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First Order Circuit

• Any circuit with a single energy storage element, an

arbitrary number of sources, and an arbitrary number

of resistors is a circuit of order 1.

• Any voltage or current in such a circuit is the solution

to a 1st order differential equation.
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First Order Response

The forced response is what the circuit does with the sources turned on,

but with the initial conditions set to zero. The natural response is what the

circuit does including the initial conditions, but with the input suppressed. The

total response is the sum of the forced response plus the natural response.

Natural Response : Source free response results from energies stored in

dynamic circuit elements and is characterized by the nature of circuit itself
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Applications of First Order Circuits

Automobile Ignition Circuit
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Applications of First Order Circuits

Camera Flash
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Step Response of a RC Circuit

When a DC Voltage or Current source is suddenly turned on, the source can be 

modelled as a step function.

u(t): Unit-step function

= 0 for t < 0

= 1 for t > 0

t=0

VS VS
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Step Response of a RC Circuit
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Step Response of a RC Circuit
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Step Response of a RC Circuit

If Initial charge on capacitor is zero 
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Step Response of a RC Circuit

Switch is a. Closed for t < 0 s

b. Open for t > 0 s
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Step Response of a RC Circuit

For t < 0, the circuit is a DC circuit therefore, the capacitor behaves as Open Circuit.

By Voltage division ,

𝑣 = 
V ∗𝑅

𝑅𝑔+𝑅
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Step Response of a RC Circuit

For t > 0,

𝑣(0) = 
V ∗𝑅

𝑅𝑔+𝑅

iC+iR= 0
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Step Response of a RC Circuit
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Step Response of a RL Circuit

When a DC Voltage or Current source is suddenly turned on, the source can be 

modelled as a step function.

u(t): Unit-step function

= 0 for t < 0

= 1 for t > 0
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Step Response of a RL Circuit

VS u(t) +

v

-

Transient response is always a 

decaying exponential

Let I0 be the initial current through the inductor
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Step Response of a RL Circuit

𝑖 = 
𝑉

𝑅
(1 - 𝑒

−𝑡𝑅

𝐿 )

𝑣 = 𝑉𝑠 𝑒
−𝑡𝑅

𝐿
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Step Response of a RL Circuit

Switch is a. Closed for t<0

b.   Open for t>0
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Step Response of a RL Circuit

➢ Switch is closed at t < 0s.

➢ Inductor acts as short circuit for dc, voltage

vL= vR = v = 0

 iR = 0,
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Step Response of a RL Circuit

➢ Switch opens at t = 0 sec and remains open for t > 0.

➢ Current through inductor can not change instantaneously

At t =0,  i(0)=e K
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Step Response of a RL Circuit
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Ideal Diode Model
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Practical Diode Model
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LED Model
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Thank you


