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Last class we considered this circuit: 

Here the battery operated as a “pump” that moved 
positive charges from lower to higher electric potential.  
As we established, the battery “did work” on the circuit. 

Any device that operates in this way is generically called an “electromotive 
force” (EMF) device. These come in various kinds and demand of a source 
of energy to operate. In the case of a battery it is chemical energy, in the case 
of a generator it is mechanical energy, in the case of a solar cell it is energy from 
light, etc. 

The difference in potential energy that the 
device is able to establish is called the EMF 
and denoted by E. 

a b c d 

a b c d 

aa ViRV =−+ E iR=E



R V 

+ 

a 

b c 

d 

What we just did is something we will repeat throughout 
this course: figuring out potential differences in a circuit. 
In more complicated circuits this can become tricky. 

A goof-proof procedure consists in “taking a walk” 
along the circuit. Say you start from a and return to a. 

As one “walks” through the circuit (in any direction) one needs to follow 
two rules: 

When walking through an EMF, add +E if you flow with the current or -E 
otherwise.  How to remember: current “gains” potential in a battery. 

When walking through a resistor, add -iR, if flowing with the current or +iR 
otherwise. How to remember: resistors are passive, current flows “potential down”. 

Example: 
Walking clockwise from a: +E-iR=0. 
Walking counter-clockwise from a: -E+iR=0. 
  



Ideally, an EMF device will “shuttle around” as many charges as needed to  
establish the specified EMF. In the real world, there are practical limitations 
to  EMF devices.  
These limitations manifest themselves in the fact that if one connects resistors 
of lower and lower value of R, eventually the EMF source fails to establish  
the potential difference E, and settles for a lower value. 

One can represent a “real EMF device” as an ideal one attached to a resistor, 
called “internal resistance” of the EMF device: 
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Resistors in series: 
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Multi-loop circuits: 
Assign a different current to each 
branch of the circuit. 

Strategy: 

Take walks along each loop in the 
circuit. Each walk will produce an 
equation. 
At the end of the day you should have 
enough equations to solve for the unknowns! 

Write equations for cable junctions. 



Let’s do it! 

Walk along the left loop: 
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Cable junctions: 

231 iii =+

Walk along the right loop: 

022233 =−−− ERiRi

Given the values of the EMF’s and the resistors, we are left with three 
equations with three unknowns, i.e., the three currents. 



Is the procedure unique? No. Typically one can  
choose more than one set of loops. For instance,  
we could have taken the left loop and the  
“exterior loop”. The result is unique. 

The equations that result from solving  
circuits in this way are known as  
Kirchoff’s laws. 

 
        Gustav Robert  
Kirchhoff (1824-1887) 

Some loops are definitely more  
convenient than others! 
Example: monster resistor maze. 
Typically: batteries are easier to deal 
with. We know V from the outset! 
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Resistors in parallel: 
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Summary: 

•  To solve a circuit, start at any point in it and 
“take a walk” around it. 

•  Add potential every time you traverse an 
EMF from - to +. 

•  Deduct potential every time you move along 
a resistor “with the flow”. 

•  Take as many walks along independent 
loops as needed to solve the circuit. 


