
Episode 114: Components in series and parallel

Main aims:

Adding resistors in series increases the effective resistance.

Adding resistors in parallel decreases the effective resistance.

Summary

Demonstration: Combining lamps in series and parallel. (10 minutes)

Discussion: Deriving formulae. (20 minutes)

Worked example: Adding resistors. (15 minutes)

Student experiment: Predicting and measuring resistance. (20 minutes)

Student questions: Practice with the formulae. (30 minutes)

Demonstration:

Combining lamps in series and parallel
Ask students to recall the equation which defines resistance. (R = V / I where V is the pd across a component and I is the current through it.) Connect 1, 2 and then 3 lamps in series across a supply (constant pd) showing them the reduction in current at the same pd The ratio V/I has increased: adding resistors in series increases overall resistance. You may wish to calculate the resistance each time but beware that, since the temperature of the lamps will be different at different currents you are unlikely to get a simple ratio of resistances. 

Repeat the experiment but this time add lamps in parallel. The current increases and the effective (load) resistance decreases. If you calculate the resistance values you should get 1:1/2:1/3 as you add the lamps.
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TAP 114-1: Connecting lamps in parallel and in series.
Discussion:

Deriving formulae
Now tackle the theory. You are trying to find the single resistor Rtot which will have the same resistance as two or more resistors R1, R2 etc in series. Derive the equations for series and parallel resistance combinations. The starting points are:

Series resistors have the same current but the pds add, so:

Vtot = I Rtot = I R1 + I R2 +.... then divide by I to get Rtot
Parallel resistors have all have the same pd across them but the currents add, so: 

Itot = V / Rtot = V / R1 + V / R2 etc... then divide by V to get the familiar formula.

Beware that the parallel formula is usually quoted as 1 / Rtot so they still have to take the reciprocal to get the value of Rtot. It is unusual (at A-level) for questions to involve more than two resistors in parallel so it is worth pointing out that the parallel formula for two resistors can be rearranged to give:

Rtot = R1 R2 / (R1+R2) or ‘product over sum’. This can save the faint-hearted from reciprocals!

It is also worth pointing out that when n resistors of the same value (R) are connected in parallel the result is an effective resistance R / n. Link this with an n-fold multiplication of current.

Beware that, even at this level, some students will argue that current always ‘takes the path of least resistance’. (Be prepared to discuss what happens in the extreme case when a component is “shorted out” by a piece of wire in parallel. Point out that a small fraction of the overall current still continues to flow through the component. (This case will re-emerge later in potential dividers in Episode 118.)
You may need to mention conductance at this point. Conductance G = 1 / R and it is measured in siemens, S. In a parallel combination, conductances add. 

Worked example:

Adding resistors
Work through examples for two resistors with convenient resistances, e.g. 40  and 60 . These give 100  in series and 24  in parallel. Allow students to perform the calculation for themselves and help out any students who have problems using the reciprocal key on their calculators.

Emphasise that, for resistors in series, the total is always greater than the individual resistances; in parallel, it is less than any of the individual resistances.

Student experiment:

Predicting and measuring resistance
Students can measure resistances of different combinations of resistors using an ohm-meter, and compare their answers with calculated values.

You may wish to review the use of the ohm-meter prior to this activity. The range on an ohm-meter can be confusing. Obviously this varies from device to device - make sure they are familiar and competent with the meters you intend them to use; otherwise the points about series and parallel circuits will be lost.



TAP 114-2:  Resistors in series and in parallel
Student questions:

Practice with the formulae
Two sets of questions using these formulae.

Kilo- and mega-ohms will catch some out, as will mA.

TAP 114-3:  Circuit resistance
TAP 114-4:  Combining resistances
TAP114- 1: Demonstration: Connecting lamps in series and in parallel


Apparatus required: 

· Power supply (e.g. Ranger 0-12 V dc)

· Three filament lamps (e.g. 12 V 24 W) in holders

· Demonstration ammeter and voltmeter (or recording meter/pc/projector)

· Connecting leads

Procedure: make sure the ammeter is connected in series with the supply and that the voltmeter is in parallel with it. Both should be visible to the class.

1.
Add lamps in series one at a time pointing out that the voltage stays constant but the current falls each time.

2.
Add lamps in parallel, pointing out how the voltage stays constant and the current increases with each additional lamp.

TAP 114- 2:  Resistors in series and parallel

Requirements

· A set of resistors marked with the letters A through to E. 

· 3 clip component holders

· 4 mm leads

· digital multimeter

Experiment 1: Resistors in series

1.
Use the multimeter to measure the resistance of each of the resistors you have been given. Do not be tempted to accept the manufacturer's marked value even if you can see it. Remember the tolerance can be as much as 10%!  Record your results in a table like the one shown below.

	Resistor
	A
	B
	C
	D
	E

	
	
	
	
	
	


Which two resistors have the same nominal value?

2.
If resistor A is placed in series with resistor B what would you expect their combined resistance to be?

3.
Place resistors A and B in series and measure the resistance across the two.

Repeat steps 2 and 3 with resistors C and D

Repeat steps 2 and 3 with three resistors A, C and E in series.

Do your measured results agree with your predictions?

Experiment 2: Resistors in parallel

Use the same set of resistors as for Experiment 1.

2.
Use the parallel resistors formula to complete the second column of the table below.  

3.
Use an ohm-meter to measure the combined resistance of each combination, and complete the third column. Do your measured results agree with your predictions?

	Parallel combinations of resistors
	Predicted resistance of the parallel combination / 

	Measured resistance of the parallel combination 
(Rtot) / 


	A and B
	
	

	B and C
	
	

	C and D
	
	

	D and E
	
	

	A, B and C
	
	

	C, D and E
	
	


Practical advice

Each group requires access to a set of five resistors (Two of the resistors should have the same nominal value and come from the same batch.)  Suggested values A = 300 k, B = 100 k, C = 75 k, D = 150 k, E = 100 k (For a large group of students a few sets will be needed).

Technician's note: The resistor values are guides only and designed to make the 'sums' easier. Masking the resistor values stops students taking short cuts. However, for this experiment, working to 2 significant figures is appropriate for the purpose. Make sure the batteries in the multimeter are reasonably fresh. 

Students may need help using the multimeter if this is their first attempt.

Alternative approaches

The standard circuit for measuring resistance can be used with a power supply, ammeter and voltmeter. However, using the multimeter provides a quick method with fewer things to get in the way, especially for inexperienced students.

External references

This activity is taken from Advancing Physics Chapter 2, 120E

TAP 114- 3: Circuit resistance

Simplifying circuits

These are questions about replacing many resistors with one resistor which draws the same current from the cell. Study the circuit diagrams and try to simplify sections of the circuit by putting in an equivalent value resistor. Redraw the diagram for each step until you are reduced to one equivalent resistor before calculating the current. Many of these problems are easier if you think about conductance rather than resistance.

For each circuit find the current drawn from the power source.

1.
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In this circuit calculate:

4.
The current through the 6  resistor.



5.
The potential difference across the 12  resistor.
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Hints
1.
Start with the parallel combination.

2.
Start with the series combination.

3.
Tackle each parallel combination first.

4.
Current through resistor = branch current = pd / total branch resistance.

5.
Calculate the branch current and then pd = resistor value x current through it.

Answers and worked solutions

1.
0.8 A

2.
2.5 A 

3.
2 A

4.
0.44 A

5.
3.2 V

1.
Circuit current = 0.8 A   (Equivalent resistor for parallel arrangement = 2.4 W; total circuit resistance = 7.4 W)

2.
Circuit current = 2.5 A (Equivalent resistor for series arrangement = 8 W; Total circuit resistance = 4.8 W) or current = 12 V / 12 W + 12 V / 8 W = 2.5 A

3.
Circuit current 2 A = (Equivalent resistor for the parallel arrangements: 2.35 W and 
3.53 W; Total circuit resistance = 5.88 W)

4.
I = 4 V / (3 W + 6 W) = 0.44 A

5.
pd = 3.2 V (I 12 W = 4 V / (12 W + 3 W) = 0.27 A; V12 W = 0.27 A x 12 W = 3.2 V)
External references

This activity is taken from Advancing Physics Chapter 2, 130S

TAP 114- 4: Combining resistors

Resistor series

Resistors are manufactured in limited values. You will find that the numbers range from 1.0 to 10 in 24 steps, each differing from the next by about 10%. i.e.:

	1.0
	1.5
	2.2
	3.3
	4.7
	6.8

	1.1
	1.6
	2.4
	3.6
	5.1
	7.5

	1.2
	1.8
	2.7
	3.9
	5.6
	8.2

	1.3
	2.0
	3.0
	4.3
	6.2
	9.1


Two or more of these resistors can be combined to give other values of resistance.

Finding useful combinations.
In the laboratory there are resistors with the values 1 k, 2.2 k, 3.3 k, 4.7 k, 5.6 k and 
6.8 k

How can you combine two or more of these resistors when you need a resistance of:

1.
3 k




2.
9 k




3.
500 




4.
5 k




5.
4 k




Practical advice

Questions for practice and gaining confidence. Questions 4 and 5 may require trial and error. Encourage students to estimate the effect of placing resistors in parallel

An alternative strategy is to consider the conductance required.

Answers and worked solutions

Possible combinations

1.
Three 1.0 k in series.

2.
6.8 k and 2.2 k in series.

3.
1 k and 1 k in parallel.

4.
Two 5.6 k in parallel then connected in series with a 2.2 k.

5.
Parallel combination of two sets of 3.3 k in series with 4.7 k
External references

This activity is taken from Advancing Physics Chapter 2, 140S
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