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Sources, recall

e Sources are the circuit elements that provides

the energy to the charges.

— Voltage sources: They provide a given voltage, g4(t), to the
positive charges (g+) that passes trough it in a direction at the
instant t=0 (indicated with “+”

+ ..
e4(t) C’\é circuitf "V For AC circuits

— Current sources: They produce a given current, i4(t), in a given
direction (indicated with “—7) by providing the necessary voltage

to the g+
i4()( i ) circuit
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Dependent Sources

* Dependet sources are current or voltage sources whose
value Is the voltage or current somewhere else in the
circuit multiplied by a constant factor.

* They are used for example for modeling the behavior of
amplifiers. kv(t)+<5 jv(t)
* They can be —e
— Voltage-controlled voltage source: pv(t)qB: j v
lio

circuit

p—)

— Current-controlled voltage source:
— Voltage-controlled current source:  pjp*,
— Current-controlled current source:

circuit || circuit

é
circuit

Units of p [=] @1, units of h [Z] Q \l'i(t)4
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Real sources

 The real sources have internal resistances, Rg,
that accounts for their real behavior.

« Real voltage source
eg(t)+ \

R, o

- Real current source >< _
ig(t)%D %Rg

circuit
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Equivalence between real

1\]]

SOources

* The real current and voltage sources can
be replaced one for the other if they are

equivalent.
effect on the circuit.

 They are equivalent when _

e, (1)

Regq

hey will produce the same

eg(D=Rgly(t)
Reg=Riq

—g

2 ig<t)C5 %R.g

—g
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Associlation of iIdeal sources

 ldeal voltage sources can be associated only if they are
connected in serial

+ + + + A +
""" -’\N\/—@)—‘ 2 e AMN—)—e
e (t) ex(t) e5(t) R en(t) R ?t;zt)zel(t)'ez(t)+es(t)+---+ en(t)

 ldeal current sources can only be associated in serial if
they are associated in parallel

------ . /\ itot(t) R
i, (t) D L)) i5(t) I(t) R1 = |

_____ liot(t) = -1 (D) +i(O)+H5(O+. .- T(1)
« Both real sources can be associated and simplified with
one equivalent real source... 7

circuit
circuit
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Assoclation of real sources

Circuit Theory / Sources / Association of real sources

« As example the following circuit is simplified

+ | : il
Ei(~ Ez@
M N3

A~
WY

&
\M f ]

E =8V.;E, =16V.;I =10mA.; R, =4k ; R, = 4kQ; R, = 4kQ ; R, = 2kQ ; R, = 2k


http://www.google.es/url?q=http://www.uarm.edu.pe/rree_convenios&sa=U&ei=Stk6U6ijD-6Y0AXS0oCwCA&ved=0CC4Q9QEwAA&usg=AFQjCNFM3rqv0benLHnTuxI3c9bp6XoefQ

Circuit Theory / Sources / Association of real sources ’é“’ gnj{iersi,dad
s de Alcala

Assoclation of real sources

VAN

n=> h@R% (D) R% v (D1 =R §R4+Rs

I.=1+I,+I1=16mA
t R, =R/IR,/IR,//(R,+R;)=1kQ

I'CD IZ(D[ D \% Ri = R2 ==Rs3 Ra+Rs5 ||» ITC[ V %RT

V=I-R =16-10"-10’ =16V.
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Systematic circuit analysis
method

* To solve a circuit means to determine the values of the
currents or voltages from which all the rest of the
currents and voltages in the circuit can be obtained.

« Mesh analysis method uses the 2nd Kirchhoff law for
determining the mesh currents.

« Nodal analysis method uses the 1st Kirchhoff law for
determining the voltages at several nodes with respect to
a reference node (i.e. GND)

10
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Mesh analysis method

It uses the 2nd Kirchhoff law (energy conservation)
« The circuit is solved when all the variables called mesh
currents (I, I,, ...) are known.

 There is a mesh current for each smallest closed loop
(l.e. elemental mesh) within the circuit:

Ex.1) /;D Ex.2) /a

Variables are: I, I, L and I, Variables are: I,, I, I, I,, and I,
= 4 linear independent equations = 5 linear independent equations

11
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Mesh analysis method

 For convenience, each mesh current should have the
same clockwise or anti-clockwise direction.

* The mesh currents are then:

— Those that flows along the external wire of the elemental mesh (i.e. not
sheared with another mesh)

— If the mesh current is from a mesh that has no “external wire” (like I; in
Ex. 2) then it does not really flow trough any wire

I,

Ex.1)

12
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Mesh analysis method

 From the mesh currents it is easy to get all the currents
that flow along each wire of the circuit by just subtracting
(or adding) the mesh currents belonging to the meshes

on each side of the wire:

EX.2)

13
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« Example 1 1. Identify the elemental meshes

and assign the corresponding
mesh currents (e.g. {l;, I,, I3 }).
This will give you the number of
unknown and the number of
necessary independent
equations to solve the circuit

2. If possible use 2nd Kirchhoff law
for each mesh.

-

Ey=Z1h + 21y = I3) + Ze( I, - I5) E, Zi+ 24+ Zg —Z —Zy I

—By=ZL+ (L -1)+Z5(L-T5) - —[1;32 = —?s ZQ+Z§+25 , —ZZ.a , j:z

— 2 — 4 L3+ Ly~ 4 :

U: Z{glr;a;‘|‘Za{1r3_IEJ‘|‘Z4H3_Il) : ’ J! 4 ’ %
y,

14
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« Example 2 1. Identify the elemental meshes and
assign the corresponding mesh
currents {I, I,, 15 }.

2. If possible use 2nd Kirchhoff law
for each mesh.

3. Ifthere exist a current source (1)

— Your mesh equation should
not go through the current
source (*).

— Instead of the missing mesh
equation you can use the

( _ equation:
E\-Ey=711 + Zy(l, — I3) + Zs(Iy — I3) + Zo1y

0=2Z3l3+ Z5(I3 — I3) + Zy(Is — )
L [ = fg - JFL

e

(*) you will lose a mesh equation 15
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Mesh analysis method

« Example 3

By =200+ Za(Ih — Iy) + Zg(I, — )
_E2 = ngg + Z{j(fg — Jrl) + ZE.(IE - Ifr)

aVze = —13
| Vze = Zs(I1 — I2)

Identify the elemental meshes
and assign the corresponding
mesh currents

If possible use 2"d Kirchhoff law
for each mesh
If there exist a current source
(e.g. aV,) instead of a mesh
equation use:

aVye=— 1,
If there exist a dependent
source then a new variable

appears that has to be solved as
a function of the mesh currents;

Vze=2Zg (11— 1,)

16
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Nodal analysis method

* |t uses 1st Kirchhoff’'s law to obtain the equations (charge conservation)

« Variables are the nodal voltages (V,, Vg, ...)
« The circuit is solved when the nodal voltages at all the nodes but one
(i.e. the reference node) are known.

Example:

Variables are: V,, V; and V.
The reference node is V=0 (the ground connection)

= 3 linear independent equations 17
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Nodal analysis method

Example 1:

Variables are: V,, V, and V.

= 3 linear independent
equations

#92 de Alcals

1. ldentify all the nodes (A,B,C,...)
for which the nodal voltages will
be calculated. This will give you
the “N” number of unknown. If
there is no ground connection,
choose any node as your
reference node.

2. Apply the 1st Kirchhoff law to all
the “N” different nodes you can.

3. If there exist a voltage source
(e.qg. E,) without any other
element on the same wire
between two nodes then use the
relation:

V{:' VﬂzEz

This accounts
for one node

18
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« Examples for how to calculate the currents that flows
trough a impedance as a function of the nodal voltages

19
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Schematic of simplified circuits

Active part of the circuit: Equivalent Thevenin, (E+, Z1,), or Norton

4 N Load impedance

(receiver)

* >
(@)

Eg+ Two-port /

: passive ]z,
gLl circuit

/ .................... i B E)

Energy supply - ~ /
(real voltage or : —— _ _
current source) Passive part of the circuit: Equivalent impedance, Z,,

R ETh+

Equivalent circuits: © = T i []z, & [z,
Ll ‘” Zrn

20
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Equivalent impedance

* Any passive circuit (I.e. without independent sources)
between two terminals (A,B) can be simplified with an
equivalent impedance, Z:

Passive
circuit &= [] Ly
I
B —
7 B

eq
The equivalent impedance can be obtained by:

« Parallel and/or serial association of the impedances within the passive
circuit. I

| _ g A
« Applying a test generator EE_,. ol >--— Passive Ec.
Eg i N circuit 4 e 7
[ 3

B

Z., 21
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Equivalent active circuit

* Any linear circuit with independent sources (i.e. active
circuit) between two terminals (A,B) can be simplified by

a real voltage source (Equiv.Thevenin) or real current
source (Equiv. Norton):

| A 3
i A . n
cuve Th T 7..
circuit & - & N CD h[]
9 " ]
B B B

Equivalent Thevenin Equivalent Norton

22
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« E4,! IS the voltage between A and B in open circuit:

A
| A +
Active . Emy
circuit Vieg=V,-Vy=E_,1mo.c. z.,
—e
B B

A L
_..._+g_i o . {-c}
Deactivated i+ |Zp =—.,byannulling ’ the
(i.e. passive) vt By g
circuit i . . . .
—= independend sourcesin the circuit
Zi"h

(*): Voltage source replaced by sort circuit
Current source replaced by open circuit 23
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Equivalent Norton
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Iy Is the current between A and B in short circuit:

Active
circuit

A

j{m =], 1ms.c. (D) &

B

A
-

.
B

« Z\(as Z;) Is the equivalent impedance seen trough A-B
« Equivalences between Thevenin and Norton:

|

Ep=Zyly
ZI.:. — fo

Enl

A

A

& KM o

A
.

wok

24
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