Teacher’s Guide – Series and Parallel Circuits

Name______________________________   Date________________   Hour________________
Series and Parallel Circuits
INTRODUCTION

Electricity is one of the most fundamental parts of our daily lives.  Electricity runs our appliances, lights our homes, keeps our food cold, and provides us with a wealth of other conveniences.  This lesson provides background information on the basics of electricity followed with a lab exercise dealing with circuits.
GENERAL KNOWLEDGE
Electric Charge:  The SI unit of charge is the coulomb, C.  Electrons and protons both have exactly the same amount of charge, 1.6 x 10-19 C.  Protons are positively charged (+1.6 x 10-19 C), while electrons are negatively charged (-1.6 x 10-19 C).  So 1 C is equivalent to 1 ÷ 1.6 x 10-19 = 6.25 x 1018 elementary charges.

Electric Current:  Electric current is the flow of electric charge.  Current is measured in the units of Amperes, A.  1 A of current is equivalent to the flow of 1 C of charge past a point per second.  Electric current can either be direct or alternating.

Direct Current (DC):  DC is the constant flow of electric charge in one direction, typically from chemical cells found in batteries.
Alternating Current (AC):  AC is an electrical current whose magnitude and direction vary cyclically.  Electricity delivered to homes typically has a frequency of 60 Hz.

Potential difference (Voltage): Between any two points, the work that must be done against electric forces to move a unit charge from one point to the other.  The SI unit of potential difference is Volts, V.
Resistance:  The opposition posed by a material or a device to the flow of current.  The SI unit of resistance is the Ohm, Ω.

Electrical circuit:  A set of electrical components connected such that they provide one or more complete paths for the movement of charges.

Series circuit:  A circuit in which the components of a circuit form a single path for current.

Parallel circuit:  A circuit in which all of the components are connected to each other side by side, offering multiple paths for current flow.
EXPLORATION

Materials:

Each of the following is required per group:

· (10) copper wire pieces

· (2) D size 1.5 V battery & holders
· (4) small light bulbs (1.2 V) & holders
· (3) switches

· (1) pair of pliers

Procedures:

1. You (the teams) need to gather materials and group your desks together so that you have a flat workspace to build circuits.

2. You will be assembling circuits and making observations.

Data Collection:

Perform the exploration.
1. Assemble the circuit shown below.  Open and close the switch and describe what happens.
Observations:  When the switch is open, the bulb isn’t lit.  When the switch is closed, the light bulb is bright.





2. Assemble the circuit shown below.  When the circuit is closed, compare the brightness of the bulbs to when there was only one light bulb in the circuit.

Observations:  The bulb brightness looks about the same as in circuit #1.  This makes sense intuitively because we have double the voltage applied to two bulbs.






3. Add more light bulbs to the circuit shown in Step 2 until there is a bulb not emitting light.
Describe what must be happening if the circuit is closed, yet there are bulbs that light up and at least one that doesn’t.  For the three bulb case, one of the bulbs is dimmer than the other two.  When four bulbs are in the circuit, one of the bulbs doesn’t light.
The voltage is dropping across the bulbs in series.  It should be observed that the bulb brightness steps down.  The first two bulbs should be lit up brightly, the third bulb should be dim, and the fourth bulb shouldn’t be lit.


The circuits in Steps 1-3 are known as series circuits.  In a series circuit, the components form a 


single path for current flow.

4. Assemble the circuit shown below.  Open and close the switches and make observations.
Observations:  One loop doesn’t affect the other.  The loops are acting independently.  The brightness of the bulbs is the same for all cases, even when both loops are closed.




5. Add another switch and bulb to the above circuit making a three loop circuit.  With all switches closed, describe the brightness of the bulbs.  All three loops act independently.  The brightness of the bulbs is the same for all cases, even when all three loops are closed.  This observation tells us that each loop is getting the same voltage (there is no drop from loop to loop).




The circuits in Steps 4 and 5 are known as parallel circuits.  In a parallel circuit, the components form multiple paths for current flow.  Having multiple paths for current flow allows for some portions of the circuit to be inactive but others can still work.
6. What do you think will happen if 2 batteries are put in series circuit #1?  Hint:  Look at the voltage supplied by the batteries.  The bulbs are designed for 1.2 V.





Now build the circuit shown above and describe what happens.  Was your prediction accurate? 


The bulb blows out instantly.  The two 1.5 V batteries in series provide a total voltage drop of

3.0 V.  This voltage makes the current flowing across the filament in the bulb too high and the bulb flashes brightly once and then immediately goes out when the circuit is first connected.

CONCEPT DEVELOPMENT

1. Using observations from the first part of the lab, what can be said about series circuits?  

If the switch is open, then no current can flow through the circuit and the bulb will not light up.  Thus any break in a series circuit will not allow the flow of electricity through the loop.
2. What happens when more bulbs are added to a series circuit? 
As more bulbs (resistors) are added in a series circuit, the voltage difference is reduced as you go through the loop.  For example, if two 1.5 V batteries are connected in series, the total voltage difference is 3.0 V.  Suppose these batteries are connected in a series circuit with three 1.2 V bulbs.  The first two bulbs will get 1.2 V and light brightly.  However, there will only be 0.6 V left for the third bulb and it will not light up as brightly.

3. Using observations from the second part of the lab, what can be said about parallel circuits? 
In parallel circuits, the loops act independently of one another.  A break in one loop doesn’t affect the other loops.  Parallel circuits allow for various pieces of the circuit to be out while still allowing for current flow in other pieces.  Our homes are wired in parallel so that if a device shorts out in the bathroom, the rest of the house (not wired on the bathroom circuit) will remain powered.
4. In parallel circuits, describe the effect of multiple loops with regard to bulb brightness? 
We see that in parallel circuits, the multiple paths for electricity flow allow for a bulb in a connected loop to be brightly lit, even if there are breaks in other loops.  Each loop in a parallel circuit gets the same voltage difference.  This means that each lit bulb will have the same brightness. 

AUTHENTIC ASSESSMENT
Each group will find one real-world example of EITHER a series or a parallel circuit.  You may use the internet, books, etc. to find your example.  Once you have found your example, prepare the following deliverables for the next class session where your group will make a presentation to the class.  This portion of the lesson is worth 40 points.

· You need to make a poster clearly describing your device, how it is used, and why it is wired in series or parallel  (30 points)

· Assemble the type of circuit used in your device (using materials provided by the teacher) and explain to the class the key features of the circuit type  (10 points)

For the second part of the assessment, the materials from day 1 should be made available for the students to explain how the circuit in their device works.

