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Repetition

e Laplace Transform is a useful analytical tool for convegtin
time-domain(t) signal descriptions into unctions of a complex
variable(s). This complex domain description of a signal provides
new insight into the analysis of signals and systems.

The Laplace transform often simplifies the calculationsifi¢éential
and integral equation (integral "becomes" multiplying?]sbynd
differential bys

In addition, the Laplace transform method often simplifiess t
calculations involved in obtaining system response sgnal
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Differentiation Theorems

If we replacef(t) in the one-sided transform by its derivatiy&t¢) and
Integrate by parts, we have the transform of the derivative

L[f'(t)] = s-F(s) — f(0)

We may formally replacg by f’ to obtain

L)) =s- £[f' )] = f(0)

or by £f"(t)] = s* - F(s) — s - f(0) — f'(0)
Generally:

L") = s" - F(s)
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The signale(t) and its associated Laplace transfakiis) are said to
form a Laplacdransform pair. This reflects a form of equivalency

between the two apparently different entitigs) and X (s). We may
symbolize this interrelationship in the following suggestmanner:

(1)




ELK - Basics of electronics - Lecture 3 2®=

Transfer function, transmittance

¥t .j_:h(t)xu ~ 1) du

Linear convolution
h(t) = x{i)

>

(@)

Multiplication Y(s) = H(s)X(5)
H(s)

(b)

FunctionH (s) is also calledransfer function or transmittance and can
be expressed as
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Ohm’slaw

The resistance of a resistor can be defined in terms of thagetrop
across the resistor and current through the resistor cefigt®©hm’s law

R=> 3)

whereR is the resistancg], V' is the voltage across the resistbi], and
I is the current through the resistot]. Whenever a current is passed
through a resistor, a voltage is dropped across the ends oééstor.
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| mpedance = Resistance + j* Reactance

e For alternating signals electrical resistance can be idesby
complex number and denoted as impedafice

Z=R+j X (4)

where real part of is an resistanc& and imaginary partoff j - X
IS called reactance. Reactance represents "resistaneal of r

capacitor” or "resistance of real inductor" and dependsanfuency.

e Impedance can be expressed in the notion of Ohm’s law :

7 —

v
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|deal Capacitor Reactance

In the case of a capacitance C we havét) = & [ ic(t)dt which

transforms to

1 1

Vels) = & - <lo(s) (6)

For capacitor impedance (for ideal capacitor reactancpedance) is
equal

In frequency domain
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|deal Inductor Reactance

For an inductancé, the voltage is;, (t) = L - ‘“gt(t). Transforming, we

have

Vi(s)=L-s-1Ir(s) (9)

For inductor impedance (for ideal inductor reactance=mapee) is equal

_
==

In frequency domain
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Properties of capacitor and inductor reactance

e observe, that for capacitor:
Xo =5 =—J L~ henceX¢ < 0

e similar for inductor:
X, = jw-LhenceX, >0

e If reactanceis negative circuit has arapacitive character

e If reactanceis positive circuit has amductive character

10
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How capacitor and inductor reactance depends on
frequency ?

XL:jw-L:O

X1

X1l

11
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| mpedance Networks - impedances connected in series

Z2

+7 - 1

4.;7

Z:Zl+Z2+...Zn_1+Zn:ZZZ-
1=1

Special cases

e resistanceR=R; + Ry +...R,,_1 + R,

e capacity:s = 5+ & +.--+ & — + &5

e inductancel. =L+ Lo+ ...L,,_1+ L,
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| mpedance Networks - impedances connected in parallel.
Z1

Z2

n

1 1 1 1 1
E—Z—1+Z—2-|—...—|—Z—n—izzlz

Special cases

- 1_ 1 , 1
° reS|stance§ = & -+ o 4+ ...

Rn

e capacityC =C,+Cy+...C,_1 +C,

i 1 1 1 1
o |nductance.f_L—1+L—2+,,,+L_n
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| mpedance Networks - other example

R L

T T

Equivalent circuit for a resistor.

1 1 N 1
Z sC R+ sL

%-(R—i—sl})_ R+ sL
L +R+sL 14 sRC+s2LC
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Voltage and current sources

o o ©
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Propertiesideal sources

Current source:

\oltage source:

16
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Voltage divider

i R,

2 T

Luut = ) I’in
Ry + R,
\oltage divider is a simple device designed to create a voltddg ;)

which is proportional to another voltag¥;,,). It is commonly used to
create a reference voltage, and may also be used as a sigmaledor at

low frequencies. Voltage dividers are also known by the sxes stor
divider.
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| mpedance divider

e

out — Zj_ | Zg

A voltage divider is usually thought of as two resistors, foutelectronics signals

at a given frequency capacitors, inductors, or any comhbim@eédance can be
used.

The ratio contains an imaginary number, and actually coathoth the amplitude
and phase shift information of the filter. To extract just dmeplitude ratio,

calculate the magnitude of the ratio, or just use the reaetahthe capacitor
iInstead of the impedance.
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Current divider

I todd

> Teoad X

I iodd

If two or more impedances are in parallel to each other, theeatithat enters

them will be split between them in inverse proportion to thesistance (from
Ohm'’s law). It also follows that if the impedances have thesaalue the current

IS split equally.

This is a general form of the current divider.
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Thevenin’s and Norton’s Theorems
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Thevenin’s and Norton’s Theorems
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