
2. Analyze the model and perform assignments.
Model explanation

The number of trees in the forest is given by the State variable Trees. The change in the number of Trees is difference between the number of planted trees and the number of cut trees. Since every year 20% of all trees disappear, the CuttingFactor is 0.2. The constant amount of 1000 trees is planted each year.
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Assignments 
1. Look at the model and predict the graph. 
· Use the Sketch option available in the Tool menu of the Diagram pane. 
· Start the model. Is your prediction correct? 
2. After how many years the number of trees stabilizes? Use the Scan option available in the hammer menu of the Diagram pane. 
3. Calculate how many percent of the trees may be cut to keep the constant number of 4000 trees.
Activity: Unrestrained mice growth 
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Mice have a short reproduction period. This means, that if you start with a small mice population it will grow fast. The mice in the population will get offspring, this offspring will mature and these matured young will breed themselves. The population will grow exponentially. 

Activity procedure

1. Open Coach 6 Activity Biology models > Unrestrained mice growth.

2. Execute the model by pressing the green Start button.
3. Analyze the model and perform assignments.

Model explanation
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The change of mice population is determined by the number of new born mice and the number of death mice. The initial mice population is 10. Mice population changes in time in the following way: 

Mice(t) = Mice(t-dt) + (Births-Deaths)*dt 

The amount of births and deaths depend on the current size of that mice population.

Births = Growth_factor*Mice

Deaths = Death_factor*Mice 

In one period from 100 mice 100 mature offspring originates, the growth factor is 1. In one period from 100 mice 0 mice will die, the death factor is 0.
Assignments 

1. Determine after how many years does the amount of mice exceed acceptable level (amount > 350)?  Determine after how many years the amount of mice exceeds half a million (use the Zoom to fit button). 

2. Before giving birth to a new offspring, 30 of every 100 mice will die. Adjust the initial values to this fact. Does the amount of mice still exceed a certain acceptable growth level (amount > 350)?
Find out after which period a population of 500 mice disappears if they do not give births anymore.

3. Is it possible, with the right combination of variables for the birth- and death rate, to have a stable population? What is your conclusion?
Activity: Carrying capacity 
This activity is the continuation of the Unrestrained mice growth activity. 
In a mice population the growth rate depends on the carrying capacity of the environment. The carrying capacity is the maximum amount of mice the garden can accommodate. In this model you will see how the amount of mice grows but will never exceed the carrying capacity.


Ten mice live in a garden (M=10). Nevertheless there is a limited amount of food. The maximum number of mice the garden can accommodate is called the carrying capacity. Is the size of the garden an effective restraining for mice growth?

Activity procedure

1. Open Coach 6 Activity Biology models > Carrying capacity.
2. Execute the model by pressing the Start button.
3. Analyze the model and perform assignments.

Model explanation 
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Growth factor causes the increase in amount of mature mice if no restrictions are imposed. In one period from 100 mice 100 mature offspring originates, the growth factor is 1. 

The capacity is the optimal amount of mice that can live in the garden. The mortality is high when the capacity is small compared to the amount Mice. Then the amount of Mice divided by Capacity is >> 1.  

The mortality is small if the Capacity is high compared to the amount Mice. Then the amount of Mice divided by Capacity is << 1. 

The relation Mice/Capacity is a measure for the Restraining. 

Assignments

1. How the graph shows that restrained growth take place?

Find out what is the effect of doubling or halving the initial values. What is your conclusion?

2. The size of the garden restrains the population growth. Which variable in the model shows this? 

· Explain how the restrained growth is implemented in the model.

· Explain why no death rate is implemented in the model. 

· Predict at which value the population will stabilize if there is 80 young born mice per 100 mice and garden capacity is 75 mice.

3. Is this model suitable for describing the development of the mice population? Explain your answer.

Activity: Weasels eat mice
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This activity is the continuation of the Carrying capacity activity. 

Many animals have natural enemies; weasels eat mice. If there are a lot of mice, there is a lot of food for weasels. If there are a lot of weasels, a lot of mice are eaten. This affects the number of mice. The decrease in the food for weasels affects the number of weasels. With a few weasels, mice population grows again, and so on. 
Assume that ten mice live in a garden (M=10) and the carrying capacity of the garden is 100, are the weasels able to stabilize the number of mice?

Activity procedure
1. Open Coach 6 Activity Biology models > Weasels eat mice.

2. Execute the model by pressing the green Start button.

3. Analyze the model and perform assignments.
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Model explanation
Restrained growth of mice

The mice population depends on three factors: 

· the mice reproduction, 

· the capacity of the garden,
· the presence of a predator. 
Unrestrained growth of the mice is given by growth factor G = 1 (100 mice are born per 100 mice) 

Restrained growth of the mice is given by restraining R = M/V where capacity V is 100. 
The mice population depends also on the amount of weasels and on their success. There are 20 lucky weasels per 100 meetings (O=0.2).  

Growth of weasels

The growth of the weasels is given by growth factor A = 0.03 (3 weasels are born per 100 weasels).  The population of weasels will increase if there are more mice. Death rate of the weasels is not influenced by the number of mice only given by the death factor D = 0.6 (60 deaths per 100).             

Assignments

1. At which moment does the weasels population grows fastest compared to the number of mice?  At which moment is the decrease in weasel number highest compared to the number of mice? 
· Compare the equilibrium at which the number of mice stabilizes with the results from the other models (2 previous Activities). 

2. Increase the carrying capacity of the garden 2 times. Calculate with the model at which equilibrium the number of mice and weasels stabilizes.  
3. Increase the success rate at which the weasels catch mice 2 times.

· Calculate with the model at which equilibrium the number of mice and weasels stabilizes. 

· These results and the results of assignment 2 are remarkable. Explain why?
4. In this model, the mice population is completely kept under control by the presence of weasels. Even if weasels hardly catch mice and if the carrying capacity of the garden is high. 

· Show that in this model, after a long period, the number of mice only depends on the growth and the death rate of the weasels. 

· The amount of weasels is much smaller than the amount of mice. Is this realistic?
5. Explain why this model is well/not useful to describe the growth of the mice and weasels population.

Activity: Spruce Budworms
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The spruce Budworm (Choristoneura fumiferana) lives in northern coniferous forests and its number irrupts at approximately every forty years. If the population grows it causes much damage for the wood industry. Budworms eat leaves. Their density depends on the carrying capacity of the forests (which depends on the average leaf area per tree). 

The model in this activity describes the change of the Budworm population in time. The changes in the population are determined by the number of new born Budworms and the number of dead Budworms. The deaths of Budworms are caused mainly by birds. In the model is considered the predator pressure as constant.
Activity procedure
1. Open Coach 6 Activity Biology models > Spruce Budworms.

2. Execute the model by pressing the Start button.

3. Analyze the model and perform assignments.

Model explanation
[image: image168.jpg]


For the growth of the Budworm population the following rules are taken into account: 

At the low density of Budworms the number of births increases together with the size of the population. At high density the population size is limited and has its maximum size. 

The following formula describes the population 


growth = r*N*(1-N/K) where  


N = is the number of Budworms

r = growth rate of the Budworms

K = carrying capacity of the forest.

The Budworms are killed mostly by birds. The number of birds in the forest is not determined by the number of Budworms because there are also alternative food sources. The number of birds remains the same. 

When the density of Budworms is low then birds have difficulties to find them and eat less of them. Birds eat more worms when the density of Budworms is high. Birds have maximal amount of Budworms which they can consume. Since the number of birds remains the same then the number of eaten Budworms reaches a maximum. 

The predation term is given by   E*P*N^2/(O^2 + N^2)   
 where

E = maximal efficiency of the predator 

P = predation pressure

O = Budworms density at which the predator pressure (P) is optimal

K and O are both composed of a constant (respectively c and f) and the average leaf area per tree (A). K=c*A and O=f*A
Assignments

· Using an initial population of 30 spruce Budworms, determine the stable equilibrium for the Budworm population for the following values of A = 1700, 2150 and 2500. 

· Repeat the analysis done above for the same values of A but with an initial population of 25000 budworms. When comparing your results with those from the previous problem, you should notice something interesting. 

· Use A = 2150. Try to determine between which (whole) values of N the graph "jumps" to the other equilibrium.

· Explain the changes in height at which the equilibrium stabilizes, when N is constant and A varies. What does this mean in the biological situation?

Activity: Foxes-Hares model
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One of nature's rules is eat, or be eaten. It is not unusual that one species lives by eating another species. When looking at a population of arctic hares and a population of arctic foxes, it will be clear that the hares serve as food for the foxes, in other words, the fox is the predator, and the hare is the prey. 

In this activity you are going to use predator-prey model.
Activity procedure
1. Open Coach 6 Activity Biology models > Foxes-Hares model.

2. Execute the model by pressing the Start button.

3. Analyze the model and perform assignments.

Model explanation
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The model consists of two populations, the Hares population and Foxes population. 

M is the growth factor of the hare population.  

K is the death factor of the hare population. 
Foxes kill hares so the total number of hare deaths depends also on the number foxes. 

G is the growth factor of the fox population. Foxes need hares to survive, so the total number of fox births depends also on the number of hares. 

D is the death factor of the fox population.
Assignments
1. How large is the population of hares and foxes after 15 months?

· How large is the population of hares and fixes after 22 and 31 months?
2. Explain the graph of the number of foxes versus the number of hares. 

Activity: Water stream
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In and around a water stream live many different organisms. Both plants and animals have their own natural habitat. Think, for example, of reed, algae, water thyme, fish, birds and insects. All these plants and animals live together and provide each other with nutrients. The plants produce oxygen which is of vital importance for the animals. At night, the plants themselves also require oxygen. The dissolved oxygen concentration in the water, which increases strongly during the day, decreases during the night. 

The model in this activity calculates the oxygen concentration in the water over time. You can study furthermore which factors influence the oxygen levels in the water. 

Activity procedure
1. Open Coach 6 Activity Biology models > Water stream.

2. Execute the model by pressing the Start button.

3. Analyze the model and perform assignments.

Model explanation
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In the model a number of factors of the natural habitat are calculated. Some of these depend on each other. 

In photosynthesis plants produce oxygen. The light intensity influences photosynthesis, the higher the light intensity, the higher the photosynthesis rate. 

Oxygen in water is being used in respiration process as well by plants and as by animals. 

The respiration is influenced by the oxygen concentration and the number of plants and animals. 

The light is defined such that there is a day and night rhythm.

Assignments
1. You can explore the influence of a specific parameter in the model by right clicking the Model window and selecting the Simulate option. Select a new variable value and click Start. The graph corresponding to the entered value is drawn. 

· Explore the influence of the variable Animals. Explain the results. 

· Explore the influence of the variable Plants. Explain the results.
4. Chemistry models

Activity: Model A ( B

A small but very harmful amount of compound A pollutes a pond. It reacts with water to form the harmless compound B:

A + H2O ( B

Compound A does not disappear immediately. How do A and B change in time?

Activity procedure
1. Open Coach 6 Activity Chemistry models > Model A ( B.

2. Analyze the model and perform assignments. 
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Model Explanation

Decrease of [A] is equal to increase of [B]. 

The reaction rate v is proportional to [A].

v = k*[A] 

Water is in excess so [H2O] is about constant.  
Even if the reaction rate is also proportional to [H2O], so v=k'*[H2O]*[A] then still v=k*[A] and k'*[H2O] = k.
Assignments 
1. The diagram shows you the decrease of [A]. Predict the change of [B].
· Right click the Diagram pane and select Sketch. Draw the change of [B]. Press <Esc> to finish your prediction.

2. Display a graph of the change of [B].
· Right click the Diagram pane and select the Create/edit diagram option. Click on C3 and choose Axis, Second vertical. Click OK. 
· Does the curve agree with your prediction?

Note for this reaction: Decrease of [A] = Increase of [B]

· Explain how it is given in your model. 

· What relationship has been assumed between [A] and the reaction rate (v).

· Why does [H2O] not appear in the rate equation?

3. The reaction will be faster at a higher temperature. 
· Change an initial value to simulate a reaction at a higher temperature.

· How do the curves show you that the reaction takes place faster?

· Simulate also a reaction at a lower temperature.

4. (Use the original initial values). After some time [A] will be half the initial value. This time is half-live time of [A] for this reaction.

· Determine in the diagram the half-live time of [A].

· Study the graph to examine if the half-live time of [A] also depends on [A]. What is your conclusion?

5. The safety level of compound A is [A] < 4 mmol/l.

· Estimate using the half-live time at what time the safety level has been reached. Check your answer using the graph.

6. In the model proportionality has been assumed between reaction rate and concentration.

· Change this assumption in the model into: 
the reaction rate is proportional to the square of [A] ([A]2).
Examine again the relation between concentration and the half-live time of [A]. What is your conclusion?
Activity: Model P ( Q
A compound P reacts to a compound Q: P ( Q.  Does this chemical equation also describe the process during the reaction? 
Activity procedure
1. Open Coach 6 Activity Chemistry models > Model P ( Q.

2. Analyze the model and perform assignments. 
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Model Explanation

The model has been composed from two parts. Each part is identical to the model from the previous Activity: Model A ( B.  
Assignments 
1. Click the Start button to execute the model and show the change of [P] and [Q] in the diagram. The mixture of P and Q has a volume of 500 ml. Check in the diagram:

... mol of compound P at t=400 s has been converted into ... mol of compound Q.

2. Atoms disappeared? Before you continue, think about what could have happened with compound P. Continue after you have formulated a suggestion.

3. Compounds disappear but atoms normally don't, so compound P cannot directly form a compound Q.  It is necessary to assume an intermediary compound I:

Step 1: P ( I

Step 2: I ( Q

· Predict the change of [I] (Use the Sketch option in the Diagram menu).
· Show [I] in the diagram by selecting Create/Edit diagram. Choose C3 and set Axis to First vertical.
· Does the [I]-curve agree with your prediction?

4. Study the model. Note the distinct rate constant for every reaction step. Simulate graphs with kQ = 0.5. The graph looks like the reaction A ( B from Activity: Model A ( B. Suggest reasons for this similarity.

5. Simulate graphs with kQ = 0.0000000005 (or 5e-10).

· Again the graph looks like the reaction A ( B from Activity: Model A ( B. Suggest reasons for this similarity. 

· Someone proposes that this situation actually describes the reaction P ( I? Is this right in an every day practical situation?

6. The step, prescribing the rate of formation of compound Q is the rate that determines step.

· What is the rate determining step in problem 4? Which step is it in problem 5? 

Activity: Combustion of carbon monoxide

Exhaust gas still contains CO. To convert CO into CO2 the gas must be heated with sufficient air (oxygen in excess).  During a day it is allowed to be exposed to a CO concentration of 50 ppm (55mg/m3). 

Is it possible to remove sufficient CO from exhaust gas to be safe for daily exposure e.g. exhausting gas from an indoor lift-truck?

Activity procedure
1. Open Coach 6 Activity Chemistry models > Combustion of carbon monoxide.

2. Analyze the model and perform assignments.
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Model Explanation

Reaction rate v is proportional to as well to [CO] as to and [O2]. 
v = k*[CO]*[O2]         

A decrease of [CO] = an increase of [CO2]  

d[CO]  = -d[CO2]  

A decrease of [O2] = an increase of [CO2]/2
d[O2] =  -d[CO2]/2 

Notice in the model how the rate constant k depends from temperature.

Assignments 

1. A model describes the conversion of CO in CO2 at 1125 K.
· Click on the green Start button to execute the model.
· Determine from the graph how long the mixture must stay at 1125 K to reach the concentration for daily allowed exposure.

2. To treat as much exhaust gas as possible it has to stay in the reactor as short as possible.
Show by making graphs. 

· 10 % increase of [O2] is hardly effective.

· 50 % decrease of [CO] has no sense.

· 10 % increase of the temperature is very effective.

3. To treat as much as possible exhaust gas it must stay at most 10 s in the reactor.  

· Determine with an accuracy of 5 K what the minimum temperature in the reactor should be.

· Use the original initial values for the concentrations:
[O2]= 5 mol/m3
[CO] = 0.04 mol/m3
[CO2]= 0.00 mol/m3.

Activity: Reaction of magnesium and acid 

The model in this activity simulates the decrease of [H+] during the reaction of Mg and H+. 
The model contains an assumption about the reaction rate (v). You must verify this assumption according to measurement results.

Activity procedure
1. Open Coach 6 Activity Chemistry models > Reaction of magnesium and acid.
2. Analyze the model and perform assignments.

Model Explanation

During the reaction of Mg and H+ the number of [H+] decreases.  In the model it is assumed that that the reaction rate v is proportional to [H+].  

v = k*[H+]
Assignments 

1. Which variable determines the change of [H+]? Formulate the assumption you must check by comparing with measurement results.
2. Execute the model. 

3. Import the data from Result Reaction of magnesium and sulfuric acid. Use the Import Background Graph… option available via the Tool menu of the Diagram pane. 
· Compare the calculated graph [H+] and the measured graph?

· Which initial value are you allowed to change in the model to fit the calculated and the measured graph?

· Use the Simulate option, available via the Tool menu of the Modeling window, to create graphs for different values of a variable.

· What is your conclusion about the relationship between the rate of reaction and concentration of [H+] during the reaction?
4. Use the model to check if another assumption also results in fitting curves.

· Check for instance the assumption v = k*[H+]*[H+].
Redefine the formula of the reaction rate by double clicking the flow v and typing the new formula.
· What is your conclusion?
5. Redefine the formula of the reaction rate. Double click the flow v and type a new formula.  
· Check with the model how -log([H+]) changes. 
· Check also for the measured data how -log([H+]) changes. 

· What are your conclusions?

Activity: Crystal violet 

The model used in this activity simulates the change of [KV] during the reaction between KV and OH-. 

Activity procedure
1. Open Coach 6 Activity Chemistry models > Crystal violet.
2. Analyze the model and perform assignments.
Model Explanation

During the reaction KV and OH- the number of [KV] decreases in time. 

The assumption used in the model is that the reaction rate v is proportional to [KV].  

v = k*[KV] 
Assignments 

1. Which assumption does the model contain about the rate of change of [KV]?
2. Execute the model. 

3. Import the data from Result Crystal violet. Use the Import Background Graph option available via the Tool menu of the Diagram pane. 

· Does the calculated curve of [KV] looks like the measured one?

· Which initial value are you allowed to change in the model to enhance the fit? 

· Use the Simulate option, available via the Tool menu of the Modeling window, to find a value for the best fitting curve.

· Should the whole graph agree with the measurement results? (What do you know about the colorimeter?)

· Determine the moments between which both curves should fit.

· What is your conclusion about the relationship between [KV] and the reaction rate for the reaction between [KV] and [OH-]?
· What is your conclusion about the relationship between [OH-] and the reaction rate?
4. Create and describe the curve of -log([KV]) for the model results and for the measurement results. 
5. Physics models

Activity: Bicycle motion

Cycling; you probably know all about it! You know that when you exert forces on the pedals, you provide the required forward force. On the basis of what you have learned about force and acceleration, you might expect that you will go faster and faster when you exert such forces. But in reality you don't. That's because there are other forces (air resistance, rolling resistance) that prevent the speed of your bicycle from continuing to increase. In this activity you are going to make a model that describes the motion of a bicycle. 

Activity procedure
1. Open Coach 6 Activity Physics models > Bicycle motion.
2. Analyze the model and perform assignments.

Model Explanation

The prepared model describes the accelerated motion. 
The position of the bicyclist x is increasing in time. The change of position dx in a small time interval dt is defined by its rate of change – velocity v.   

x(t) = x(t-dt) + (dx/dt)*dt and dx/dt = v 

The velocity of the bicycle v is increasing in time. The change of velocity dv in a small time interval dt is defined by its rate of change – acceleration a.   

v(t) = v(t-dt) + (dv/dt)*dt and dv/dt = a 

The acceleration a is constant. 
Assignments 

Assume that the mass of a bicyclist and his bicycle is 75 kg. Bicyclist starts from rest, and exerts an average force of 100 N on one or the other pedal. The net force acting on a bicyclist and his bicycle can be described as: 

F=Fped/6 - m*g/150 - 0.5*v2

To better understand this equation read Forces on a bicycle during its motiontext://Forces on a bicycle during its motion. 

The net force F on the bicycle leads to the acceleration a of the bicycle a = F/m.
1. Modify your model by adding the new variables, creating the relations between them and defining them. 

2. If the bicyclist keeps cycling with a constant (average) pedaling force of 100 N, what is his final speed?

3. Which average force should he exert on his pedals in order to reach a final speed of 8.0 m/s?
To solve this problem, you have to try out different values of Fped, until you get the one that gives you the desired value of the final speed. Use the Simulate option available via the Tool menu of the Modeling window. 
4. What average pedaling force is needed to reach a final speed of 8.0 m/s?
Forces on a bicycle during its motion

As soon as the bicyclist has some speed, the air resistance (Fair) and the rolling resistance (Froll) are going to play their part. They oppose the forward force produced by the bicyclist (Fforward), and slow his motion down.

The forward force is caused by the pedaling force (Fped) exerted by the bicyclist on the pedals of his bicycle. Through the chain, this force causes the wheel to move and the wheel then exerts a backward force on the road surface. But action = - reaction, so the road surface exerts an equally large forward force on the bicycle.

The rotation of the pedals is transferred to the wheel, which starts the bicycle moving. The bicycle moves much faster than the pedals, but this means that the force on the pedals (averaged over one revolution) is much larger than the forward force on the bicycle. That ratio depends on the transmission rate; values of 4 to 8 are common. So it seems reasonable to choose a value of 6.  


Fforward = Fped /6

The rolling resistance turns out to be independent of the speed of the bicycle, but it does depend on the weight G = m*g  (m = mass in kg, g = 9.81 m/s2) of the bicyclist + bicycle. A reasonable (average) value is given by


Froll = m*g /150

The air resistance, however, strongly depends on the bicycle's speed, and hardly at all on its mass. The air resistance is proportional to the square of the speed. The value of the proportionality constant depends on whether the cyclist sits upright or bends over, and varies between 0.2 and 1.0. As an average, take 0.5:


Fair=0.5*v2

The net force F on the bicycle, caused by all these forces together, leads to the acceleration a of the bicycle:


a=F/m
Activity: The fall of the parachute jumper

When a parachute jumper comes down, at first he moves downwards faster and faster. But fortunately, his parachute slows him down, and after a while he reaches a constant speed. That is also the speed with which he reaches the ground. In this activity you are going to investigate how that terminal speed of the parachute jumper depends on his weight and on the air resistance on his parachute. 

Activity procedure
1. Open Coach 6 Activity Physics models > The fall of the parachute jumper.
2. Analyze the model and perform assignments.

Model Explanation

When the parachute jumper jumps, his plane is flying at a certain altitude h. His vertical speed (downwards) at time t will be called v. The vertical distance he has traveled at time t will be called x; so at time t = 0 he starts off with x = 0, and x never exceeds h.

As soon as he has jumped, his parachute unfolds. The amount of time needed for this will be neglected. To meet the regulations required by law, his parachute must have unfolded completely by the time he reaches a height of 700 meters above the ground. This means the plane cannot possibly have flown at an altitude of less than 700 meters.

The mass of the parachute jumper is called m (that includes the mass of his parachute, which is usually no more than 2 kg). He is pulled downward by gravity (his weight), but slowed down by the air resistance on himself and his parachute. 

The net force acting on the parachute jumper is F=Fg - Fr 

That force therefore depends on m and on the diameter d of the parachute (since d determines the air resistance)   F=g*m - 6d2v2

The acceleration of the parachute jumper is a=F/m. 

Assignments

1. Describe how the speed of the parachute jumper changes during his fall. 

· Describe how the net force on the parachute jumper changes during his fall.

· What can you say about the speed of the parachute jumper when the net force F has become equal to zero?

· Once the parachute jumper has reached his terminal speed, what relation is there between the force of gravity acting on him, and the air resistance?
2. The graphs have been calculated for certain initial values of the quantities involved. Find those. 

· What is the mass of the parachute jumper in the graphs shown? 

· And the diameter of his parachute? (Remember that all values given were to be expressed in S.I. units!).
3. You are going to find out what terminal speeds are reached by parachute jumpers with different mass. Assume they all use the same parachute, so the value of the diameter d is the same for all. 
· Use the Simulate option and change the value of m, while d remains at 2.5 meters. 
· For each of the m-values (10; 20; 50; 70; 90 and 110 kg) read the parachute jumper's terminal speed vend by using the Scan option. Calculate v2end from each measured value, and enter it in the Notes window. 
· Make two graphs in one diagram: one graph of vend vs. m, and one graph of v2end vs. m. What do you conclude about the relationship between Vend and m? 

4. You are going to determine the terminal speeds reached by parachutes of different diameters d. Assume that, in each case, it is you who is hanging from the parachute, so that the mass m always has the same value. For that value, you may choose your own mass (in kg) plus 2 kg for the mass of the parachute.

· Use the Simulate option and proceed in the same way as in the previous assignment, but with d as variable instead of m. Carry out measurements for the following d-values (3.5; 3.0; 2.5; 2.0; 1.5; 1.0; 0.5; 0.20 m). 

· Start at d = 3.5 m, and proceed to smaller d-values. 
When you are dealing with the lowest d-value (0.20 m), you have to move downwards by several hundred meters before reaching your terminal speed! Of course, a parachute as small as that doesn't exist; this is (approximately) the situation when you fall down without any parachute, and it is only the air resistance on your body that slows you down (hopefully, this will never happen to you). 

· Make two graphs in one diagram: one graph of vend vs. d, and one graph of vend vs. 1/d. What do you conclude about the relationship between vend and d?

Activity: Damped oscillations

An ideal mass-spring system would oscillate indefinitely. But in the real world friction retards the motion of vibrating mass and the mass-spring system comes to rest. This effect is called damping.

In this activity you are going to modify model of harmonic motion and construct a model of damped motion which will describe the real experiment. 

Activity procedure
1. Open Coach 6 Activity Physics models > Damped oscillations.
2. Analyze the model and perform assignments.

Model Explanation

The model in the Model window is the model of harmonic motion. 
From the second Newton's law the mass is moving with acceleration a=F/m. 

When the spring is stretched away from its equilibrium position the spring force is proportional to the vertical displacement x.
F= -kx  where k is a spring constant 
The negative sign signifies that the direction of spring force is always opposite the direction of the mass's displacement. 

To see model equations press Show in Equations mode button. 
Assignments

1. Click the Start button to execute the model. Describe the graph. 

· Load as the background graph the experimental data form Damped oscillation Result. The experiment is described below. 

· Compare the graphs. Explain differences. 

2. Which friction force should be taken into account in the described experiment? Text Damping can help you to answer this question. 

· Form a hypothesis that this friction is proportional to the square of the velocity (friction type 1 in text Dampingtext://Damping). The force should be then described as
F = -k*x - k1*sign(v)*v2
Modify your model and test this hypothesis. 

· Form a hypothesis that this friction is proportional to the velocity (friction type 2) then the force should be described as  
F = -k*x - k1*v 

Modify your model and test this hypothesis. 

· Which hypothesis is correct? Why?

Experiment

The Result file Damped oscillations consists of data recorded during the following experiment. 

The mass of 83 g was attached to a spring with 3.42 N/m. The mass of the spring was 15.0 g. 

(The mathematics shows that in the mass of the mass-spring system only 1/3 of the mass spring should be calculated).

As a damper the thin cardboard was used (not shown on the picture). 

The damper was attached in such a way that the surface perpendicular to the direction of the motion was rather small. 

The measurement resolution in this experiment was 0.09 cm.
Damping

Damping is caused by friction. You can distinguish three types of friction:

· Friction caused by collisions of a moving object against the air and liquid molecules. 
This one is proportional to the square of the velocity.
    
Fr= -k1*sign(v)*v2  
1)

· Friction which is caused by dragging a layer of air or liquid around the moving object which is proportional to the velocity.
  
Fdrag= - k2*v   
2)

· Friction caused by contact which can be described as Fc=-constant. To give the direction 
       
Fc=-k3*sign(v) 
3)

In all cases the direction of the friction force is opposite to the direction of motion (direction of the velocity). Different type of friction forces act in different situations. (Give some examples). 

Activity: Cooling down a cup of coffee

As soon as a hot cup of coffee is poured, it begins to cool. The rate of cooling is approximately proportional to the temperature difference between the object and its surroundings. This is known as Newton's law of cooling. 

In this activity you are going to investigate how fast does a cup of coffee cool down?
Activity procedure
1. Open Coach 6 Activity Physics models > Cooling down a cup of coffee.
2. Analyze the model and perform assignments.

Model Explanation

In this model is assumed that there is a spontaneous heat transfer (through conduction, convection, radiation, and evaporation) from the coffee into surroundings, in a short time interval P=K*Tdifference. 

The K is the heat constant, where all four forms of heat transfer are included.  The temperature difference between coffee and its surroundings is (Tc -T0).

This difference determines the heat transfer. The heat transfer causes the decreasing of coffee temperature. The coffee temperature is calculated by Qc /(mc*c).

Assignments

1. Execute the model.

· On what factors depends the cooling process? 

· Determine from the graph how long it takes before the coffee is ready to drink (temperature 40°C).
2. Look at the model. On what factors depends the cooling process? 

· Is the cooling process linear? Explain.
3. Investigate, by using the Simulate option, what effect for the cooling process has a larger K-value. How can you increase K in practice?
· Investigate by simulation how the cooling process depends on an amount of coffee.

4. Measure with a temperature sensor the cooling of the cup of coffee. Save the result of this experiment.
· Load your measurement result as the background graph.
· Try to adapt model parameters to fit the model into the experiment result. 

5. Assume that instead of air the cup of coffee is placed in a water bath (0.5 l). The water bath will slowly warm up.  
· Adapt the model. Assume that all heat is used to warm up the water.
· Investigate the rate of cooling in this situation. Does a cooling process goes faster or slower compare to the cooling in air?
· The final bath temperature is higher then its surroundings temperature. This cooling process you can also add to your model.
Activity: A lamp connected to the capacitor

Capacitors are used to store electrical energy. In this activity you are going to investigate how can you keep a lamp connected to a capacitor burning as long as possible?
Activity procedure
1. Open Coach 6 Activity Physics models > A lamp connected to the capacitor.
2. Analyze the model and perform assignments.
Model Explanation 

The model describes the discharging of a capacitor through the resistor R. 

The charge on the capacitor is changing in time with the rate of change dQ/dt which is equal to the generated current I. 

The initial charge value Q0 is calculated from of Q=C*U0 where U0 is initial potential of 5V. The actual potential difference across the capacitor is found from UC=Q/C. The current through the resistor is calculated from I=UC /R. The change of charge is found and the charge Q is then altered by this amount.

Assignments 

1. Execute the model. Read out when the potential difference reaches the 2.5V value. 

· What can you say about the rate of discharging of a capacitor?

· Determine the RC-time constant from the graph.
2. How does the current change during the discharging of a capacitor?
· Modify the diagram. Set the column C3 as the second vertical.
· Determine the starting current value.

· Draw a prediction of the current changing in the diagram.

· Compare your prediction with the graph from the model
3. The process of discharging of a capacitor is determined by two circuit components: R and C. You are going to investigate how these values influence the discharging process. This can be done with the Simulate option.

· Change only the R-value. Look how the discharging time changes.
· Change then the C-value. Look how the discharging time changes. 
· Use the model to determine the resistance in a real circuit. Open the Result C=1000µF as a background graph. Use the Simulate option to determine what the R-value in this experiment was.
· Use the Function Fit option to approximate (with mathematical functions) few of Vc(t) graphs (for different values of R and C). Select the most suitable function. Change the R and C values in the starting values of the model. 
· What can you say about the coefficient a?
· Express the coefficient b in R*C. Change now also the UC value and do again the Function Fit. 

· Express the coefficient a in UC. .
Activity: The rocket 

Satellites are launched into a right earth orbit with the help of rockets. This is an expensive operation. It is good to use computer simulations to learn more about a behavior of a rocket in such situations. In this activity you will investigate how a satellite is launched into space orbit with a rocket?

In a rocket, fuel is burned to make a hot gas. This hot gas is propelled out of the back of a rocket engine. The force of the gas in one direction (action) produces an opposing force (reaction) that propels that rocket forward.
The 'Orbiting Solar Observatory' (OSO) was the first American space observatory (1962 - 1971) to study the sun activities. The OSO weighs 635 kg and had to revolve around Earth at a 563-km height. The OSO data are used as data for initial values used in the model. 
Activity procedure
1. Open Coach 6 Activity Physics models > The rocket.
2. Analyze the model and perform assignments.

Model explanation

The propulsion rocket model is already prepared in the Model window. This model describes the launching of the rocket with payload. 
The height of the rocket is changing in time. The rate of change of height is equal to the rocket velocity. The variable hk (=h/1000) is used to do height conversion from m to km.

The velocity of the rocket is changing in time. The rate of change of velocity is equal to the rocket acceleration. The variable vk (=v/1000) is used to do velocity conversion from m/s to km/s.

Acceleration is defined by the total force F divided by the total mass m. 


The total mass is = the satellite mass ms + the rocket mass mr+ the fuel mass mf


The fuel mass mf decreases in time with the rate of change dm/dt. 

When the fuel mass becomes smaller then zero that the fuel mass is set to zero.

The fuel is burnt in a combustion chamber. Hot gas is propelled out of the back of a rocket engine. The force of the gas in one direction (action) produces an opposing force (reaction) that propels the rocket forward.

In the time interval dt an amount of fuel dm with speed c (relative to the rocket) is expelled from the rear of the rocket. The impulse exerted on this mass is: 

Fn*dt=-c*dm (direction upwards is positive).

We assume that the speed of the gasses (relative to the rocket) remains constant. All forces occur in action - reaction pairs - 3rd Newton's law. In this case, the downward push on the exhaust gasses equals the upward push on the rocket. 

Fprop=-Fn

Fprop=c*dm/dt.

Two forces act on the rocket: propulsion force Fprop and the gravity force Fg.

The total force F= the propulsion force Fprop - gravity force Fg

In the model is assumed that all quantities are constant during the small time interval dt. For the first model:  

· This is one module rocket with liquid fuel.

· The rocket is launched in vertical position.

· The friction is neglected.

· The gravity force is constant up to 563 km.

Actually the assumption that the gravity force is constant is not correct. You can improve the model by changing the constant gravity Fg=m*g by the earth gravity  

Fg=G*me*m/(re+h)2,

G the gravity constant (6.67e-11 Nm²/kg²); me the earth mass (5.976e24 kg);

re the earth radius (6.38e6 m); h the height of the rocket path.
Assignments 

1. Study the model. Determine how long it takes before the fuel is used up. 

· Use the Sketch option to draw your prediction of using of the fuel mass mf in time.
2. The propulsion force acts on the rocket as long as there is a fuel. The rocket obtains its maximal speed of 3.24 m/s at time t = 200 s and reach the ground at time t = 911 s with end speed of -3.74 km/s.
· Define forces that act on the rocket before the fuel is burnt up.
· Use these data to make a prediction of the velocity - time graph starting at the moment 200 s.
3. Execute the model.

· Read out the highest point, which is reached by the rocket and the time when it is happened.
· Read out when the rocket reaches the ground. 
· What happens with the speed at t = 530 s?
· Check with help of unit-analysis or the quantity [c*k] is a force.
· Where can you find this quantity in the model?
4. At the moment the rocket reaches the correct height and velocity the control rockets turn it into the right orbit. This is not described in the model.
· Calculate what velocity rocket has to get to reach orbit at 563-km height.

· Using the Simulate option determine the best value of the parameter c by which the rocket gets the desired speed and orbit height (at the same moment!) How much time it takes? 

TIP:  near all values of v are used twice. 

5. In the model is assumed that the gravity force is constant. Investigate where this assumption is valid. 
· Add to the model the earth gravity force so the model calculates values of x and v based on the earth gravity formulae.

· Present both height-time graphs in one diagram. 

· Do the same for velocity-time graphs.

· Execute the model and compare results of two forces.

· Do you think that the assumption that the gravity force is constant is valid?
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Experimental setup with the CoachLab II interface





Experimental setup with the ULAB datalogger





A special cuvette-holder with a built-in LED light source and a place for the light sensor





Right: A precipitate of sulphur forms when the chemicals mix. 





Left: Cuvette filled with a clear solution in front of the light sensor.
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Diagram � SEQ Figure \* ARABIC �1�. Growth of Dutch boys and girls.





Diagram � SEQ Figure \* ARABIC �2�. The increase in final stature since 1995. 
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American Dick Fosbury revolutionized the sport of high jumping. (All sport Historical)1.





The measurement points for three-segment model are the midpoints of each of the three segments. 
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� It is an empirical law that is only true for substantial temperature differences if the heat loss is by forced convection or conduction.


� When the sensor icon Voltmeter CMA (0 ..+5V) is placed on the interface screen panel in Coach then for the 4-mm inputs, or BT inputs with the 4mm to BT adapter, the red socket is +5V and the black socket is 0V. 


� For 4-mm inputs of CoachLab II: the yellow socket = signal, the black socket = 0V. To be able to measure positive and negative voltage signals the voltmeter CMA (-10 .. +10V) has to be used in the Coach program. 





� The tolerance is marked on the resistor with a single colored band at the side of the resistor: red= 2%, gold=5%, silver=10%, no band = 20%. 


� For some older sensors this sweep time can be 8.6 minutes.


� Such measurement is described in the activity Monitoring a background radiation.





� This project has been developed by André Holleman and André Heck as part of research work in AMSTEL Institute. More information about this work can be found at: http://www.science.uva.nl/~heck/research


� De Volkskrant and NRC Handelsblad, June 12, 1998, and more recently NRC Handelsblad, March 4, 2000, and December 23, 2000.


� The following interfaces consist of control outputs: CMA CoachLab II/II+ and ULAB datalogger, Vernier LabPro, LEGO DACTA Interface and RCX.


� The picture by Vandy-Loubat-Petit/Agence Vandystadt/Photo Researchers, Inc origins from "Sprinting Start," Microsoft® Encarta® 97 Encyclopedia. © 1993-1996 Microsoft Corporation. All rights reserved


1 "Track and Field," Microsoft® Encarta® 97 Encyclopedia. © 1993-1996 Microsoft Corporation. �All rights reserved.


� The idea of this lessons come from Physics and Sport by M. Larry Noble and Dean Zollman (Kansas State University), Video discovery, Seattle Wa 1989


� All pictures of different models origin from videodisc 'Physics and Sport' by M. Larry Noble and Dean Zollman (Kansas State University), Video discovery, Seattle Wa 1989


� The picture by John Eastcott/YVA Momatiuk/The Image Works origins from "Trampoline," Microsoft® Encarta® 97 Encyclopedia. © 1993-1996 Microsoft Corporation. All rights reserved.


� The first two activities included in this project are part of the Bridges and Arches project which has been developed by André Holleman and André Heck as part of research work in AMSTEL Institute. More information about this work can be found at: http://www.science.uva.nl/~heck/research


� The rate of change of a state variable is a sum of all in and outflows of a state variable. 


� Coach Language is the programming language of Coach.
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