Chapter 10 Creating models

Activity 50E
Experiment 'A model of radioactive decay using dice'

You will need

dice, 60

beaker, 250 cm3, large enough to act as a shaker

one large container to act as a shaker for the whole dice population

Practical Advice

his activity is sometimes used at GCSE level, but bears repeating here for the depth of thinking it can stimulate.

The emphasis of this experiment should be on the probability aspect and how it leads to a progressive, and to some extent predictable, decrease in the number of dice left after each throw. It will work well if different groups in the class all choose different numbers of dice to use, over as wide a number range as resources allow.

Groups should compare their results with others who have used different numbers of dice.

If you draw the analogy at this stage with radioactivity, get your students to think about how the pattern for dice compares with that for radioactive decay.

It is vital that the class has as many units as possible since you are trying to make the point that the decay only becomes predictably ‘smooth’ where large numbers of ‘nuclei’ are involved. This should be in sharp contrast with the results of students’ individual experiments using only small numbers of dice. Their last few results will serve to show how unreliable predictions are when only few remain undecayed.

You might expect it to be expensive to provide at least 400 dice for this experiment, but small ones can be bought quite cheaply. And there are several suitable alternatives. Cubes with sides 1 cm can be purchased from school suppliers. Or hardwood square section 1 m lengths of wood can be accurately sawn into 1 cm cubes. Either mark the faces 1 to 6, or paint one face a bright colour and use this to represent a ‘six’. Painting a second face a separate colour will allow you to change the probability if you wish. 

Alternative Approaches

Choose a number of dice, say 60 as a minimum, and throw them a number of times. Count the sixes each time but do not remove them and write down the result. By the time you have done this 20 times, you will be able to work out the average number of sixes. Compare this with the theoretical probability of 1 in 6. In other words, if you used 60 dice each time, you would expect 10 sixes per throw.

If students have the patience to do this a large number of times, they will be able to chart the results on a histogram and see both the average and the spread about the mean value. (They could use Excel to help with the chart.)

Activity 90D
Demonstration 'Super-capacitor'

You will need

two sheets of aluminium foil, approximately 50 cm ´ 1.5 m

a slightly larger sheet of heavy-gauge polythene (damp-course material works well)

eht power supply, 0–5 kV, D.C. 

two leads

two crocodile clips

Practical Advice

This demonstration gives an interesting introduction to capacitors. Practise this before doing it with students the first time, and think about appropriate lighting.

Students enjoy being startled by the ‘battlefield’ effect as the polythene becomes conducting. This effect is heightened if you do not tell them in advance to expect it. As you charge the capacitor, you may want to use the analogy given in the Advancing Physics A2 student’s book, of water filling a reservoir. Pass a few capacitors of different shapes and sizes around the classroom as the demonstration comes to a conclusion and you link the demonstration to real capacitors.

As with all experiments, you will want to practise this yourself before doing it in front of students. You may want to vary the script, but do not sacrifice the entertainment dimension.

Activity 100E
Experiment 'Charging and discharging capacitors'
You will need

digital multimeter, used as milliammeter

capacitors 47 mF, 100 mF, 220 mF, 470 mF

clip component holder

resistance substitution box

power supply, 5 V d.c.

leads, 4 mm 

hand held stopwatch

Practical Advice

If the multimeter does not have a prominent analogue bar display then you may prefer to use a 1 mA FSD analogue milliammeter. Some will prefer this in any case.

The activities are intended to give students a ‘feel’ for the quantities that affect the current pulses when a capacitor is charged or discharged. The results point the way towards the time constant for measuring the rate of decay but RC is not explicitly defined here. Qualitative observations are intended; other activities provide quantitative approaches for studying the exponential form of the decay.

Activity 110E
Experiment 'Measuring the charge on a capacitor'

You will need

digital coulomb meter

digital multimeter

capacitors 0.1 mF, 0.22 mF, 0.047 mF

clip component holder

potentiometer, 1 kW

spdt switch

power supply, 5 V d.c.

leads, 4 mm

Practical Advice

The coulombmeter is a useful instrument for measuring the charge stored on small-value capacitors. A typical coulomb meter can measure up to 2 mC. For voltages of up to 6 V this implies that it can be used with capacitors up to a maximum value of 0.3 mF.

The use of the coulombmeter described here enables students to explore the proportionality between Q and V fairly directly with the minimum of calculation. The measurements are of a generally better precision than those associated with the transient currents involved with discharging capacitors.

Alternative Approaches

If time is short, this could be done as a demonstration with little modification.

The experiment could be conducted with the capacitor markings hidden, so that the objective could be more sharply focused on obtaining a measurement of the capacitor value.

A spreadsheet could be used for recording the results and evaluating the gradients of the graphs.

Activity 120D
Demonstration 'Charging a capacitor at constant current'

You will need

power supply, 5 V d.c.

digital multimeter, used as ammeter

digital multimeter, used as voltmeter

capacitor, 470 mF

potentiometer, mounted with 4 mm sockets, 100 kW

leads, 4 mm

hand-held stop watch

Practical Advice

Before showing students this demonstration, they should be aware of current as a flow of charge in a circuit and have tackled some of the problems involving the calculation of charge and the use of Q = I t. They might be shown initially what happens when the capacitor is charged without changing the resistance, i.e. that the current gradually falls, and this should simply be introduced as a nuisance at this stage. They need to be clear that the variable resistance is there simply to allow you to keep the current constant. No other explanation is necessary at this stage.

Close the switch and use the variable resistor to set the ammeter to some convenient value, e.g. 100 mA. When you are ready, remove the shorting link across the capacitor, start timing and adjust the control on the variable resistor to maintain the current at the value you have set. You will probably have to practise this a few times – it can be quite tricky. Carry on adjusting the resistor for as long as you can. Connect the digital voltmeter briefly across the capacitor to measure the p.d. that has been generated by the redistribution of charge.

Record the charging current and the time as well as the p.d. across the capacitor. You will probably wish to repeat this measurement at least once or twice to allow for the difficulty you have in keeping the current constant.

You might repeat this process using different p.d.s, if you want to take it further, or to use a computer-based oscilloscope to get plots of charging current / time and p.d. across capacitor / time.

You will probably not have time to do the demo in great detail, but it is well worth the effort to practise a bit at keeping the current steady – surprisingly difficult if you have not done it before.

Explain the function of the short circuit link across the capacitor, which allows you to set the initial charging current to a convenient value. You will have already taught that the capacitor is an unusual device, which does not permit a flow of current through it. You will also have to explain away that you eventually run out of control when you have reduced the resistance to zero and the current will then fall. A simple and effective, but not totally accurate procedure is to keep on timing until the current has fallen to half the initial value. For an appropriate group of able students, this could be an additional teaching point.

If you have done the experiment reasonably carefully, and have results for different p.d.’s, students can plot a graph of Q against p.d.

If you have time, it is a good idea to let students have a try as well.

Alternative Approaches

The approach will depend on students’ prior knowledge. If they already know Q = C V, then the activity becomes one in showing that the different gradients of the graph relate to different values of the capacitance. You may wish to direct students to use it from this standpoint, particularly if there is time for students to do the experiment themselves.

Activity 130E
Experiment 'Analysing the discharge of a capacitor'

You will need

computer, running data capture and analysis software

data capture and analysis software

data capture device

voltage sensor

capacitor 100 mF

clip component holder

resistance substitution box

spst switch

power supply, 5 V d.c.

leads, 4 mm

Practical Advice

This activity gives experience in using software for managing the collection of data, plotting graphs, analysing the data and calculating new data. A set-up file may be saved beforehand to customise the program for this experiment. Such a set-up file ‘100016f1.isa’ is provided.

The purpose of the practice run is to allow the student to gain confidence in handling the equipment and software together and to enable necessary adjustments to be made to the axis scales. The ‘Overlay’ facility is needed for showing the graphs of several experiments on the same axes. It is desirable to employ the ‘triggered start’ facility so that all the graphs obtained start from the same initial potential difference at time zero. However, this is not absolutely necessary; if the data collection start after time zero, the graph can be zoomed to give a clear display of the decay portion of the curve.

The curve-fitting method described here gives a novel way of evaluating the decay constant which emerges as one of the parameters calculated by the program in the fitting process. Students are encouraged to make a link between the decay constant and the shape of the curve; a quick discharge is associated with a relatively large decay constant and vice versa. The further link between the decay constant and the time constant (RC) is pointed out. As an extension activity, students may use ‘Ratio’ and ‘Interval’ on the ‘Analyse’ menu to measure the time constant directly as the time for the potential difference to fall to 1 / e (37%) of an initial value. This can then be compared with the value of RC.

The further analysis of the data by calculating dV / dt and plotting a new graph might be regarded as an optional extension. This method follows the traditional analysis which seeks linearity and calculates RC from the gradient. Students can also be asked to use ‘Trial fit’ to obtain a best fit straight line for the data. The program calculates the gradient as a parameter in the straight-line formula.

Alternative Approaches

The same procedure may be used with a conventional voltmeter instead of the computer and interface. The data could be entered into a spreadsheet and manipulated to calculate speeds and plot graphs. However, the method described here considerably reduces errors due to taking readings in quick succession and removes the trouble of entering much of the data.

Activity 190E
Experiment 'Energy stored in a capacitor and the potential difference across its plates'

You will need

capacitor 10 000 mF, 30 V working

resistance coil (about 1 m of 34 s.w.g. insulated eureka wire wound into a small coil which will tightly enclose the temperature probe/thermocouple)

thermocouple, copper–constantan

microvoltmeter 

spdt switch

multimeter

power supply, 0–25 V

aluminium block

leads, 4 mm

Practical Advice

It will be worth spending some time familiarising students with the thermoelectric effect. This provides an essential link to temperature rise and thus the energy stored by the capacitor. It is advisable to discuss in advance how to analyse the data recorded.

Try out the experiment first for yourself to decide whether or not it will yield quantitative information about the relationship W = ½ C V 2. If there is too much scatter in the points, there will be no justification for plotting a straight line graph. If it is not convincing quantitatively, it may still be worthwhile to carry out the experiment qualitatively.

Alternative Approaches

A preliminary demonstration to show how a discharging capacitor can briefly light a bulb could be useful. Large value capacitors, used as backup power supplies for memory (5 V working, 1.0 F) are also available, and can light LEDs for considerable lengths of time.

You might use a temperature probe for the main experiment if you have a suitable one with a sufficiently small thermal capacity.

Activity 200P
Presentation 'The water pendulum'

You will need

water pendulum

four sheets of graph paper taped together, or light-coloured sugar paper cut to size

two retort stands, bosses and clamps

two G clamps, approximately 5 cm jaw

ink

hand-held stopwatch
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Practical Advice

If a little care is taken, this activity will yield a reasonable time trace. The aim of this activity is getting your students to think more carefully about the nature of oscillators. Producing a time trace should encourage students to observe more carefully. The graph obtained should be clear enough for them to consider how the gradient varies over the cycle.
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The ‘water pendulum’ needs to be made up. At its simplest it is just a can with a 1 mm hole in the centre. A more reliable effect is produced when a glass tube is inserted into a bung in the can like this:

The supporting strings should be about 1.5 m long.

Activity 210P
Presentation 'Swinging bar or torsion pendulum'

You will need

two each of retort stands, bosses and clamps

retort stand rod

two extra bosses

two 0.5 m lengths of string

hand-held stopwatch

pen torch

graph paper

Practical Advice
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This activity shows that torsional forces can lead to oscillation. It may also give imaginative students an interesting practical problem, recording displacement–time results.

Alternative Approaches

Students may suggest other interesting oscillators.

Activity 220P
Presentation 'Oscillating ball'

You will need

table-tennis ball mounted on thread

retort stand, boss and clamp

glass block

hand-held stopwatch

Practical Advice
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This very quick activity is designed to encourage the students to move from what they are familiar with, in this case the simple pendulum, to something with which they are less familiar. They should apply their knowledge of the displacement–time graph of a pendulum to make a sketch of this interrupted pendulum motion. Encourage your students to include some numerical detail on the sketch graph.

Alternative Approaches

Students may suggest other interesting oscillators.

Activity 230P
Presentation 'Mass oscillating between elastic barriers'

You will need

two trolley catapults

dynamics trolley, low friction

two G clamps

trolley broard

stopwatch

Practical Advice

[image: image5.wmf]
This gives an example of a rather different ‘oscillator’. The major point to stress here is that the velocity does not change except at the ends of the oscillation, because that is the only place a force acts on the trolley (other than friction, which we are doing our best to reduce to zero).

Alternative Approaches

Students may suggest other interesting oscillators..

Activity 240P
Presentation 'Looking at an oscillator – carefully'

You will need

six steel springs, in series, or a long spring suitable for suspension from the ceiling

mass hangers with slotted masses, 100 g

Practical Advice
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his is a demonstration by the teacher of a slowly oscillating mass on a spring. The student's part is to answer some questions about the motion from observation only – measurement is not required. With guidance from the teacher, the student is then asked to reflect on the observations in light of his/her knowledge of Newton’s laws of motion. The key features of simple harmonic motion relating to the size and direction of the restoring force can then be explored.

The elasticity of the spring and the added mass should be arranged to give a time period of about 2 s. Although the activity is not high level, the teacher will need to play a guiding role - particularly in conditioning the language used. Clear use of appropriate physical language will help to produce clear outcomes.

Once the activity is completed, either by exposition or reference to text, the teacher should indicate that this is an example of simple harmonic motion so that the student's learnt outcomes are linked with this motion.

Alternative Approaches

This activity could be made quantitative using a graphical approach. Using direct measurement, or with a motion sensor, the position of the mass relative to the floor could be measured and plotted as a function of time. A sinusoidal wave form is produced, and by using gradient, velocity and acceleration graphs could be predicted and verified. You might wish to refer higher-level students to the discussion on pp 5–7 of Open University S271, Units 9 and 10 Vibrations and Waves, if available.

Alternatively, the experiment can be performed and demonstrated to the rest of the class by one group of students.

Activity 260E
Experiment 'Loaded spring oscillator'

You will need

retort stand, boss and clamp

steel spring

mass hangers with slotted masses, 100 g

hand held stopwatch

Practical Advice

A straightforward activity. It is assumed that the theory of the loaded spring oscillator has been developed and that this activity checks proportionality of T2 to m. Students should concentrate on, and devise methods for, accurate measurement. Although some extendable springs appear to extend non-linearly for low added masses, this defect does not significantly reduce the possibility of students obtaining good results.

Activity 310E
Experiment 'Oscillation: Trial by video'

You will need

digital camera capable of making avi movies

dynamics trolley

supply of springs, shockcord, and elastic

computer running video analysis software

computer running graphing package

computer running Modellus

water accelerometer

Practical Advice

This exercise could be used after the students have done some lab work on SHM oscillations. This series of exercises is likely to prove challenging, particularly to those who are not fluent with the packages alluded to here. Nevertheless it is a chance to show how IT can influence what is measurable and to see how modelling interfaces with real data.

Alternative Approaches

Any activity that generates real displacement–time data can be used. So ticker-tape or motion sensors can be used. The emphasis is on the student doing the analysis and not the software in some computer package.

Activity 320E
Experiment 'Book on a string'

You will need

heavy old textbook

G clamps, 10 cm jaw

retort stand, boss and clamp

1 m lengths of strong string

drinking straw

 Practical Advice
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This is a very simple but highly effective demonstration. It can be used for open days on a large scale, with strings hanging from the ceiling. It can be used as a vehicle for a qualitative discussion of damping and that a steady amplitude is reached when energy in per cycle = energy out per cycle.

Activity 330E
Experiment 'Resonance of a milk bottle'

You will need

vibration generator

milk bottle or ‘stubby’ beer bottle

loudspeaker, 50 mm diameter with cut-off filter funnel attached to ‘funnel’ sound

Practical Advice
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This demonstration shows the resonant effects of a volume of air. Rather than just asking the students to listen to one resonance point, the initial puzzle brings out the frequency-matching nature of resonance. All sorts of frequencies are present in the splashing water, but the bottle selectively amplifies only specific frequencies – which is why the pitch of the note rises as the water level decreases.

250 ml or 500 ml beer bottles work nicely with this, but of course standard conical flasks or round-bottomed flasks can be used if preferred.

Alternative Approaches

Students may suggest other resonating systems for exploration.

Activity 340E
Experiment 'Resonance of a hacksaw blade'

You will need

vibration generator

signal generator

30 cm hacksaw blade

bare copper wire, 0.28 mm diameter

slotted base

G clamps, 10 cm

leads, 4 mm

optional:

stroboscope

Practical Advice
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This quick and effective activity gives a clear example of mechanical resonance. Although we are concerned with a qualitative understanding of resonance, it is worthwhile encouraging students to attempt amplitude measurements as this will lead to more careful observations – they will ‘see’ how sharp the resonance peak is rather than quickly scanning through a range of driving frequencies. There are many ways of measuring the amplitude of oscillation. Three possibilities are: hanging a table-tennis ball by a thread and moving it towards the blade until the ball is seen to be pushed away, or direct measurement with a ruler behind the blade, or chalking the blade and allowing it to rub against a ruler – although this diminishes the amplitude.

The copper wire forms a loose couple between the vibration generator and the blade to give a ‘tug’ once an oscillation occurs.

Students could measure the natural frequency of the blade using a stroboscope. The problem with this is that the frequency is about 6 Hz, which is very uncomfortable and best avoided. It is suggested that the teacher or technician measures the frequency before the experiment and marks the value on the blade. A side arm of an inertial balance or ‘wig-wag’ can be used instead of the hacksaw blade if one is available.

Alternative Approaches

Students may suggest other resonating systems for exploration.
Activity 350E
Experiment 'Resonance of a mass on a spring'

You will need

vibration generator

signal generator

steel springs

50 mm diameter, 250 mm long Perspex tube

leads, 4 mm

retort stand, boss and clamps

mass hangers with slotted masses, 100 g

Practical Advice

[image: image10.wmf]
his quick and effective activity gives a clear example of mechanical resonance. Although we are concerned with a qualitative understanding of resonance it is worthwhile encouraging students to attempt amplitude measurements as this will lead to more careful observations – they will ‘see’ how sharp the resonance peak is rather than quickly scanning through a range of driving frequencies.

A 200 g mass hanging from one spring gives a natural frequency of about 5 Hz. Two springs in series give a larger amplitude but the frequency becomes rather low – showing only one side of the resonance curve.

Alternative Approaches

Students may suggest other resonating systems for exploration.
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