Lesson #5:  Series and Parallel Circuits

Part I:  Voltage

Recall:  When electric cells are placed in series, the voltage increases.

VT = V1 + V2 + V3 …

e.g., calculate the total voltage (VT) if 6 batteries rated at 1.5V each are connected in series.

VT = 1.5V + 1.5V + 1.5V + 1.5V + 1.5V + 1.5V or simply 6 x 1.5V

VT = 9.0V

Recall:  When electric cells with equal voltage are connected in parallel, the voltage remains the same.

e.g., calculate the total voltage if 4 batteries rated at 1.5V each are connected in parallel.

Answer:  1.5V (i.e., the voltage remains the same).

Part II:  Resistors and Current

When resistors are in series in a circuit, the total resistance to electron flow increases.

RT = R1 + R2 + R3 …..

e.g., calculate the total resistance (RT) if a 5( , 2( , and 3( resistor are placed in series in a circuit.

RT = 5(  +  2(  +  3(
RT = 10(
Q:  What effect does increasing resistance have on current?

A:  the electrons slow down (i.e., the current decreases)

Q:  How does the value of current compare between any two points in the circuit below?
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A:  The current will be the same because all of the electrons are forced to flow through the same path.

Q:  If a 6.0V battery is the power supply above, how can one determine the voltage drop across each resistor?

Step #1:  First determine the current of the circuit.

I = V/RT

I = 6.0V/10(  

Therefore the current anywhere in the circuit is 0.6A

Step #2:  Use Ohm’s law to determine the voltage drop across each resistor.

V = IR1


V = IR2


V = IR3

V = (0.6A)(5()  =  3.0V
V = (0.6A)(2() = 1.2V
V = (0.6A)(3() = 1.8V

Orally:  Notice that the total voltage drop across all the resistors is always the same as the voltage from the power supply (i.e., 3.0V + 1.2V + 1.8V = 6.0V total).  How would the voltage drop across each resistor have compared if their resistance rating was the same?  The voltage drop would have been divided equally among all of the resistors.  Therefore each resistor would show a voltage drop of 2.0V.

When resistors are placed in parallel, more than one path is available for current to travel.  Since there is more than one path, the total resistance in the circuit will decrease.

Orally:

Why would the total resistance decrease?!!!!  Pretend that you are at Wal-Mart and only one cashier is working.  The cashier represents the resistor and the line of people moving represents the current.  If you’re at the end of the line you could be in Wal-Mart for a long time!  What happens if you add more cashiers?  Well, you’ve added more resistors, but you’ve provided more paths for people to travel and as a result, you can purchase your stuff and get out of the store quicker!  The current is higher, so the total resistance keeping you in the store is lower.

Q:  If two resistors are placed in parallel with values 10( and 5( , which path would allow more current to flow through it?

A:  The path that offers less resistance allows more current to flow.  i.e., the 5( path.

Q:  How do I calculate total resistance RT when identical resistors are in parallel?

A:  RT = R/n  (n is the number of identical resistors)

Calculate the total resistance in the circuit below.
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RT = 10(/2

RT = 5(
Orally:  Notice that the total resistance is lower than the individual resistor values.  The reason is because you have increased the number of paths that current can flow.  If more resistors were added in parallel, even more pathways would be available and the resistance would decrease even more.

Q:  What is the voltage for each pathway in the circuit below?

A:  Voltage does not change when resistors are arranged in parallel!  3.0V for each path.

Q:  What is the current for each ammeter in the circuit below?
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A:  

1. Use Ohm’s law to determine the current for each pathway.

2. Add the current from each path to calculate the total current. (You may also use Ohm’s law to calculate the total current if RT is used.)

For Path #1

I = V/R1
I = 3.0V/10( 

I = 0.3A

Therefore the ammeter A1 = 0.3A

For Path #2

I = V/R2
I = 3.0V/20(

I = 0.15A

Therefore the ammeter A2 = 0.15A

All of the current from path 1 and 2 will flow through ammeter A3.

Therefore, A3 = A1 +A2

                  A3 = 0.3A + 0.15A


      A3 = 0.45A  (This is the total current which can be used to calculate the total 

                 resistance using Ohm’s law)

RT = V/I(total)

RT = 3.0V/0.45A

RT = 6.7(
Orally:  It’s important to note that you may not calculate RT by using RT = R/n b/c these resistors are NOT identical!

Check your understanding10.5 on pg.325 Questions #1-8
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