
First Order Circuits 
(A simple introduction for E11 Lab 4)

•The method presented here is simple & powerful (but limited).

•It can only be applied to first order circuits (or systems).

•At least one thing in the circuit changes at t=0, and then 
remains changed (and constant) for t>0.

•In this situation the quantity in question (it can be current, 
voltage, charge…) follows a trajectory (for t>0) governed by the 
equation:

In this equation ‘’ is the time constant, ‘x(0+)’ is the value of the 
quantity just after t=0, and ‘x(∞)’ is the value of x(t) as t Ÿ ∞.  

We just need to find these three quantities.
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Rules for First Order Circuits 
(with a step change at t=0)

•Initial conditions:
oThe voltage across a capacitor can’t change instantaneously (why 
not?), so…

vC(0
-)=vC(0

+).
o Current through an inductor can’t change instantaneously, so…

iL(0
-)=iL(0

+).

•Steady state:
oWhen a circuit is at equilibrium (i.e., t=∞) a capacitor acts as an 
open circuit, so…

iC(∞)=0.
o At equilibrium an inductor acts as an short circuit, so…

vL(∞)=0.

•Time constant:

oFor a circuit with a single capacitor, =RC.  In this equation R is 

the Thevenin Resistance seen by the capacitor.

o With single inductor, =L/R. (R is resistance seen by the 

inductor.)



Final Value by long term behavior of 
capacitor,

iC(∞)=0, so…
vo(∞)=0.

A Simple Example

What is vo(t)?

Vin(t)=0V, t<0.

Vin(t)=5V, t≥0.
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Initial value by continuity of capacitor 
voltage,

vc(0-)=0=vc(0+), so…
vo(0+)=vin(0+)=5V.
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A (Not So) Simple Example

What is I1(t) if switch goes from left 
position to right position at t=0.
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LThis looks hard! L

First find initial condition by 
continuity of inductor current.

IL(0
-)=Va/R1=IL(0

+), so…

I1(0
+)=Ib-IL(0

+)=Ib-Va/R1

J(but isn’t really)J



A (Not So) Simple Example
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After switch closes, find final current 
using steady state behavior of inductor.

VL(∞)=0, so… 
I1(∞)=Ib·R1/(R1+R2)



Best: Least squares fit to all data.

Finding ŰFrom Data (Decay to 0)

Note: For these data =3, with random noise added.

Better: Find point at which function 
decays to with 37% (e-1) of final 
value (or decays through 63% of 
total change).
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Good: Extend slope at t=0 to 
asymptote (y(∞)=0).



Best: Least squares fit to all data.

Finding ŰFrom Data (Rise from 0)
Note: For these data =3, with random noise added.

Better: Find where function decays 
to within 37% (e-1) of final value 
(or decays through 63% of total 
change).
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Good: Extend slope at t=0 to 
asymptote, with y(0+)=0.



Harder Case
Neither y(0+) nor y(∞) is equal to zero.

Best: Least squares fit to all data.

Note: the least squares fit can find any or all of 

the unknowns (Ű, y(0+) and/oryv(∞)).

Note: For these data =3, with random noise added.

Better: Find where function decays 
to within 37% (e-1) of final value 
(or decays through 63% of total 
change).

Note: estimate y(0+) and y(∞) by sight.

Good: Extend slope at t=0 to 
asymptote.

Note: estimate y(0+) and y(∞) by sight.
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Even Harder Case

Isolate a section, …
How to find time constant?

(We don’t know v(∞) or Ű) t

v(t) v( ) v(0 ) v( ) e

We know v(0+), fit for v(∞) and Ű
(or do a fit to find all three).

… and do curve fit.



Similar problem in last lab (1)

Good: If not much noise

Note: For these data Vout/Vin=2, with noise added.

0 0.5 1 1.5 2
-3

-2

-1

0

1

2

3

Time (ms)

V
o
lt
a
g
e
 (

V
)

Gain of system =2, noise present

 

 
Input pk-pk = 2.1153

Output pk-pk = 4.2563

Gain = 2.0122

Input

Output



Similar problem in last lab (2)
Note: For these data Vout/Vin=2, with noise added.

No good: With significant errors, especially near peak
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Similar problem in last lab (3)
Note: For these data Vout/Vin=2, with noise added.

Best: Least squares fit to all data.
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