The Norton Equivalent Circuit

* Get the Norton Equivalent Circuit from the Thevenin by Source
Transformation.
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Alternate Way to Determine
the Thevenin Resistance

If the sources are all Independent



If the Sources Are All Independent

* Look into the a-b terminals with all sources set equal to O.
* Voltage Sources go to Short Circuits
* Current Sources go to Open Circuits

e Determine the resistance



For our Example
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Looking into the a-b terminals
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Laplace circuit solutions
Showing the usefulness of the Laplace transform

Circuit Element Models
Transforming circuits into the Laplace domain

Analysis Techniques
All standard analysis techniques, KVL, KCL, node,
loop analysis, Thevenin’s theorem are applicable

Transfer Function
The concept is revisited and given a formal meaning

Pole-Zero Plots/Bode Plots
Establishing the connection between them

Steady State Response
AC analysis revisited
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We compare a conventional approach to solve differential equations with a
technique using the Laplace transform

i(f) R =1000 Comple “Take Laplace transform” of the equation
mentary

: di
vg(t) = 1u(t) VC_D }L — 100 mH Vg (t) - R'(t) + I—_(t)

L v =RIs)+ L T - B
di I=Ic +1, dt Initial conditions
KVL: vq(t)=Ri(t)+L—(t) are automaticall
: T P2 S |-10-10-96) fncuded
Complementary equation ) 1 q
: i : .—=RI(s)+ Lsl(s 1(S)=————
Ri. () + LO(ljl—f(t) =0=i.(t)=K.e™ f S (5) (5) 5) S(R+ Ls)
; ; R € I(s)= L Ky N K,  Only algebra
RKee™ + LK (—ae™ )=O:>azt u s(R/L+s) s s+R/L is needed
Particular solution for this case L K, =51 (8)]oo= 1
N _1_ =07 R No need to
i,()=K, =Vs=1=RK, s 1 search for
_ 1 _FL%t Use boundary conditions K, =(s+ R/L)I(S)|._r/ = = particular
=g +Ke® © y@=0fort<0= i(0)=0 or comple-
R _ 1 _R, mentary
it) = (1 o L ) (50 |(t)=E l-e L [t>0 solutions
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IEEARNINGIBVIDOINGY Find v(1). t>0

In the Laplace domain the differential

V—V equation is now an algebraic equation
s
- 1
R 1k _1
A . RCsV (s)+V (s) s
L u()V c

+ 1 1/RC

- S(RCs+1) s(s+1/RC)

Use partial fractions to determine inverse
Model using KCL C dv n V—Vg -0 1/ RC Kl K2
dt R V(s)= =—+
s(s+1/RC) s s+1/RC

dv
RCE+V:VS Ki=sV(S)|,_o=1

Ky =(s+1/RCNV(S)|s—_1/rc=-1
dv

RCB[E} +V (s) =V¢(s)

t

v(t)=1-e RC t>0
dv

B[E} =SV (s)—Vv(0) =sV (s)

Vs (t)=0, t <0=>v(0)=0 Initial condition
given in implicit
1 form
Vs =u(t) =V (s) =-
S
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The method used so far follows the steps:
1. Write the differential equation model
2. Use Laplace transform to convert the model to an algebraic form

For a more efficient approach:

1. Develop s-domain models for circuit elements

2. Draw the “Laplace equivalent circuit” keeping the interconnections and replacing
the elements by their s-domain models

3. Analyze the Laplace equivalent circuit. All usual circuit tools are applicable and all
equations are algebraic.

Resistor
Independent sources it K(s)
Vs (t) > Vs (s) v A
is(t) > 15(9) (1) SR V(s) SR
Dependent sources = =
Vp (1) = Al (1) >V (s) = Al (3) ) )
Ip(t) =Bvc (1) > I5(s) =BVc(s) v(t)=Ri(t) =V (s)=RI(s)
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Capacitor: Model 1
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Source transformation
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Impedance in series
with voltage source

Capacitor: Model 2
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I (s)=CsV (s)—Cv(0)

Impedance in parallel
with current source
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