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Devices: L-R CIRCUIT

- We already know that a
Resistor: represents that it costs energy to transport charge through a conductor. Establish a
current 7, a voltage drop v appears across R such that
v
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Faraday’s discoveries allow us to define a new device:
Inductor: (L) i causes B
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L is defined by L= m

And we showed in class that the self Inductance of a solenoid is L= g’V , where

n=# of turns per meter
V= volume of solenoid

Now we want to study what happens when we connect our 3-devices, Battery, R and L in the

circuit shown.
At =0, put the switch as shown (1> 2). The battery immediately wants to set up a current.
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However, L immediately objects by setting up a “back” emy, which will oppose ¢, &5 = - L( ;3—;)
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Thus it will take time for the current to grow.
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Step 1 at #=0, =0, No potential drop across R. As a function of position on the circuit the
potential values are

V, A Vs
o
&
=0 L(ﬂ)
) At 0
L=o0
o . G
E F
L( Ai) 0
& - —_— =
At),
Step 2 A little time later i has grown some so now v, = iR and the potentials become
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Clearly, (X%) < (A—;) Rate of growth has slowed down.
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Step 3 A long time later i has grown to its full value, 7 stops changing with time, i - 0 sono

more back emf from L. Potential variation looks like.
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Note:
V, = & is ¢ at =0, i=0
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The time variations are controlled by the characteristic time
L
T= z (verify that this has dimensions of time)

and look like
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After this long time i = %and a magnetic field has been established in L and stores 2—; of

energy per m’. So now if we move the switch so 1->3 the circuit becomes
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Let us start the clock again:

g Ai . : . .
Step 1 =0, i = Rz and the inductor wants to keep i going. Since i is now —ive, ¥, will be +ive

and immediately jump to &.
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Step 2 As stored energy in L becomes smaller it reduces with time.
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Step 3 Long time later, all of the stored energy has been used up: 2t - 0,i> 0.
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The time variations are
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To Summarize:
1) L keeps i=0 when switch first closed

ii) NM-o>0ast>
ii1) in an L-R circuit potential precedes current.

QUESTION: Why does 7 depend on both L and R?

Exponential functions.
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