Fundamental Properties and Theorems of Operator
Calculus Based on the Laplace Transform

. Linearity Theorem

Llegf; (£) + o5, (8) = e LI (8) ]+ oL, (1) ]

. Transformation of Function Derivatives

LIFM ()] =s" -F(s)—s""-f(0*)-s"2 - f(0*)-..—s-f"2(0*) - f"V(0")
LI (t)]=s?-F(s)-s-f(0")-f(0")
LIf(t)]=s-F(s)-f(0")

. Transformation of Function Integral
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L j f(t)dt |=—-F(s)
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. Shift in the Real Domain (Time-Shift)

LIf(t—1)]=e"" -F(s)
. Shift in the Complex Domain (Frequency-Shift)

Lle™ -f(t)]=F(s+a)

. Scaling Theorem
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. Complex Domain Differentiation

£t 101 = ()
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LIt - f(t] = () L)
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. Final Value Theorem

If exists: t|im f(t) and L[f(t)] =F(s) then:

[i_ll]f(t) = |ino']s-F(s)



9. Convolution Theorem

LIA(E) = £,(6)] = LIAE)]-LIK ()] = F(S)- F(s)
where the convolution of functions f,(t), f,(t).

is defined by the relation:

FO)* (0 = [£(0)- £t - D)z

Definitions

Let f(t) be a function of real t (i.e. time) that satisfies the following conditions:
1) f(t)=0 fort<O,

2) f(t) satisfies Dirichlet conditions:

* The interval in which the function is defined can be divided into open subintervals where
f(t) is monotonic.
* At each point, the following holds: f(t) = [ f(t™) + f(t*)] / 2.
3) f(t) is integrable over every finite interval, and the following inequality holds:
| f(t) | <Me3 (M>0, a>0, for t>ty).

Laplace Transform (for complex s, Re(s)20):

F(s) = LIFO = [ e 0t
0
Inverse Laplace Transform:
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Laplace Transforms of Frequently Used Functions
Original f(t) Transform F(s)
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