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Problems	
  



In previous courses of physics, you have seen the concept of a  
mechanical oscillator. These are systems such that the motion 
returns periodically to the same point. 

Oscillators are very useful in practical applications, 
for instance, to keep time, or to focus energy in a 
system. 

All oscillators operate along the same 
principle: they are systems that can store 
energy in more than one way and  
exchange it back and forth between the 
different storage possibilities 

For instance, in pendula one exchanges energy  
between kinetic and potential form.  



In this course we have studied that coils and capacitors are devices 
that can store electromagnetic energy. In one case it is stored in a  
magnetic field, in the other in an electric field. 

It is therefore not surprising that one can construct electrical oscillators 
using coils and capacitors. 

Electrical oscillators are crucial to technology. Radios, TVs and  
all communications operate on the basis of waves produced by 
oscillators. So do most electronic clocks, including those that pace 
the operations of all computers. 

The math describing electrical oscillators is exactly the same as the 
math describing mechanical oscillators, so we will start by drawing 
an analogy with them. 



Mechanical oscillator: a spring with a mass 
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Electrical oscillator: a coil and a capacitor 

Capacitor initially charged, we hook it up. Initially, 
current is zero (coil opposes emf), energy is all 
stored in the capacitor. 

A current gets going, energy gets split between 
the capacitor and the coil. 

Capacitor discharges completely, yet 
current keeps going, and will keep going as 
the magnetic field on the coil starts to 
collapse, which will start to recharge the 
capacitor (with opposite polarity). 

Finally, we reach the same state we started with (with 
opposite polarity) and the cycle restarts. 



Electric and mechanical parallels: energy 



Electric oscillations: math 
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Compare with: 

So the math is exactly the same as in the 
case of mechanical oscillators if one makes 
the substitutions: 
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Electric oscillations: graphs and energy 
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And remembering that,

cos2 x + sin2 x =1,  and ω =
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The energy is constant and equal to what we started with. 
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Summary: 
•  One can build electrical oscillators by 

coupling coils and capacitors. Both 
components exchange electrical energy 
back and forth very much like mechanical 
oscillators do between kinetic and potential. 

•  Current and charge are out of phase, energy 
is constant. 

•  In real life oscillations die off due to 
dissipation, and one needs to drive the 
oscillator to keep it going. Next. 


