
Episode 118: Potential dividers

This episode introduces the use of a potential divider as a source of variable pd. Students will also learn to use potential dividers to detect temperature or light levels.

The potential divider circuit is a particularly useful arrangement but many students find this difficult to grasp at first. It is worth spending time to make sure they understand what is going on. It may also be worth emphasising, especially with more able groups, that the output voltage is affected by the load resistance (many, on first meeting the device, do not realise this).

Summary

Discussion and demonstration: The potential divider formula. (15 minutes)

Student experiment: Using potential dividers. (40 minutes)

Student questions: Using the formula. (20 minutes)

Discussion: The effect of the load on output. (10 minutes)

Student questions: The effect of the load on output. (30 minutes)

Discussion + demonstration:

The potential divider formula
The potential divider is one of the most useful circuits your students will meet so it is particularly important that they understand how it works and how to calculate the voltage across each of its resistors. For an unloaded potential divider the current through each resistor is the same so the voltage is proportional to the resistance. This means that the pd across the pair of resistors is divided in the same ratio as the resistors themselves:

i.e.   V1 / V2 = I R1 / I R2     or    V1 / V2 = R1 / R2

It is worth emphasising the practical implication of this - if R1 >> R2 then V1 is more or less the supply voltage and if R1 << R2 then V1 is close to 0 V. You could encourage them to see VS as an input to the potential divider and V1 as an output. The circuit itself provides a way to tap off a voltage between 0 V and VS.

This can, of course be done continuously using a rheostat or potentiometer and it is well worth 
demonstrating a variety of these including the rotary potentiometers used as volume controls in hi-fi systems.

The potential divider equation can be derived by rearranging the ratios above to give:

V1 = R1 / (R1+R2) ( VS
Student experiment:

Using potential dividers
Start with Parts 1-3 of these experiments.

Once they have experimented with several versions of the potential divider they can apply the ideas to a simple sensor circuit (Part 4). Set them the task of building and testing either an electronic temperature sensor or an electronic light meter (or both).

You may feel that the latter experiment as presented is sufficient to introduce the idea of a temperature or light intensity sensor, but this could be extended. The thermistor can be used as part of an electronic thermometer if it is connected into a suitable potential divider circuit and calibrated. One way to do this is to use a water bath to warm the thermistor (you can use ice + salt to get well below 0 °C and hot water to get above 80 °C giving a good range). However, to do this you need water-proofed thermistors (e.g. wrapped in polythene or embedded in an epoxy). If the water reaches the electrical connections then the readings will be unreliable. Beware of safety in the laboratory with both hot water and mercury thermometers (they need these for their calibration). Hot water from a kettle is safer than using a beaker on a tripod heated by a Bunsen burner. A similar approach can be used to make a light intensity meter (this can be calibrated using a lux meter).

TAP 118-1:  Potential dividers
Student questions:

Using the formula
Practice in potential divider calculations.

TAP 118-2:  Tapping off a potential difference
Discussion:

The effect of the load on output
With strong groups you might discuss the effect of loading a potential divider on its output voltage. The ideas to get across are:

Connecting a load across R1 reduces the output voltage.

This is because the effective resistance in the lower arm of the potential divider is now a parallel combination of R1 and R load (less than R1) so a smaller fraction of the voltage is ‘tapped off’.

If Rload >> R1 then there is no significant effect on the output voltage.

It is worth going back to their experiences as younger pupils tackling simple circuits, and considering what was happening when a lit bulb went out  when “shorted out” by a piece of wire. Pupils will often regress to a current based explanation, particularly under the pressure of examination conditions. We need to encourage them now to think in terms of potential difference, and resistance. In the “shorting out” case it was not that much that “all the current wanted” to take the easier parallel route”, but that the low resistance of the wire in parallel reduced the combination’s total resistance, compared to the rest of the circuit.
Student questions

TAP 118-3: Loading a potential divider
TAP 118-4: Brightness of bulbs
TAP 118- 1:  Potential dividers

Potential division

If a signal in a sensing or control system is too big, it can be reduced by 'tapping off' a fraction of the signal using a potential divider. If a sensor does not itself give a signal but instead changes its resistance in response to the environment, an electrical signal can be obtained from it by making it part of a potential divider. These activities introduce a number of such ways of using a potential divider. 

Experiment 1: 
Potential divider with fixed resistors 

Confirm how the pd splits up across a potential divider.

Experiment 2: 
Potential divider with a variable resistor

Make a more versatile potential divider.

Experiment 3: 
Rotary potentiometer used as a potential divider

Control an output potential difference or measure an angular displacement. 

Experiment 4: 
Sensors used in potential dividers

Use a sensor in a potential divider circuit.

Requirements

· resistors (suggested values 300 k, 100 k, 75 k, 150 k)

· 100 k rotary potentiometer (or similar value to range of fixed resistors used).

· power supply, 5 V dc
· clip component holders

· digital multimeters

· 4 mm leads

· LDR (e.g. NORPIZ)
· thermistor (47 k)

· hairdryer

· filament lamp 12 V, 48 W in a suitable holder
Experiment 1: 
Potential divider with fixed resistors

Please turn off the power supply or disconnect the battery when you are not taking measurements.

You need two resistors. Measure their resistance using the multimeter. Remember to use the highest resistance range first. Record the values.

Place each resistor in a component holder and connect them in series with the power supply. Switch the multimeter to the volts setting and select the 0–20 V range or other suitable range depending on the multimeter you are using. Measure the potential difference across the power supply. If you have been given a variable supply, you will need to select 5 V and use the voltmeter to check the output voltage. Then measure the potential difference across each of the resistors in turn. Record these measurements in the table. Repeat these measurements for another pair of resistors.

	resistance / k


	R1 =

	R2 =
	R1 + R2 =

	potential difference / V 
	V1 =

	V2 =
	VS =


Predict and test

The same current goes through each resistor in series, so the potential difference across each will be in proportion to its resistance. Take another pair of resistors, measure their resistances, and work out the potential difference you should get across each, this time before you try it out.

V1 = R1 / (R1+R2) ( VS
Experiment 2: 
Potential divider with a variable resistor

Replace one of the two resistors with the potentiometer used as a variable resistor.

Connect the multimeter (in the voltmeter mode) across the potentiometer.

Make sure your power supply is switched on. Watch what happens to the reading as you turn the spindle of the potentiometer.

A varying resistance was made to produce a varying potential difference.
The potential difference across the potentiometer can be made to vary anywhere between 0V and some fraction of the supply voltage. By changing the fixed resistor, see what effect its resistance has on the largest potential difference you can get across the variable resistance. If possible place another voltmeter across the fixed resistor and confirm that the potential difference across that resistor also changes. The two readings should add up to the supply voltage.

Many sensors – strain gauges, thermistors, gas sensors – change resistance in response to a change in whatever they are built to sense. If such a sensor replaces the varying resistance in this circuit, there will be a change in the potential difference across the sensor whenever its resistance changes.  The changing potential difference can then be used as an output signal. 

Experiment 3: 
Rotary potentiometer used as a potential divider

To use the potentiometer itself as the potential divider, connect its ends across the power supply and measure the potential difference between one end and the terminal connected to the sliding contact. Turn the spindle and watch the potential difference change.

Uses of this potential divider

This type of potential divider is used in brightness and volume controls.

Think of some other similar uses in control circuits.

The potentiometer will also be used for measuring displacement.
Experiment 4: 
Sensors used in potential dividers

Using a thermistor

1.
You need a thermistor and 150 k resistor in series as a potential divider across the power supply.  Connect the multimeter across the thermistor. Note the voltmeter reading. Use the hairdryer to warm up the thermistor gently. Note the new voltmeter reading and the warming time used.

2.
Change the resistor to 100 k. Allow the thermistor time to cool down. Repeat step 1.

Warm the thermistor with the hairdryer for the same time.

Explain why changing the resistor alters the result. 

What must happen to the pd across the resistor as the thermistor warms up?

Using a light dependent resistor (LDR)

1.
You need a LDR and 100 k resistor as a potential divider across the power supply.  Connect the multimeter across the resistor. Note the voltmeter readings when (i) the lamp is placed close to the LDR, (ii) the lamp is off and (iii) the LDR is covered up.

2.
Change the resistor for one of lower value and repeat. What is the effect of changing the resistor value?

Try controlling logic devices

Electronic switches such as the transistor and logic gates are digital devices. They are 'off' below a threshold voltage (often 0.6 V) and 'on' above that voltage. Changing the resistor value in the potential divider allows you to set the conditions that 'turn on' the device.

Practical advice

It may be helpful to give a demonstration of a resistive sensor being used to turn some device on or off, as a way of giving point to the work. These experiments can be kept simple by using rather high resistances and high impedance digital voltmeters. They will not be a success using low impedance moving coil voltmeters. 

In experiment 4 the resistors used are compatible with a 47 k bead thermistor. If your stock of thermistors has different values, then select the first resistor to be about 3 times the nominal resistance of the bead thermistor at 25 °C. The second resistor should be a little lower in value. 

Alternative approaches

Potential division may be introduced within the context of control experiments and projects.

Many U.K. schools and colleges historically invested in one of the ready made kits available on the market, and you may find some such in your Technology or similar department. 
External references

This activity is adapted from Advancing Physics Chapter 2, 200E

TAP 118- 2: Tapping off a potential difference
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A series circuit is connected as shown in the diagram.

1.
What is the potential difference between A and B?




2.
An additional resistor of 100  is connected between the 50 resistor and the cells. What is the potential difference between A and B now?




3.
The additional 100  resistor is now connected in parallel with the first 100  resistor. What is the potential difference between A and B now?




4.
A potential divider is made from a 4 k and a 6 k resistor connected in series with 
a 20 V supply. Draw a diagram of the arrangement. What four values of potential difference can be tapped off?





5.
A student puts a 12  variable resistor in series with a 6 V battery, expecting to get 
a variable potential difference.
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The voltmeter is a high resistance digital multimeter. Explain why the circuit won't work. Draw a circuit which would work.









6.
B is the wiper of a 100  rotary potentiometer.
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What is the full range of the potential difference that can be tapped off between A and B?




Hints

1.
Resistors are in the ratio 50:100 so the potential difference splits up 1: 2.

3.
Work out the equivalent resistance of the two 100  resistors in parallel first.

6.
Find the pd set up across the potentiometer first by looking at the ratio of the resistors.

Answers and worked solutions

1.
100  / (50  + 100 ) x 6 V = 4 V

2.
100  / (50  + 100  + 100 ) x 6 V = 2.4 V

3.
Resistance of parallel combination = 50 . So the 6 V supply potential difference splits equally between the two 50  and pd across AB is 3 V.

4.
Resistance of whole potential divider is 10 kW
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5.
The resistance has been connected as a variable resistor. The multimeter has an extremely high resistance so that wherever one moves the sliding contact the pd is set up across the voltmeter which always reads 6 V! The redrawn diagram should show the ends of the resistance connected across the battery

6.
The resistance of whole potential divider is 400 . The supply pd 12 V splits between the fixed 300  resistor and the 100  potentiometer in the ratio of their resistances. So there will be 9 V across 300  and 3 V across 100 .

When the slide contact from B is next to A the pd tapped between A and B is 0 V; when the slide is at the other end of the potentiometer the full pd of  3 V is across AB.
External references

This activity is taken from Advancing Physics Chapter 2, 170S

TAP 118- 3: Loading the potential divider
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The sliders are at the mid-point of the potential dividers. 

1.
Find the potential difference recorded by a digital voltmeter of infinite resistance connected as the voltmeter V in each circuit. (The resistance presented by a digital voltmeter is not infinite but it is very much larger than then resistances used in the circuit. If a high resistance voltmeter is not available, connect a 500 Ω resister in parallel with a low resistance one. 





2.
The digital voltmeter is replaced by a moving coil voltmeter of resistance 500 . Calculate the new readings when using this meter.








3.
A 100  rotary potentiometer is connected to a 6 V dc source with negligible internal resistance. The output required is 3 V. The potentiometer is set using a high impedance digital voltmeter connected across the output terminals. A few minutes later someone else checks the output reading using a moving coil voltmeter which has a resistance of 100 . What is the reading now?




Practical advice

The question illustrates the effect of the load on the potential divider. Using moving coil instruments of relatively low impedance can have an effect on a potential divider made up of high resistance components as is the case in many electronic circuits.

Hints

1.
Treat the voltmeter and half the resistance of the potentiometer as a parallel resistor combination. 

3.
The wiper will have been set midway, i.e. dividing the potentiometer into two 50  sections. Treat the voltmeter and half the resistance of the potentiometer as a parallel resistor combination.

Answers and worked solutions

1.
3 V, 5 V

2.
2.67 V, 4.74 V 

3.
2.4 V
External references

This activity is taken from Advancing Physics Chapter 2, 180S

TAP 118- 4: Brightness of bulbs
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When two identical lamps are connected in series to a battery of negligible resistance they light normally. 

A variable resistor R is now connected across lamp L2.  Explain what happens to the brightness of each bulb as the resistance of the variable resistor is:

1.
Made low compared to the resistances of the lamps











2.
Made high compared to the resistances of the lamps











Practical advice

A difficult question which forces students to use theory. 

The question can be extended to ask the students to plot a graph of the brightness of the L2 (based on power dissipation) against the resistance of R.  We suggest using two 3 V, 0.03 A torch bulbs; a 1000  variable resistor and a 6 V supply. 

Alternative approaches

The circuit could be demonstrated using the components listed above.

Answers and worked solutions

1.
When the resistance of the variable resistor is very low, it reduces the resistance of the parallel resistance combination of itself and L2, which in turn lowers the pd across L2 and raises the pd across L1. The total circuit resistance is also lower and the current through L1 is higher. Result: L1 is brighter than normal and may even blow; L2 is dimmer or may not even light at all.

2
 If the resistance of R is made far higher than the resistance of the lamps, the resistance of the parallel combination will always be slightly less than the resistance of L2 alone and the total circuit resistance hardly changed from its original value. L2 now gets brighter. Result: At its maximum setting R has no effect on the circuit; it draws a negligible current. 
External references

This activity is taken from Advancing Physics Chapter 2, 240X
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