11.1

Linearity and Time Invariance:

If a first-order linear system has no initial stored energy (i.e. initial conditions are all
zero ir(0+)=v.(0+)=0) and several sources are applied, the resultant differential

equation will be of the form:

dx 1 _coa. = Pl
e Zx =0+ £+ fL)+ 0

The solution is then the sum of the responses to each individual source:
x(t) == (t) + x (t)+--+x (1)

If a time invariant system has no initial stored energy and the application of a source
signal is delayed by f; seconds, then the response will be identical to the non-delayed

response except for a delay of ; seconds.

Time invariance implies that:

If Z’: + ;x =f (r) results in solution *(t)

then %%x =f(t- t) results in solution *(t- t),



11.2

More implications of linearity:

In general for any linear system, if a linear operation is performed on the source (or
sources) to create a new source, then the new response is the response of the original
source (or sources) with the same linear operation applied. Since differentiation and
integration are linear operations, then the derivative of the unit ramp response will
be the unit step response, and the derivative to the unit step response will be the unit
impulse response.

Examples: For a given linear and time-invariant system with no initial store energy,
the unit ramp response is given by:

v_. () =16~ 2t~ 6expl~ ¥ Ju(t)

Find the response if source is a) a unit step, b) a unit impulse, c) function below:

vi(t) Show a) v_(t) :':_ - 2+ Jexp|” ;’5“ u(t)
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11.3

c) v.(0) ={6- 2t- 6espl” 14 Ju(ty-

- FE— 2t - 5)- Gexpl” (E E::_I,g}'Fu[z- 5)- 5F 2 +3exg|” ”}{]?u{r- 12)

Example: Find v; for the circuit below:
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a) when v.(r) =r(t) - 2r(t- 1) +r(z- 2)
b) when v (t) =2u(r) - 2u(z- 1)
C) when v.(t) =34(z- 2)
Show
a)

v,(6) =201~ expl” ¥ u()- 41+ exg” € 1]4|”u{f 1)+241- exp,” (£ E]4|”u[f )
]]) v.(f) :E'_Ep[' }fi]u(t]— E}Ili[_ (t- 1I] {;]u[t - 1)



