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Resistors
● Resistor: limits flow of charge in circuit

○ Resistance: limit on charge flow



21.1 Resistors in Series
● Series: whenever flow of charge (current) must flow sequentially

● Total resistance is sum of individual resistances

Total resistance: Rs = R1 + R2 + R3

● Voltage drop: loss of electrical power
○ Caused by presence of resistors

○ Voltage: electromotive force necessary for current to flow through resistance



Equations
Ohm’s Law:

V = IR

V= voltage drop

I = current (amps)

R= resistance (ohms)

In resistors:

V = I (R1+ R2 + R3)
V = IRs
 



Equations
Electrical Potential Energy:

PE = qV

q= charge

V= voltage

● Q dissipates some of the energy in the system but it has nowhere else to go 
so it remains the same throughout

In resistors:

qV1 + qV2 + qV3 = qV



Equations
Joule’s Law:

P= IV = I2R

P= power output

I = current

R = resistance



Example: Analysis of a Series Circuit
The voltage output of a battery is 12.0 V, and the resistances are R1= 1.00 ohms, 
R2= 6.00 ohms, and R3= 13.00 ohms. 

a) What is the total resistance? 

Total resistance: Rs = R1 + R2 + R3

=1.00+6.00+13.00= 20.00 ohms

b)    Find the current.

V = IR  → I = V/R → I = 12 V/20 ohms = 0.600 A



Example Analysis of a Series Circuit
The voltage output of a battery is 12.0 V, and the resistances are R1= 1.00 ohms, 
R2= 6.00 ohms, and R3= 13.00 ohms. 

c) Calculate the voltage drop in each resistor, and show these add to equal the 
voltage output of the source. 

V1 = IR1 = (0.600A)(1 ohms) = 0.600 V

V2 = IR2 = (0.600A)(6.0 ohms) = 3.60 V

V3 = IR3 = (0.600A)(13.00 ohms) = 7.80 V

0.600 + 3.60 + 7.80 = 12 V 



Example Analysis of a Series Circuit
The voltage output of a battery is 12.0 V, and the resistances are R1= 1.00 ohms, 
R2= 6.00 ohms, and R3= 13.00 ohms. 

d) Calculate the power dissipated by each resistor.

P1 = I2R1 = (0.600)2(1.00) = 0.360 W

P2 = I2R2 = (0.600)2(6.00) = 2.16 W

P3 = I2R3 = (0.600)2(13.00) = 4.68 W



Example Analysis of a Series Circuit
The voltage output of a battery is 12.0 V, and the resistances are R1= 1.00 ohms, 
R2= 6.00 ohms, and R3= 13.00 ohms. 

e) Find the power output of the source, and show that it equals the power 
dissipated by the resistors.

P = IV = (0.600 A)(12.0 V) = 7.20 W

0.360 + 2.16 + 4.68 = 7.20 W



21.2 -Terminal Voltage-explaining using a battery
-EMF is the potential difference between the terminals of a battery when no 
current flows (potential difference is separation of charge) 

-There’s a dip in the EMF when the current flows

-Battery contains Internal Resistance

https://www.youtube.com/watch?v=hb3V2XboZTs    -cute vid

https://www.youtube.com/watch?v=hb3V2XboZTs


Voltage is defined as the electrical potential energy divided by charge:
V=Pe/Q
Terminal Voltage= (emf of battery)-voltage drop 
Or 
V=emf-Vdrop
Or
V= emf - Ir
Where:
r = internal resistance
I = current flowing at the time of the measurement



Problems
1a) What is the resistance of ten 275 ohms resistors connected in series?

10(275)= 2750 ohms

Adding all resistors 

(R1+R2+R3…)



Problems
13) Two resistors, one has a resistance of 900 k-ohms, are connected in series to 
produce a total resistance of 0.5 M-ohms.

Value of second resistance?

900 k-ohms = 900,000 ohms

0.5 M-ohms= 500,000 ohms

500,000 - 900,000-=  - 400,000 ohms 

Unreasonable result



Problems
16) What is the output voltage of a 3.000 V lithium cell in a wristwatch that draws 
0.300 mA, if the cell’s internal resistance is 2.00 ohms?


