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Find E and r



© 2016 Pearson Education Inc.

Ammeters and voltmeters in combination
• An ammeter and a voltmeter may be used together to measure 

resistance and power. 

• Two ways to do this are shown below. 

• Either way, we have to correct the reading of one instrument 
or the other unless the corrections are small enough to be 
negligible.





Series Resistors 
• Since the current through each resistor is the 

same, 
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Parallel Resistors 
• For resistors in parallel, the voltage across 

each is the same, so, 
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Q26.3

a b

120 V
240 W

120 V
120 W

120 V
60 W

A. the 120-V, 60-W light bulb

B. the 120-V, 120-W light bulb

C. the 120-V, 240-W light bulb

D. The voltage drop across all three light bulbs is the same.

A 120-V, 60-W incandescent light 
bulb; a 120-V, 120-W incandescent 
light bulb; and a 120-V, 240-W 
incandescent light bulb are connected 
in parallel as shown. The voltage 
between points a and b is 120 V. 
Through which bulb is there the 
greatest voltage drop?
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Q26.4

a b

120 V
240 W

120 V
120 W

120 V
60 W

A 120-V, 60-W incandescent light 
bulb; a 120-V, 120-W incandescent 
light bulb; and a 120-V, 240-W 
incandescent light bulb are connected 
in parallel as shown. The voltage 
between points a and b is 120 V. 
Which bulb glows the brightest?

A. The 120-V, 60-W light bulb glows  
the brightest.

B. The 120-V, 120-W light bulb glows the brightest.

C. The 120-V, 240-W light bulb glows the brightest.

D. All three light bulbs glow with equal brightness.



Mixed Resistors 



Analysis Steps 
• If you are asked to determine the current 

through and potentials across several resistors 
in a circuit, follow these steps: 
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Q26.2
R

R

R

Three identical resistors, each 
of resistance R, are connected 
as shown. What is the 
equivalent resistance of this 
arrangement of three 
resistors?

A. 3R

B. 2R

C. 3R/2

D. 2R/3

E. R/3
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Three identical resistors, each 
of resistance R, are connected 
as shown. What is the 
equivalent resistance of this 
arrangement of three 
resistors?

A26.2

A. 3R

B. 2R

C. 3R/2

D. 2R/3

E. R/3

R

R

R





Caution! 
• Not all circuits can be analyzed in this way.  
• In the diagram below, the resistors are neither 

in series or in parallel. 
• We will develop another method for this 

analysis. 
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Kirchhoff’s rules
• Many practical resistor networks cannot be reduced to simple 

series-parallel combinations.  

• To analyze these networks, we’ll use the techniques developed 
by Kirchhoff.

Define: 
Loop 

Junction



Kirchhoff’s loop rule
• A loop is any closed conducting path.  

• Kirchhoff’s loop rule (valid for any closed loop) is: 

• Conservative force —> potential at a point has a definite 
value



Kirchhoff’s junction rule 

• A junction is a point where three or more conductors meet.

Water pipe analogy:Conservation of charge 
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Sign conventions for the loop rule
• Use these sign conventions 

when you apply Kirchhoff’s 
loop rule.  

• In each part of the figure, 
“Travel” is the direction that 
we imagine going around the 
loop, which is not necessarily 
the direction of the current.
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A single-loop circuit
• The circuit shown contains two batteries, each with an emf 

and an internal resistance, and two resistors. 

• Using Kirchhoff’s rules, you can find the current in the circuit, 
the potential difference Vab, and the power output of the emf 
of each battery.



Caution! 
• Not all circuits can be analyzed in this way.  
• In the diagram below, the resistors are neither 

in series or in parallel. 
• We will develop another method for this 

analysis. Back to our old “bridge” circuit:


