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Strujni izvori (Izvori konstantne struje)

Za razliku od naponskih 1zvora izvor konstantne struje u grani
kola u kojoj se nalazi daju svoju nazivnu struju bez obzira na
vrijednost otpornosti u toj grani

Smijer struje koju daje strujni i1zvor naznacen je strelicom u
njegovom simbolu na Semi 1 taj smjer struje predstavlja
1stovremeno 1 smjer struje u toj grani kola

Napon na krajevima strujnog izvora zavist od vrijednosti
otpornosti u grani koka gdje se strujni 1zvor nalazi

Idealni strujni 1zvor ima beskonacnu unutrasnju otpornost

Idealni strujni 1izvor
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Strujni izvori (Izvori konstantne struje)

Primjer:

é EXAMFPLE &—1 Refer to the circuit of Figure 8-3:

_I_
2 A C“) Vs R

FIGURE 8-3

a. Calculate the voltage V, across the current source if the resistor is 100 ().

b. Calculate the voltage if the resistor is 2 k().

Solution The current source maintains a constant current of 2 A through the
circuit. Therefore,

a. Vo=V, = (2A)100 Q) = 200 V.
b. Vo=V, = (2A)2kQ) = 4000 V.
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Strujni izvori (Izvori konstantne struje)

Primjer:

EXAMFPLE &-=2  Determine the voltages V,, V,, and V; and the current /; for
the circuit of Figure 8—4.

R, =1k

L Is
2ma(P) vs E=10V

FIGURE 8—4 Ry =2k()

N
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Strujni izvori (Izvori konstantne struje)
Primjer:

Solution Since the given circuit is a series circuit, the current everywhere in
the circuit must be the same, namely

[y =2mA
Using Ohm’s law,
Vi=02mA)(1kQ) =200V
V,= (2 mA)2 k) =400V
Applying Kirchhoft’s voltage law around the closed loop,
SV=V—V,—V,+E=0
Vo=V, +V,—E
=2V+4V —-10V=-400V

From the above result, you see that the actual polarity of Vy is opposite to that
assumed.
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Konverzija izmedu naponskih i strujnih izvora

e Realni naponski izvor ima malu unutrasnju otpornost R koja je
povezana u seriju sa idealnim naponskin izvorom

e Realni strujni izvor ima veliku unutrasSnju otpornost R, koja je
vezana paralelno sa idealnim strujnim izvorom

e Moguca je konverzija realnog naponskog u realni strujni izvor 1
obrnuto

Run
VW—0 O

+
. A
E idealno [i dealno < > Run

~
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Konverzija realnog naponskog u realni strujni izvor

e Pretpostavimo da su prikljucci realnog naponskog izvora kratko
spojeni. Tada je struja u kolu:

_ 1dealno
idealno ~ R

un

e To je struja ekvivalentnog realnog strujnog izvora

i

O
— >
+ :
a7 s Y (D
N s
o) o)

~
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Konverzija realnog strujnog u realni realni izvor

e Pretpostavimo da su prikljucci realnog strujnog izvora otvoreni. Tada
je napona na krajevima strunog izvora:

E =1 ‘R

1dealno 1dealno un

e To je napon ekvivalentnog realnog naponskog izvora

-

E idealno

A
I idealno < > un
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Konverzija izmedu naponskih i strujnih izvora

Prlmj er: éEXAMPLE &—4  Convert the voltage source of Figure 8-9(a) into a current
source and verify that the current, /;, through the load is the same for each
source.

1
AW 0 w :
10 Q)
E=48V RL§40Q
(a)
7= 22V _aza

10 Q

® R5§109 RL§4OQ
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Konverzija izmedu naponskih i strujnih izvora

Primjer:

Solution The equivalent current source will have a current magnitude given
as

48V
[=——=48A
10 )

The resulting circuit 1s shown in Figure 8-9(b).
For the circuit of Figure 8-9(a), the current through the load is found as

48V

I, = = 0.96 A
L 10Q+400Q

For the equivalent circuit of Figure 8-9(b), the current through the load 1s

[:mﬁAmom
L 10Q+400

= 0.96 A

Clearly the results are the same.
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Konverzija izmedu naponskih i strujnih izvora

Primier: EXAMFLE &-5 Convert the current source of Figure 8-10(a) into a volt-
rimjer: | . :

age source and verify that the voltage, V;, across the load is the same for each
source.

W"L

~ RS RL
1(Proma 230 1om§ /L

(a)

E = (30 mA)30 k) =900 V

1
AV w L
Rg =30 k)
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Konverzija izmedu naponskih i strujnih izvora
Primjer:
Solution The equivalent voltage source will have a magnitude given as

E = (30 mA)(30 k{2) =900V

The resulting circuit is shown in Figure 8—10(b).
For the circuit of Figure 8—10(a), the voltage across the load is deter-
mined as

; — (B30kD)30 mA)
L 30kQ + 10k0
V, = LR, = (22.5 mA)(10kQ) = 225V

= 22.5 mA

For the equivalent circuit of Figure 8—10(b), the voltage across the load is

__10kQ
10 kQ + 30 kO

Vi 900V) =225V

Once again, we see that the circuits are equivalent.




Konverzija izmedu naponskih i strujnih izvora

Primjer:

I. Convert the voltage sources of Figure 8—11 into equivalent current sources.

R R
—AMW— a ——AMAN— d
12 Q) 50 kL)
E =—36V E = 250 mV
o b o b
(a) (b)

FIGURE 8-11

N




Primjer:

~

Konverzija izmedu naponskih i strujnih izvora

2. Convert the current sources of Figure 8—12 into equivalent voltage sources.

o o d

1(‘)25A RZ300Q IG 125pA R < 50kQ

o b o b

(a) (b)

FIGURE 8-12

N
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Direktna primjena Kirhofovih zakona za analizu kola

e Osnovni zadatak u primjeni ove metode svodi se na postavljanje
dovoljnog broja jednacina na bazi I 1 I Kirhofovog zakona

e Pr1 primjen1 ove metode potrebno se pridrzavati sljedecih
pravila:

1. Oznaciti smijer struje u svakoj grani kola. Ako grana kola sadrzi
strujni izvor onda preskociti ovaj korak

2. Za usvojeni smijer struje oznaciti padove napona na svim

otpornicima u kolu

3. Primjeniti II Kirhofov zakon za svaku zatvorenu strujnu konturu.

Broj jednacina je Ng-(Ng-1). Ako se u grani nalazi samo idealni
strujni izvor, tu granu nije potrebno ukljucivati sa ostalim strujnim
konturama

4. Primjeniti I Kirhofov zakon za svaki ¢vor u kolu. Maksimalno se

moze postaviti Nx-1 jednacina

~
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Direktna primjena Kirhofovih zakona za analizu kola

Primjer:

é EXAMPLE &=&  Find the current in each branch in the circuit of Figure 8-18.

,  Ri=20 . Ry=40
— Vv 1 A
R, 20
E;==6V - Ey==2V
l I, Er=4V
L 9 9
a d f
FIGURE 8-18

~
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Direktna primjena Kirhofovih zakona za analizu kola

Primjer:
Solution
Step 1: Assign currents as shown in Figure 8—18.

Step 2: Indicate the polarities of the voltage drops on all resistors in the cir-
cuit, using the assumed current directions.

Step 3: Write the Kirchhoff voltage law equations.
Loop abcda: 6V—-—2W)L,+Q2MW)L, -4V =0V

Notice that the circuit still has one branch which has not been included in the
KVL equations, namely the branch cefd. This branch would be included if a
loop equation for cefdc or tor abcefda were written. There 1s no reason for
choosing one loop over another, since the overall result will remain
unchanged even though the intermediate steps will not give the same results.

N /
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Direktna primjena Kirhofovih zakona za analizu kola

Primjer:
Loop cefdc: 4V-20W)L -4 W)L +2V=0V

Now that all branches have been included in the loop equations, there is no

need to write any more. Although more loops exist, writing more loop equa-
tions would needlessly complicate the calculations.

Step 4: Write the Kirchhoff current law equation(s).
By applying KCL at node ¢, all branch currents in the network are included.
Node c: L=1 +1

To simplify the solution of the simultaneous linear equations we write them
as follows:

2]1 T 2[2 + 0]3 — 2
OII - 2[2 - 413 — _6
1]1 + 11!2 T 1[3 — 0

~
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Primjer:

Direktna primjena Kirhofovih zakona za analizu kola

The principles of linear algebra (Appendix B) allow us to solve for the deter-
minant of the denominator as follows:

2 =2 0
D=0 -2 —4
1 I =1
_ - -2 —4 ; —2 0 o —2 0
I I 1 -1 -2 —4
=22+4) -0+ 1(8) =20
Now, solving for the currents, we have the following:
2 =2 0
-6 —2 —4
/= 0 1 -1
D
_2—2 —4 - —2 O+O —2 0
B ] B R R -2 —4
20
224+4)+6(2)+0 24
= = = 1.200 A
20 20

~
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Primjer:

Direktna primjena Kirhofovih zakona za analizu kola

2 2 0
0 —6 —4
J72:1 0 —1
D
_2—6—4 02 0+12 0
- 0 —1 0 —1 —6 —4
20
206)+ 0+ 1(—8) 4
- =~ —0.200A
20 20
2 -2 2
0 -2 —6
I, = 1 1 0
D
—2 —6 —2 2 -2 2
=2 —0 +1
1 0 1 0 —2 —6
20
206) — 0+ 1(12 +4) 28
— = =2 = 1400 A
\ 20 20

~
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Direktna primjena Kirhofovih zakona za analizu kola

Primjer:

EXAMPLE £—9 Find the currents in each branch of the circuit shown in
Figure 8—19. Solve for the voltage V.

a R;=10Q C
NN——
T e
ng L
- R, 330
IIG,)SA R1Z20 i E,=6V
- d /
EITSV j

FIGURE 8-19

~
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Direktna primjena Kirhofovih zakona za analizu kola

Primjer:
Solution Notice that although the above circuit has four currents, there are
only three unknown currents: /,, /5, and /,. The current /, is given by the
value of the constant-current source. In order to solve this network we will
need three linear equations. As before, the equations are determined by
Kirchhoff’s voltage and current laws.

Step 1: The currents are indicated in the given circuit.
Step 2: The polarities of the voltages across all resistors are shown.
Step 3: Kirchhoff’s voltage law 1s applied at the indicated loops:

Loop badb: —2MUL)+BQ);)—8V=0V
Loop bach: —-20)L) + (1)) —6V=0V

Step 4: Kirchhoff’s current law is applied as follows:
Node a: L+L+1,=5A

~
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Primjer:

Direktna primjena Kirhofovih zakona za analizu kola

Rewriting the linear equations,
_212 + 313 + 0[4 — 8
—2L,+ 0L, + 11, =6
1L+ 1L+ 11,=35

The determinant of the denominator 1s evaluated as

-2 3 0
D=|-2 0 1|=11
1 1 1
Now solving for the currents, we have
8§ 3 0
6 0 1
5 1 1
I, = — —1.00 A
D 11
-2 8 0
-2 6 1 .
=115 1l ===-200A
’ D 11

~
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Primjer:

~

Direktna primjena Kirhofovih zakona za analizu kola

|
— NN
N O\ 00

e N 4.00 A

3
0
| -
D 11

The current [, is negative, which simply means that the actual direction of the

current 1s opposite to the chosen direction.
4 Ry=1Q

* AAAY

B -+
N +h R,S30

_I_
11<v>5A R1§29 T d Ex=r6V

® O

- I
E; 8V Iy
. i =
b
I=1.00 A
I;=2.00 A
I, =4.00 A

Using the actual direction for I,,

V,=+Q2Q)1A) = +2.00V




4 Metoda konturnih struja

e Metoda konturnih struyja poCiva na primjeni II Kirhofovog
zakona, sa manjim brojem jednacina

* Broj jednacina koje treba postaviti je Ng-(Ng-1)

e Pr1 primjent ove metode potrebno se pridrzavati sljedecih
pravila:

1. Pretvoriti sve strujne izvore u ekvivalentne naponske i1zvore

2. Za svaku nezavisnu konturu proizvoljno usvojiti smijer glavne
konturne struje

3. Zausvojene smijer glavne konturne struje oznaciti padove napona na
svakom otproniku u konturi. Za otpornike u zajedniCkim granama
oznaciti padove napona koje prave sve glavne konturne struje

4. Primjeniti II Kirhofov zakon za sve nezavisne konture

5. Struje u zajedniCkim granana odrediti kao algebarsku suma/razlika
glavnih konturnih struja




4 Metoda konturnih struja

e Metoda konturnih struja pocCiva na primjeni II Kirhofovog
zakona, sa manjim brojem jednacina

* Broj jednacina koje treba postaviti je Ni-(Ng-1)

e Pr1 primjen1 ove metode potrebno se pridrzavati sljedecih
pravila:

1. Pretvoriti sve strujne izvore u ekvivalentne naponske i1zvore

2. Za svaku nezavisnu konturu proizvoljno usvojiti smijer glavne
konturne struje

3. Zausvojene smijer glavne konturne struje oznaciti padove napona na
svakom otproniku u konturi. Za otpornike u zajedniCkim granama
oznaciti padove napona koje prave sve glavne konturne struje

4. Primjeniti II Kirhofov zakon za sve nezavisne konture

5. Struje u zajedniCkim granana odrediti kao algebarsku suma/razlika
glavnih konturnih struja
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Primjer:

8—22.

FIGURE 8-22

Solution

Metoda konturnih struja

6VT

Ry=40

+ —

R, 22 ()

+
E,==4V

é EXAMPLE &-10 Find the current in each branch for the circuit of Figure

9 tT'j
<L¢J

Step 1: Loop currents are assigned as shown in Figure 8-22. These currents
are designated 7, and /.
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Primjer:

Metoda konturnih struja

Step 2: Voltage polarities are assigned according to the loop currents. Notice
that the resistor R, has two different voltage polarities due to the different
loop currents.

Step 3: The loop equations are written by applying Kirchhoff’s voltage law in
each of the loops. The equations are as follows:

Loop 1: o6V-—QQWL, -2, +Q2MWL, -4V =0
Loop 2: 4V-—Q2WOL+2WI, — 4 W)L +2V =0

Note that the voltage across R, due to the currents /, and [, is indicated as two
separated terms, where one term represents a voltage drop in the direction of
I, and the other term represents a voltage rise in the same direction. The mag-
nitude and polarity of the voltage across R, is determined by the actual size
and directions of the loop currents. The above loop equations may be simpli-
fied as follows:

Loop 1: 4L —-—2MWL=2V
Loop 2: —-2WI, + 6L, =6V
Using determinants, the loop equations are easily solved as
2 =2
12+12 24
L=16_ 6 — =" =120A
] T =2 24—-4 20
—2 6




4 Metoda konturnih struja
Primjer:
and

B

—2 6l 24+4 28
4 —2| 24—4 20

L= — 1.40 A

=2 6

From the above results, we see that the currents through resistors R, and R;
are I, and [, respectively.

The branch current for R, is found by combining the loop currents
through this resistor:

Ip,=140A — 1.20A=0.20A (upward)

The results obtained by using mesh analysis are exactly the same as those
obtained by branch-current analysis. Whereas branch-current analysis
required three equations, this approach requires the solution of only two
simultaneous linear equations. Mesh analysis also requires that only Kirch-
hoftf’s voltage law be applied and clearly illustrates why mesh analysis is pre-
ferred to branch-current analysis.




4 Metoda konturnih struja

Primyjer: EXAMFPLE &=11 Determine the current through the 8-V battery for the cir-
cuit shown in Figure 8-23.

a R;
y AMV
1 Q)
Ry 2 30
IG, 5A ngzﬂ Eg_—-_f)v
E; 8V
& I
b

E= 10V
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Metoda konturnih struja

Primjer:

Solution Convert the current source into an equivalent voltage source. The

equivalent circuit may now be analyzed by using the loop currents shown in
Figure 8-24.

a R3= ()
AWV

_|_

|
Re— — D
20 \Rz 30 1 B
+ + T ¢
2

E I I
10 V=T / EITSV /

- 6V

b
FIGURE 8-24
Loop 1: —10V-2W, -3, +3B3M),—-8V=0
Loop 2: V- MWL+3MW, -1 W)L, —-6V=0
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Primjer:

Metoda konturnih struja

Rewriting the linear equations, you get the following:

Loop 1: SO, —3W),=—18V
Loop 2: -3 +dV)L=2V
Solving the equations using determinants, we have the following:
—18 -3
I, = ‘ A= —%: —6.00 A
3 4
5 18
=173 2= —% = —4.00 A
E

If the assumed direction of current in the 8-V battery is taken to be /,, then
I=1—-1=-400A — (—6.00A) =2.00 A

The direction of the resultant current is the same as [, (upward).




Metoda napona c¢vorova )

e Metoda napona cCvorova pociva na primjeni I Kirhofovog
zakona, sa manjim brojem jednacina

* Pogodna je za slozena kola gdje je broj grana znatno veci od
broja ¢vorova. Broj jednacina koje treba postaviti je Nx-1

e Pr1 primjent ove metode potrebno se pridrzavati sljedecih
pravila:

1. Proizvoljno izabrati referentni ¢vor. Ovaj ¢vor se obiCno oznacava
kao uzemljenje (masa)

2. Pretvoriti sve naponske izvore u ekvivalentne strujne izvore
3. Proizvoljno oznaciti napone ostalih ¢vorova u kolu (U,, U,, ..., U)

4. Proizvoljno oznaciti smijerove struja u svakoj nezavisnoj grani gdje
nema strujnog izvora. Za izabrane smjerove struja oznaciti padove
napona na otpornicima

5. Zase ¢vorove sem referentnog primjeniti I Kirhofovov zakon




4 Metoda napona c¢vorova )
Primjer:

EXAMFLE &=14 Given the circuit of Figure 8-30, use nodal analysis to
solve for the voltage V.

I, = 50 mA I, C) 200mA Ry S 300




4 Metoda napona c¢vorova
Primjer:

Solution

Step 1: Select a convenient reference node.

Step 2: Convert the voltage sources into equivalent current sources. The
equivalent circuit is shown in Figure 8-31.

I

——

K — (Reference)
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Primjer:

Metoda napona c¢vorova

Steps 3 and 4: Arbitrarily assign node voltages and branch currents. Indicate
the voltage polarities across all resistors according to the assumed current
directions.

Step 5: We now apply Kirchhoff’s current law at the nodes labelled as V|, and

Vs

Node V: 2 Leniring = 24 lieaving
200 mA + S0mA =1, + I,

Node V: 2 e = 2 e

200 mA + I, = 50 mA + I,

Step 6: The currents are rewritten in terms of the voltages across the resistors
as follows:

I, = Vi
200
VI_V2
400
VE
I
300




4 Metoda napona c¢vorova
Primjer:
The nodal equations become

Vi ViV
20 Q 40 Q

200 mA + 50 mA =

Vi—V, V,
200 mA + —1— 2 — 50 mA + —2
m 40 Q AT 300

Substituting the voltage expressions into the original nodal equations, we
have the following simultaneous linear equations:

( L, )vl—(#)vzzzsomA

2000 40Q 40 Q)

1 1 I
_[— v + + V. = 150 mA
(409) ! (300 400) s H

These may be further simplified as

(0.075 S)V, — (0.025 S)V, = 250 mA
—(0.025 S)V, + (0.0583)V, = 150 mA




4 Metoda napona c¢vorova

Primjer:

Step 7: Use determinants to solve for the nodal voltages as

0.250 —0.025
Vv, = 0.150  0.0583
0.075 —0.025
0.025 0.0583‘

(0.250)(0.0583) — (0.150)(— 0.025)
(0.075)(0.0583) — (—0.025)(—0.025)

_ 00183 _ ooy

~0.00375




4 Metoda napona c¢vorova

Primjer:
and
0.075 0.250
B ‘0.025 0.150‘
] 0075 0.025
‘0.025 0.0583‘
_ (0.075)(0.150) — (—0.025)(0.250)
0.00375
0175 |
B 0?0%13775 ey

If we go back to the original circuit of Figure 8-30, we see that the voltage V,
is the same as the voltage V,, namely

V,=4.67V =60V +YV,
Therefore, the voltage V,, 1s simply found as

Vi =467V —-60V =—-133V

N :
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Metoda napona c¢vorova )

Primjer:

EXAMFLE &—-15 Determine the nodal voltages for the circuit shown in
Figure 8-32.




4 Metoda napona c¢vorova

Primjer:

shown in Figure 8-33.

Solution By following the steps outlined, the circuit may be redrawn as

Vi Ry=30 V)
—V\VW\N—e *
lll lh lh

15
R1§5Q CDQA R3§4ﬂ 6ﬂ§ 3A

® J_ ®
ol —
(reference)

FIGURE 8-33

N

®

~




4 Metoda napona c¢vorova
Primjer:

Applying Kirchhoff’s current law to the nodes corresponding to V, and V,,
the following nodal equations are obtained:

Elleaving — E‘Ientﬂring

Node V: L+1L,=2A
Node V,: L+1L,=1L+3A
The currents may once again be written in terms of the voltages across the
resistors:
Vi
[ =
50
Vi—V;
I —
30
Vs
L =
140
V)
I, =—
X!
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Primjer:

Metoda napona c¢vorova

The nodal equations become

Vi ViV

50 30
V, V(i V)

Node V: 4Q+6Q: 30 + 3A

Node V;: =2A

These equations may now be simplified as

l l |
Node V: + Vi— [— |V, =2A
R (50 30)‘ (30)2
Node V; (N (VA (0 L\, =34
g 30" (70 Tea T30/
The solutions for V| and V, are found using determinants:
F —0.333
. 2.500
_ 30750 ==
M sss——03331 0289 o0V
‘—0.333 0.750
0.533 2
_  |—0.333 3] _ 2267 _
V2= s =333 " 0280 Y
—0.333  0.750




