Linear circuit analysis
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Linear system

* Response obeys the principle of superposition.
fla-x)=a- f(x)
S +x)=f(x)+ f(x)
floa-x+p-x)=a- f(x)+[-f(x)

o, [ = const.

 Response can be expressed as the convolution
of the input with the unit impulse response of
the system.



Linear system: examples

f(x)=5-x
f(x) = x*

f(x) = Sin(x)
f(x)=2+5-x

S

fx) = j x(t)dt

0



Kirchhoff’s Current Law (KCL)

* No current is lost as it flows around the circuit
because charge must be conserved.

« Since charge must be conserved, the sum of the
currents at any node (i.e. a point at which two or
more circuit elements have a common
connection) must equal zero, so no net charge
accumulates.




Kirchhoff’s voltage law (KVL)

* The sum of all voltages in a closed path is zero
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Basic components

* Sources: terminal devices that provide energy
to a circuit.

— |deal voltage source: a device that generates a prescribed
voltage at its terminals, regardless of the current flow
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Basic components

 Resistor

v V(r)

R 1;; l(t)_

« Capacitor

- v ()

dt




Basic components

 Inductor

i .
+ yiey=1- 20

L 1.;(_.f,‘) dt



Voltage divider




Wheatstone Bridge

R, R,
R, +R, R+R

Vo = ( )VEX

» If R,/R; = R,/R,, the Vo =0, which means the
bridge is balanced.



Quarter Wheatstone Bridge
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Where G is gage factor



Half Wheatstone Bridge
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Full Wheatstone Bridge

| +deflection




RC circuit

R * v (t) is a step function

- input.

v .  What is the voltage
) ( | v € across the capacitor,
~ ) - v (1)?
v ()= RCTD L, ()
dt
RCLD ., (1) —v. (1) =1-v,(2)

dt

v.(t)=1- e RC



RC circuit

R
A . _ _
v (f) - What If Vs(t).|s 3
Jo-L o sinusoidal signal?
__ﬂ_f__ - k_ VS (t) — Sln(ZU . lc)
dv_(t
e Vccz’t( L= 0 -v.

V(1) =7



Laplace transform

* The Laplace transform converts integral
and differential equations into algebraic
equations.

* Allow us to analyze complicated systems
with integrators and differentiators.

* The Laplace transform of a function, f(t),
Is defined as:

0

LLf (O] =F(s) =] f(t)e " dr

0



Laplace transform

* The Inverse Laplace Transform is defined

by
1 O + joo

L'[F(s)]=£(¢) “3n j F(s)e"ds

O — Jo©O



Laplace transform of basic functions

» Laplace Transform of the unit step
function.

” 1 >0 A
u(t) =+
0 <0
—St 1 —St *©
Llu(t)]= Ile dt=—-e
< 0

L[u(t)]:;



Laplace transform of basic functions

» Laplace Transform of the delta function.
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Laplace transform of delta functions

L[6 (t)]z]o5 (e dt=1

L[5(t —a)]:ofa(t—a)e—“dt:e—”



Laplace transform pairs

* As long as f(t) doesn't grow faster than an
exponential function, for each f(t) in time
domain there is a unique F(s) in Laplace
domain (frequency domain) and for each
F(s) there is a unique f(t). f(t) and F(s) are
therefore transform pairs.

J@) < F(s)

« Check Laplace transform table for most
popularly used Laplace transform pairs.



Laplace transform properties

 Time Differentiation:

df (f)

L[=—=]=sF(s)~ f(0)



Laplace transform properties

L

df(t)

dPf(t)

dt®

dt’

=5"F(s)—sf(0)— 1"(0)

=5"F(s)—s"f(0)—sf"(0)— /" (0)

general case

!

d"f @)

dt”

} = 5"F(s)—s"" f(0)—s" (0

— = S(0)



Laplace transform properties

* Time Integration:

L_j f(x)dx =T_jf(x)dx e dt

1 T f(@)edt
S 0

- LF(s)
S



Laplace transform properties

o If

f(t) < F(s)
g(t) < G(s)

 Then:

J)+g(t) < F(s)+G(s)
J()*xgt) < F(s) G(s)



Laplace transform to solve ODEs

* Find y(t)
29 +y(O) =1 =>  y@)=l-e?>
Laplace domain: 2sY(s)+ Y (s) = 1 L[1]= l!!!
S \)
Y(s)= : _1__Z
s-(2s+1) s 2s+1
v

4

y)=1-e”’
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