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SECOND ORDER LC CIRCUITS
FALL 2000 A.P. FELZER

Todo "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as
appropriate graphs and tabl es.

Aswe have seen in our previous investigations, the voltages and currents of first order RC and RL

circuits like the following

decay to zero asthe resistors dissipate the energy. The objective of thisinvestigation isto see what
happens in LC circuits that contain no resistors.

1. Webegin by seeing what happensin the following second order L C circuit
iL(t)
1 mh 10 pf == vc(t)

+

a. Verify that thefirst order coupled differential equations for this circuit are
vg=-10%, i$=10°,

b. Make use of your resultsin part (a) to find i' (0) and v'c(0) if the circuit'sinitial
conditions are
iL(®=5ma and v(0)=0voalts

c. Now put your equations from part (a) in matrix form and find the natural frequencies.
d. When the natural frequencies of acircuit are purely imaginary with

S1=+Wo S2 = -jWo
asthey arefor our LC circuit then the natural responses of v(t) and i, (t) are pure

sinsusoids of the form
K cos (wot + Q)

where K and g depend on the initial conditions of the complete response - which for
circuits like ours without sourcesis ssimply the natural response. M emor ize this result.
And then make use of it and your resultsin part (b) to find and sketch v(t) and iy (t)

e. Explaininwordswhy v¢(t) and i (t) don't decay to zerointhisLC circuit like they doin
RC and RL circuitslike those in the introduction.

2. The objective of this problem isto generaize on the results of Problem (1) with the following
circuit



iL(t) h N
L 5 C == vc(t)

(

a. Verify that the coupled first order differential equations for this circuit are

b.

C.

1. .1
vgz-ElL and 'L¢=|__Vc

Make use of the equations from part (a) to verify that the natural frequencies of the circuit
are purely imaginary with values

o1 .1
S =1 e S =-1 e
and so the natural responseis a pure sinusoid with frequency
1

@~ JLC
M emorize this result.
How doesincreasing C and/or L affect the frequency of an LC circuit.

3. Theobjective of this problem isto show that as v(t) and iy (t) oscillate sinusoidally the
capacitor and inductor in an LC circuit asfollows

iL(t) h N
L 5 C == vc(t)

:

are transferring their energies back and forth.

a

- o

Show that when the magnitude of v¢(t) isincreasing then the inductor is transferring
energy to the capacitor. Hint - show that when the magnitude of v¢(t) isincreasing then
the magnitude of i (t) is decreasing.

Show that when the magnitude of v(t) is decreasing then the inductor is receiving

energy from the capacitor.
Show on a graph of v¢(t) where the capacitor is receiving energy from the inductor and

where it's transferring energy to the inductor.
Show on agraph of iy (t) where the inductor is receiving energy from the capacitor and

whereit's transferring energy to the capacitor.

Why do you think we refer to LC circuits like the one in this investigation as an L C tank
Verify that no energy isbeing lost in theidedl circuit of Problem (1) - that its total energy
E(t) = Ec(t) + E_(t) isaways constant.



