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Kirchhoff’s Current Law KCL (Kirchhoff’s first law)

At any point in an electrical circuit the sum of currents flagytowards
that point is equal to the sum of currents flowing away front gwant.

Figure 1: The current entering any junction is equal to the currentitepthat
junction. i1 (t) + i4(t) = i2(t) + 3(t)
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Kirchhoff’s Current Lawcan be stated alternatively as:

“the algebraic sum of the branch currents entering (or tegvany node
of a circuit at any instant of time must be zero.”

In this form, the label of any current whose orientation igvirom the
node is preceded by a minus sign. The currents entering nadegatisfy

i2(t) +i3(t) —i1(¢) —1a(t) =0

In general, the currents entering or leaving each node ataitmust
satisfy. Sign “+” says that current flows into the node andfteivs out.

Z ix(t) =0 (1)
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Kirchhoff’s Voltage Law KVL (Kirchhoff’s second law)

The directed sum of the electrical potential differencesiad a closed
circuit must be zero.

Figure 2:The sum of all the voltages around the loop is equal to zero.
el (t) — U1 (t) — ez(t) + ’U2(t> — 63(t) -+ Ug(t) — ‘04(75) =0
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Kirchhoff’s Voltage L aw

KVL can be expressed mathematically as “the algebraic suttmeof
voltages drops around any closed path of a circuit at angmsif time is

zero.” This statement can also be cast as an equation:

D Vilt)=0
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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?], U 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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A circuit has a topological (or graph) view (consisting obaé¢led set of
nodes and a labeled set of edges.)

Each edge is associated with a pair of nodes (a node is drasvd@tsand
represents a connection between two or more physical coampen

An edge is drawn as a line and represents a path, or branatyrient flow
through a component

Each current has a designated direction, usually denotaah layrow symbol.
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Given a branch, the pair of nodes to which the branch is athdefines
the convention for measuring voltages in the circuit. Gitrenordered
pair of nodega, b), a voltage measurement is formed as follows:

Vab = Vg~V (4)

wherev, andv, are the absolute electrical potentials (voltages) at the
respective nodes, taken relative to some reference nodemeéasured
guantity,v,;, , is called thevoltage dropfrom nodea to nodeb. We note
that

Vabh = —Upge @aNd thaty, = vp—v,

Is called the voltage rise fromto b. Each node voltage implicitly defines
the voltage drop between the respective node and the graaded n
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Node Analysis

In a node analysis, the node voltages are the variables necwtciand

KCL is the vehicle used to determine them. One node in theorg&tis
selected as eeference nodeand then all other node voltages are definec
with respect to that particular node. This reference notgisally
referred to as ground using the symbal)( indicating that it is at
ground-zero potential.

Therefore, as a general rule:

|f the node voltages (potentials) are known, all branch currentsin the
network can be immediately deter mined.

In order to determine the node voltages in a network, we aliglly to
every node in the network except the reference node. Thexaftven an
N-node circuit, we emplow—1 linearly independent equations.
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Node Analysis- Example

For 4 nodes we write 4 -1 equations:

([ +4+41,=0
A4 +1, =0
1,2 =0

\

Using Ohm’s law these equations can be expressed as

( —
Mgt 4 gt Y

4+ 2+ 278 =0

_Vi=V3 Vo—-V3 o __
\ 2 1 2=0

and solved as follow:
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Node potentials:

and currents:

If current is negativel; and/s) the direction of current flow must be changed.
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Mesh Analysis- algorithm

. mark with vectors all currents and voltages
. For each mesh write KVVL
. forn — 1 nodes write KCL

. Solve equations

12
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Mesh Analysis - an example

For 3 nodes we can write equations:

L = 1>+ I3
Io = 14+ I5
I = I3+ 14

For each mesh (3 meshes) we write equation:
12—1-Io—2-Is =0

2:Is+6—-2-16=0
1-Ia—1-I3—-6=0

13
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Finally we have 6 equations with 6 variable:

with solution

/

I = 1>+ I3

Io = 14+ I5

Ie = I3+ 14
12—-1-Io—2-1I5 =0
2-Is+6—-2-1Ig=0
1-Io—1-I3—6=0
(I, =38
I, =7
Is =1
Iy = 4.5
Is = 2.5
Ig = 5.5

\
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One-Port

Network

Many times we want to model the behavior of an electric netvabibdnly
two terminals as shown in Figure. Here, oMyandI;, not voltages and
currents internal to the circuit, need to be described. Viimel¢he pair of
terminals shown as a port, where the curréntentering one terminal
equals the current leaving the other terminal.

We can mathematically model the network at the port as

Vi=2-1

15
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Two-Port Networks

We can model such circuits as two-port networks as showngarEi

Here we see the input port, represented/hyand/;, and the output port,

represented by; and/l,. Currents are assumed positive If they flow as
shown in Figure.

16
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Mathematical M odeling of Two-Port Networks
via z Parameters (Impedance Parameters)

Vi = z1111 + 21215
Vo = 29111 + 29215

or as matrix equation

17
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Other two-port descriptions

e Admittance Parameters

I = y11Vi +y12Va
Io = yo1 V1 + y22 V2

e Hybrid Parameters

Vi = hi Ly 4+ hi2Vs
Is = ho1I1 + hooVs

e others...

18
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Thevenin’sand Norton’s equivalents

Figure 3:

(a) Two one-port networks

(b) the Trevenin equivalent for network a
(c) the Norton equivalent for network a.

19
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Thevenin’s Theorems

The statement of the Thevenin theorem is based on Fig. 3(b)

Insofar as a load which has no magnetic or controlled sowapling to a
one-port is concerned, a network containing linear elemantl both

independent and controlled sources may be replaced by alhvoléage
source of strengtﬁ/,/; and an equivalent impedangg- , in series with

the source. The value dv/F} IS the open-circuit voltagéfo\c, appearing
across the terminals of the network afig is the driving point impedance
at the terminals of the network, obtained with all independ®urces set
equal to zero.

20
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Norton’s Theorems

The statement of the Norton theorem is based on Fig. 3(c)

Insofar as a load which has no magnetic or controlled sowaplmg to a
one-port is concerned, the network containing linear etémand both

iIndependent and controlled sources may be replaced by ahadeent
source of strengtrf,]\v, and an equivalent impedancey, in parallel with
the source. The value (ﬁ\v IS the short-circuit currenlfgzw, which results
when the terminals of the network are shorted anidis the driving point
Impedance at the terminals when all independent sourcesaesual to

Zero.
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The Equivalent Impedance, Zr = Zy

The first method involves the direct calculationf = Z by looking
into the terminals of the network after all independent sesihave been
nulled. Independent sources are nulled in a network by

replacing all independent voltage sources with a shorttirc

and all independent current sources with an open circuit.
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Linearity and superposition

If cause and effect are linearly related, the total effee ttuseveral
causes acting simultaneously is equal to the sum of theithdhv effects
due to each of the causes acting one at a time.
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Linearity and superposition

I
-j6A G) %ADQ

Figure 4.
(a) A network to be solved by using superposition

(b) the network with the current
(current source is replaced with open cirguit

(c) the network with the voltage
(voltage source is replaced with short cirguit

L-— 2z,

source

source
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Tellegen’s Theorem

In an arbitrarily lumped network subject to KVL and KCL corashts,
with reference directions of the branch currents and brantthges
associated with the KVL and KCL constraints, the productlidbi@anch
currents and branch voltages must equal zero.

Tellegen’s theorem may be summarized by the equation

b

> vk k=0 (17)

k=1

where the lower case lettersandj represent instantaneous values of th¢

branch voltages and branch currents, respectively, andawhe the total
number of branches.

25



ELK - Basics of electronics - Lecture 5 2®=

Maximum Power Transfer
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