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Series
A circuit is in series whenever the current (flow of charge) is in sequence

An example of this could be a person holding a screwdriver. The charge from the 

screwdriver must flow through the handle, person's, shoes, and eventually into the 

Earth.  



Resistors 21.1 
● Resistors Limit the flow of charge in a circuit (could cause light bulb to burn out 

without resistor)

● Measure of this limit on charge is known as resistance

● Resistors can be anything with an electric motor in 



Series Circuit 
Series Circuit connected to a voltage source (battery)

Direction of current is opposite the way the electrons move

To calculate current, use Ohm's law



Series Connected to a Voltage Source (Example) 
If the battery/voltage source is 12 volts,

To find the Amps (current), you use Ohm's law

I(current)= Voltage/resistors

I=12/4

I= Amps

Can rearrange the equation to find other variables if asked for (i.e V=I*R)



Example With Different Resistors
I=V/R

I=3A  (24/((2+1+5))

3x2=6 volts resistor   1

1x3=3 volts resistor   2

3x5=15 volts resistor 3

To check work, add all the volts and you should get 24



Switch in a Series Circuit
Controls flow of current 



Conceptual Question #1
A switch has a variable resistance that is nearly zero when closed and 
extremely large when open, and it is placed in series with the device it 
controls. Explain the effect the switch in the figure below has on current 
when open and when closed. 

A switch provides an easy way to control the electric current because 
any break in a circuit’s continuity results in a stoppage of the flow 
throughout the circuit.  When the switch is open the flow of current is 
stopped.  When the switch is closed the current will flow again so the 
switch can completely control the flow of current in a circuit.



Conceptual Question #4
Why is the power dissipated by a closed switch small?  

The dissipation of a closed switch is small because it acts as a resistor 
but still completes the circuits so barely affects the amount of power in 
the circuit.  



Conceptual Question #7
Would your headlights dim when you start your car’s engine if the wires in your automobile were superconductors? 
(Do not neglect the battery’s internal resistance.) Explain.

In a normal car battery the device has a very low resistance and so when it is switched on a large current flows.  This 
current causes a larger drop in the wires reducing the voltage which would cause the headlights to dim.  However if 
the wires were made of superconductors, the lights would not dim as superconductors would allow the movement of 
charge without any loss of energy since they have no resistance at all.



Conceptual Question #10
Before World War II, some radios got power through a “resistance cord” that had a significant resistance. Such a 
resistance cord reduces the voltage to a desired level for the radio’s tubes and the like, and it saves the expense of a 
transformer. Explain why resistance cords become warm and waste energy when the radio is on.

Because the energy that is lost by the resistor is converted to heat.



Conceptual Question #13
Is every emf a potential difference? Is every potential difference an emf? Explain.

EMF or electromotive force refers to the voltage developed by an electrical source.  Potential difference refers to the 

observed difference in voltage between any two points in an open circuit. 



Math Problem #1
1. (a) What is the resistance of ten 275Ω (Ohm) resistors connected in series? (b) In 

Parallel? 
a. Rs = R1 + R2 + R3 + ........ + R10 = (275Ω)(10)= 2.75 kΩ
b. 1/Rs= 1/R1+1/R2+1/R3+... 1/R10= (10) (1/275Ω)= 3.64 x 10^-2 Ω

Rparallel= (1/ 3.64 x 10^-2) Ω= 27.5Ω



Practice problem 16
What is the output voltage of a 3.0000-V lithium cell in a digital wristwatch that draws 0.300 mA, if the cell’s internal 
resistance is 2.00Ω?

V= emf - Ir  emf is the output voltage of the battery, I is the current and R is the resistance  

V = emf - Ir 

V = 3.0000 V - (0.300 mA) (2.00 Ω)

=  3.0000 V - (0.300 mA) (10-3 A/ 1 mA) (2.00 Ω) 

= 3 V - 0.0006 V

= 2.9994 V

The output voltage of a 3 V  lithium cell is 2.9994 V



Practice problem 19
(a) Find the terminal voltage of a 12.0-V motorcycle battery having a 0.600-Ω internal resistance, if it is 
being charged by a current of 10.0 A. (b) What is the output voltage of the battery charger?

a) Terminal voltage of a motorcycle  V= emf - Ir  V= terminal voltage, emf is the emf of the battery, I is 
the current, r is the internal resistance of the battery 

V = (12.0 V) - (10.0 A)(0.600 Ω ) = 12.0 V - 6.00 V = 6.00 V  Terminal voltage of motorcycle battery is 6.00 
V

b)  V= emf - Ir  The output voltage of the charger

V = (12.0 V) - (10.0 A)(0.600 Ω) = 12.0 V - 6.00 V = 6.00 V output of the charger



Practice problem 22
The label on a portable radio recommends the use of rechargeable nickel-cadmium cells (nicads), although they have a 1.25-V emf while 

alkaline cells have a 1.58-V emf. The radio has a 3.20-Ω resistance. (a) Draw a circuit diagram of the radio and its batteries. Now, calculate 

the power delivered to the radio. (b) When using Nicad cells each having an internal resistance of 0.0400 Ω. (c) When using alkaline cells 

each having an internal resistance of 0.200 Ω. (d) Does this difference seem significant, considering that the radio’s effective resistance is 

lowered when its volume is turned up?

a) E= E1+E2  E1= emf of nicads and E2 = emf of Alkaline cells    E= (1.25 V) + (1.58V) = 2.83 V

Power delivered to the radio is given by, Pr= E2/ R  R= resistance of the radio  Pr= (2.83 V)2/ 3.20 Ω = 2.50 W power 

delivered

b) Total resistance is Rtot= R+r  r = resistance of the nicad cell Rtot = 3.20Ω + .04000 Ω = 3.24Ω

 PN= E2/ R  PN = (2.83 V)2 / 3,24 Ω = 2.47 W  power delivered

c)  Rtot= R+r  r = resistance of the alkaline cell  Rtot= 3.20Ω + .200Ω = 3.40Ω  Power delivered to the radio is given by, PA= 

E2/ Rtot

PA = (2.83 V)2/ 3.40Ω  = 2.36 W power delivered is 2.36 W 

d) The difference is very small,



Practice problem 25
(a) What is the internal resistance of a voltage source if its terminal voltage drops by 2.00 V when the 

current supplied increases by 5.00 A? (b) Can the emf of the voltage source be found with the information 

supplied?

a) The change in voltage is V1- V2= (emf- I1 r) - (emf- I2r) = (I2- I1) r   

r = internal resistance, V1 and V2 is the initial and final voltage. I1and I2 is the initial and final current in the 

circuit 

2.00 V= (5.00 A)r 

r = (2.00 V)/ (5.00 A) = 0.400 Ω 

b) Since the value of the internal resistance is not given, emf of voltage source can’t be determined



Practice problem 28

A) E=V+IR  solving for R     12=16+(10*R) 

B) P=V^2/R

C)


