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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 



© 2016 Pearson Education Inc.

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.



Energy and potential
• An electron goes from 
rest at point A to B 
across a potential 
difference Vab 

• Its kinetic energy at B 
is: 

• a. 90 eV 

• b. 20 eV 

• c. 30 eV 

• d. -30 eV 

• e. none of the above

Red = electric field lines 
Blue = equipotential surfaces

A

B
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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.



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:



A Galvanometer as an Ammeter 
• Note that until now, we have considered 

ammeters to have zero resistance. 
• Since this is not the case in reality, we 

have to take this into account when we 
place an ammeter into a circuit. 

• Let’s consider two different circuits: 
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A Galvanometer as an Ammeter 
• Note that until now, we have considered 

ammeters to have zero resistance. 
• Since this is not the case in reality, we 

have to take this into account when we 
place an ammeter into a circuit. 

• Let’s consider two different circuits: 
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NON ideal Instruments:



A Galvanometer as an Voltmeter 
• Note that until now, we have 

considered ammeters to 
have infinite resistance. 

• Since this is not the case in 
reality, we have to take this 
into account when we place 
an voltmeter into a circuit. 

• Let’s consider two different 
circuits: 
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NON ideal Instruments:



An R-C Circuit 
• We are now going to 

explore the time 
dependence of the charge 
on a capacitor. 

• If we start with a circuit 
with a resistor and a 
capacitor in series with a 
EMF, but with the circuit 
broken by an open switch, 
the capacitor is uncharged, 
since there is no potential 
difference across it. 
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R-C circuits: Charging a capacitor: 
Slide 2 of 4

• At some initial time t = 0 we close the switch, completing the 
circuit and permitting current around the loop to begin 
charging the capacitor. 

• As t increases, the charge on the capacitor increases, while the 
current decreases.



An R-C Circuit (Charging) 
• Let’s check our boundary values of  q(t) at 

t=0 and as t goes to infinity: 
 
 
 

 
 

• And do the same for the current: 
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CPS 26-1 

A battery, a capacitor, and a resistor are connected in series. Which of the 
following affect(s) the maximum charge stored on the capacitor? 

A. the emf e of the battery 

B. the capacitance C of the capacitor 

C. the resistance R of the resistor 

D. both e and C 

E. all three of e, C, and R 



CPS 26-2 
A battery, a capacitor, and a resistor are connected in series. Which of the 
following affect(s) the rate at which the capacitor charges? 

A. the emf e of the battery 

B. the capacitance C of the capacitor 

C. the resistance R of the resistor 

D. both C and R  

E. all three of e, C, and R  





An R-C Circuit (Discharging) 
• Now, let’s start with a fully charged 

capacitor in an open circuit with no 
battery. 

• Initially, there is charge Q0 on the 
capacitor. 

• At some time, t=0, we will close the 
switch, and charge will begin to flow 
around the circuit, through the resistor 
and back to the other side of the 
capacitor. 
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R-C circuits: Discharging a capacitor: 
Slide 2 of 4

• At some initial time t = 0 we close the switch, allowing the 
capacitor to discharge through the resistor. 

• As t increases, the magnitude of the current decreases, while 
the charge on the capacitor also decreases.


