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1. SYSTEMS OF UNITS

In the past, the systems of units most commonly used were the
English and metric, as outlined in Table 1.1. Note that while the
English system is based on a single standard, the metric is
subdivided Into two Interrelated standards: the MKS and the CGS.
Fundamental quantities of these systems are compared in Table 1.1
along with their abbreviations. The MKS and CGS systems draw
their names from the units of measurement used with each system;
the MKS system uses Meters, Kilograms,




» and Seconds. Understandably, the use of more than one system
of units in a world that finds itself continually shrinking in
size, due to advanced technical developments In
communications and transportation, would introduce
unnecessary complications to the basic understanding of any
technical data




TABLE 1.1

Comparison af the English and metric systems of units.

English Metric
MKS CGSs o] |
Length: Meter (m) Centimeter (cm) Meter (m)
Yard (vd) (39.37 1) (254 cm = 11mn)
(0.914 m) (100 cm)
Mass:
Shug Kilogram (kg) Gram (g) Kilogram (kg)
(14.6 kg) (1000 g)
Force:
Pound (1b) Newton (N) Dyne Newton (N)
(445 N) (100,000 dynes)
Temperature:
Fahrenheit (°F) Celstus or Centigrade (°C) Kelvin (K)
(: %GC + 32) Centigrade (°C) K =273.15 + °C
5 om
( >CF 32))
Energy:
Foot-pound (ft-1b) Newton-meter (N-m) Dyne-centimeter or erg Joule (J)
(1.356 joules) or joule (I) (1 joule = 107 ergs)
(0.7376 fi-1b)
Time:
Second (s) Second (s) Second (s) Second (s)




Unit Sybmol

Quantity Sybmol  Baisc Quantity

cd

meter
Kilogram
Second
Amper
Kelvin

Candel

L Length

M Mass

T Time

I Current

T Temperature

Lun lutensity




2.

Electric current and Ohms Law

4
>

(Resistance)

The flow of charge through any material encounters an opposing force similar in
many respects to mechanical friction. This opposition, due to the collisions between
electrons and between electrons and other atoms in the material, which converts
electrical energy into another form of energy such as heat, is called the resistance of
the material. The unit of measurement of resistance is the ohm, for which the
symbol is 'Q, the capital Greek letter omega. The circuit symbol for resistance
appears is shown in figure with the graphic abbreviation for resistance (R).

R
0 AN 0

The resistance of any material with a uniform cross-sectional area is determined by
the following four factors:

1.
2.
3.

4,

Material , it depends on the nature of the material .
Length , it varies directly as its length (L) .

Cross-sectional area , It varies inversely as the cross sectional area (A) of the
conductor
Temperature, It also depends on the temperature of conductor .




> Neglecting the last factor for the time being , we can say that:

Where :

R is the resistance of the conductor ( Q).

L is the length of the conductor (m) .

A s the cross sectional area of the conductor (m2) .

p Isaconstant depending on the nature of the material of the conductor and
known as its specific resistance (Q .m) .




» Example : Calculate the resistance of 1km cable composed of 19 strands
of similar alloy conductors, each strand being 1.32 mm in diameter .
Resistivity of alloy may be taken as 1.72x 10-8 Q. m.

SOL.

A= nd? /4

A=314x(1.32x10-3)2/4

Total cross sectional area of the cable = 19 x 13.67 x 107 m?

I.

R —p ——
A

1.72 x 10% x 1000
—— R R = U‘GE ﬂ
19 x 13.67 x 107




» Effect of temperature on the resistanc

The resistance of a conductor depends on the temperature as follows:
Raoa T
Where
R Is the value of resistance .
T  1s the temperature of the conductor .
Rt=Ro(l+ao0t)
R2=R1[1+a(t2 -t1)]
Where
Rt 1is the resistance of the conductor at t° C .
R o is the resistance of the conductor at 0° C .
a 0 Is the temperature coefficient of the conductor at 0° C
R 1 is the resistance of the conductor at t1° C .
R 2 is the resistance of the conductor at t2° C .




» Example : A lamp of 100 watt power , 240 volt reaches 2000° C . If the
temperature coefficient of the lamp at 15°C is 5 x 10-3 . Calculate the
resistance of the lamp at 15° C ?

Sol.

R=R){l+ta(tz2-t;);

576 =R; {1+5 x10° (2000 —-15)}

R, =52.7Q
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1. Ohm’s Law, Power, and Energy

 potential difference
N resistance
Il
o= ( A) - +
= amperes, poa Rgp
E =1IR (volts, V) “V
=
R = —}E— (ohms_ {))

EXAMPLE Determine the current resulting from the application
of a 9-V battery across a network with a resistance of 2.2 (1

Solution:

oW
= = 409 A
2.2 £}




EXAMPLE Calculate the resistance of a 60-W bulb if a current of
500 mA results from an applied voltage of 120 V.

Solutiorn:

r_E _ 120V 5400
I 500 > 10 ~ A

For an i1solated resistive element, the polarity of the voltage drop 1s

as shown in Fig. . (a) for the indicated current direction. A reversal in

current will reverse the polanty, as shown in Fig. - (b). In general, the

flow of charge 1s from a high (+) to a low {—) potenfial Polanties as

established by current direction will become mcreasmgljr important in

the analysis to follow T - _ +
) )
EXAMPLE Calculate the current through the 2-k{} resistor of Fig.

1f the voltage drop across i1t 15 16 W

16V
- ) . ~
Sofutior. M

7 I 210)
IZEZ 16 V 8 mA J

2 = 10° 2




EXAMPLE Calculate the voltage that must be applied across the
soldering won of Fig.  to establish a current of 1.5 A through the iron
if 1ts internal resistance 15 80 ().

Solution:
E=IR=(15A)8010) =120V




2.power

Power is an indication of how much work (the conversion of energy from one form to
another) can be done in a specified amount of time, that is, a rate of doing work. For instance,
a large motor has more power than a small motor because it can convert more electrical
energy into mechanical energy in the same period of time. Since converted energy is
measured in joules (J) and time in seconds (s), power is measured in joules/second (J/s). The
electrical unit of measurement for power is the watt (W), defined by

1 watt (W) = 1 joule/second (J/s)

In equation form, power is determined by

P = i’:’_ (watts, W, or joules/second, J/s)

1 horsepower = 746 watts




and

or

and

P =

» The magnitude of the power delivered or absorbed by a battery is given by:

with E the battery terminal voltage and | the current through the source.

(Cwratts)

P = T = (IR

P=TIR
oy
r r

P =EI

(watts)

(watts)
¢/

L

(watts)



EXAMPLE Find the power delrvered to the dc motor of Fig.

Sofutior

P = FI = (120 V)(5 A) — 600 W = 0.6 KW

Mechanical

horsepower
developed

power
applied

EXAMPLE What 15 the power dissipated by a 5-{) resistor if the
current 1s 4 A7

Electrical { +

Sofutfior::

P =T'R = (4A)Y(5 ) = 80 W

EXAMPLE: Determine the current through a 5-k'Q resistor when the power dissipated
by the element is 20 mW.?

Sofrfiorr s

= 20 = 10 W = 3
F= = . — %4 10 T =2 % 10 A
\/let}":[l




3. Series Circulits

A circuit consists of any number of elements joined at terminal points, providing
at least one closed path through which charge can flow. The circuit of Fig. 1 has

three elements joined at three terminal points (a, b, and c) to provide a closed path
for the current 1.

Two elements are in series if
1. They have only one terminal in common (i.e., one lead of one is connected to
only one lead of the other).

2. The common point between the two elements is not connected to another
current-carrying element.

¢ The current is the same through series elements.
. e

(7 T Ny

1_" I |
-

. - (k) &, and B, are oot 1n series

(a) Series circuit; (b) situation in which R1 and R2 are not in series.



The total resistance of a series circuit is the sum of the resistance levels

.RT=Rl+.R1+.R5+”‘+RN

I =— (amperes, A)

(chms, {})

The voltage across each resistor using Ohms law; that is :

Fl = ﬂEl, F} - .;FR_:I_., F] = IR},, S E":"nr' - IR};‘ {l'ﬂltﬂ, 1';nn":l

The power delivered to each resistor can then be determined using any one of three

equations as listed below for R1.:

ri
y 4

The power delivered by the source is

Pgy — EI

(watts, W)

(watts, W)



The total power delivered to a resistive circuit is equal to the total power dissipated by the
resistive elements.

Rzgmii':

Thatis, — m—) Pigy=P1 + Py +P3+++ Py
EXAMPLE:
a. Find the total resistance for the series circuit of Fig.
b. Calculate the source current Is.
c. Determine the voltages V1, V2, and V3.
d. Calculate the power dissipated by R1, R2, and R3.
e. Determine the power delivered by the source, and compare it to the sum of the power
levels of part (d)
Sofutions:
-E.._EET_R]_|'Rj|R3_Eﬂ|'1ﬂ|'iﬂ_En
+ ¥ -
K 20W A
b de = o T g EA 1 R,ﬂ!!
e. Ty = IR = (25AW2 40 =5V EJ’____m.
o= JRa = (2.5 A¥W1 L2y = 2.5V - T 55—
7 = IR3; — (2.5 A5 L)) — 125V T sl .
d. P, = i) = (3 WVH25 A = 125 W in MW —
Py = J3R: = (2.5 A (1 {) = 6.25 W = -t
P3 = Fi/R: = (12,5 W55 42 = 31.25 W

e Pau — Ef — (20 V2.5 A) — S0 W
Pgeg = Fy + Py + Py
S0W = 12.3W + 625 W + 31 253 W
S0 W — 50 W  (checks)




EXAMPLE :
Determine RT, I, and V2 for the circuit of as shown in Figure:
Solution:
Note the current direction as established by the battery and the polarity of the voltage drops
across R2 as determined by the current direction. Since R1 = R3 = R4,

Rr=NR + B =0T +40Q=210+40=250

E S0V
=% "0 4 et
My Ay
F]_IRJ_{EH.]HH:I_ET II_ R =71 R,=41}
Es sov R_~,§.'.!.’1
i CT_
I Ry I
My _T
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D VOLTAGE DIVIDER RULE W

In a series circuit,
the voltage across the resistive elements will divide as the magnitude of the resistance levels.
The rule can be derived by analyzing the network of Figure:

Rr=R;+R;
[Jr—'
> and _E +
1 Ry 'R—rp ElgFl

Applying Ohm’s law:

nEn,
F1=IR1=(E).R1 RIE _

Rr
with = IR, = ( —)RI = R}E =

MNote that the format for F; and 75 138

Vs

(voltage drnider rule)




In words, the voltage divider rule states that the voltage across a resistor in a series circuit
Is equal to the value of that resistor times the total impressed voltage across the series
elements divided by the total resistance of the series elements.

EXAMPLE 1 :
Determine the voltage V1 for the network of Figure
solution: T .
AN A
CRE ORE ()& 1280V - "

lﬁ"’: E =64V

I -
R RtR N0+600 80

* EXAMPLE 2:
Using the voltage divider rule, determine the voltages V1 and V3 for the series circuit

of Figure

oo RE _ QEMESV)  QEDESV) L+

PUORr 2K+ 5K+ 8K 15 k) R =20 7,
_@x10°QEsV) 0V ) | "

15 % 107 £} 13 E= 45V R, =3k

p, — RE _ BEMESV) _ (8 X 10° £)(45 V) ) o

Ry 15 kL) 15 x 10° £} R=E8k)

360V o _ | )

15




ﬂ KIRCHHOFF’S VOLTAGE LAW w

» Kirchhoff’s voltage law (KVL) states that the algebraic sum of the potential rises and
drops around a closed loop (or path) is zero.

+ 1y —
P “M b
R Fy
2-V=0 1 !
_'_
- KWL Ezg Fy

|_|.F
-
YE—F—T1=0
or Tf_
E=1+TF ph

the applied voltage of a series circuit equals the sum of the voltage drops across the series
elements.
Kirchhoff’s voltage law can also be stated in the following form:

EGFm-E5=EGFdIﬂPH




EXAMPLE 1:

For the circuit of Figure:

a. Find RT.

b. Find .

c. FindV1andV2.

d. Find the power to the 4-'Q and 6- ‘Q resistors.
e

Find the power delivered by the battery, and compare it to that dissipated by the 4- 'Q
and 6- 'Q resistors combined.

f. \erify Kirchhoff’s voltage law (clockwise direction).

d. Pyp =

= 16 W

a Rr=R+R=40+60=1010 -;’.— —E—
I 2
_E 2w [_' M Wy
b'f_ﬁ:r_mﬂ_lﬂ 4l Y R A 1)
c. ] = IR = (2AW4 4 =8V E=—av
7 =JIR; = (2ZAN6 ) = 12V -‘- Ry I
T (BV)S _ 64 T

R 4 4
Popp = FR: = (2AY6 (D) = (40(6) = 24 W

e. Pg — EF — (20 VH2 A) — 40 W
FPg = Pan + FPsn
40 W = 16 W + 24 W
40 W = 40 W (checks)

f 22V =4+E —F1 —F2=10

E =T + I3
WOV =8V + 12V
20W = 20V  (checks)




EXAMPLE 2:
For the circuit of Figure
a. Determine V2 using Kirchhoft’s voltage law.
b. Determine I.
c. Find R1 and RS3.

Solutions: a. Kirchhoft’s voltage law
(clockwise direction):

Wy
R, 7
== 54V R,
_|_
Rl
- A
- V=18V

_E+F3+F1+F1:D

E=F1+F1+F’3

E-—FN—"F=54V-18V-15V =21V

or
E.ﬂd I'E:
v, 21V
h_I: = — —
R, 710
R 18V
R Y
Vi 15V
I 3A

6 2

50




azalall Ahaal) 448

Fundamental of Electrical Engineering
Assit.Lec. Shaimaa Shukri

Forth lecture




D PARALLEL CIRCUIT W

» Two elements, branches, or networks are in parallel if they have two points in
common

a

11 1 [

RT R1 ' R2 6

\/

b

R1 R2

» The total resistance for the network can be determined by direct substitution into
Eq.

T |

L EE I I3 g




> CONDUCTANCE

For parallel elements, the total conductance is the sum of the individual conductance

The conductance [G] is definde as:

G = simenes(S)

So ,we can write the total conductance GT for the parallel cct shown ,as :

GT= G1l+ G2+ G3+GN

o

1 —

RT =— Gr

26

3




EXAMPLE 1:
Determine the total resistance for the network of Figure:

Solution:

I
4
=
+
|

=05S+0255+02S

+ +
20 40 5%

and Ry = = 1.053 ()




EXAMPLE 2 :
a. Find the total resistance of the network of Fig. 1
b. Calculate the total resistance for the network of Fig. 2

Solution:
a. For R1=R2=R3 THEN
0 RS0
R 12 0}
Rp=Yp= - =40
figure 1
b —
R 20 o
Ry = TR =051} RS20 £320 320 RZ20
G

figure 2




» PARALLEL CIRCUITS:

*EXAMPLE 3: | .
E=2TV  RrRZ90r, RITIBOR

For the parallel network of Fig. = _ _

a. Calculate RT.

b. Determine Is.

c. Calculate I1 and 12, and demonstrate that Is =11 + 12.
d. Determine the power to each resistive load.

e. Determine the power delivered by the source, and compare it to the
total power dissipated by the resistive elements.




Solutions

Ry (0 {018 4K 162 02
By = = = —— = G 1}
=R B v R, 2f)+ 1802 27
E 27N
b, I — — — 45 A
T Ry &6 0}
s _E _ 21V _
= 1= ®, R o 0
17 E 27V
Iy = 2 = = — 1.5 A

Ry Ra 12 £}
Hi=n+ 5
4544 =53A+13A
4.5A —4.5A (checks)

d Pl =V =B = (2TVH3A) =81W
Py = Folh = B = (2T VHLIS A) = 40.5 W
e. P, = EI. = (2T V4.5 A) = 121.5 W
— P 4+ Py — 81 W + 405 W — 121.5 W




H CURRENT DIVIDER RULE w

« As the name suggests, the current divider rule (CDR) will determine how the current entering
a set of parallel branches will split between the elements.

 For two parallel elements of equal value, the current will divide equally.

 For parallel elements with different values, the smaller the resistance, the greater the share of
input current.

 For parallel elements of different values, the current will split with a ratio
equal to the inverse of their resistor values.

A
d R R - 71
+ -=r---1
and T T
: Rordn $n 3 3 H»
R ! '
H = —F - N I
1 R
and for 7. -
Ry
Iy = g
2 2.

and =o on.




*EXAI\/IPLEl: Determine the magnitude of the currents 11, 12, and 13 for the network of

Figure .
RI

Solution: the current divider rule N b~ ﬁf :
.
Applying Kirchhoff's current law, L 41
I=h+h
and L=I-5=12A-8A=4A

or, using the corrent divider rule again,

RI 124

1 = 1A
S R tR 101 +41)

The total current entering the parallel branches must equal that leaving.
Therefore,

L=1=12A
or h=hL+h=8A+4A=12A
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ﬂ KIRCHHOFF’S CURRENT LAW W

Kirchhoff’s current law (KCL) states that the algebraic sum of the currents entering
and leaving an area, system, or junction Is zero.
In other words,

the sum of the currents entering an area, system, or junction must equal the sum of the
currents leaving the area, system, or junction.
In equation form:

2 Lemtering = & Jleaving




EXAMPLEL:
Determine the currents 13 and 14 of Fig. using Kirchhoff’s current law.

Solution:
We must first work with junction a since the only unknown is 13. At junction b there are two
unknowns, and both cannot be determined from one application of the law

At a-

x -E-E|11-1|:ir_g =X *Tlem'j.r__e
.|.ir1 +_|ir2 =_|_?'1
248 +3A =17
.EE. =

At b:

E-‘ir|=;'|:|.1-1|:'.i.|'__5
Iy + I
S5A+ 1A




Mk ExAMPLE?

Determine 11, 13, 14, and 15 for the network of Figuer.

Soluffon: At o

E -fTEm-u'.i.r__E = & Ilem-.i.r__s
If=0n+.rn
A =0n+44

Subtracting 4 A from both sides gives

5A —4A =N +4K — 4.4
Hn=5A—4A-=1A

At b
S = H7 =1A

as it should, since &) and &z are in series and the current is the same in

zeies eletnerits.
At e

_Ej=_|.r_-|_=£|.|:!h.

for the zame reasons grnsen for junction 5

At ool
+ laptering — £ faaving
i3 + Iy = i5
14 +448 =75
is =54

If we enclose the entire network, we find that the current entering i1s
I = 5 A; the net current leaving from the far right is 7z — 3 A The two
must be egual since the net current entering any system must equal that

leaving.




Open and short circuit in series circuits

1. Open circuit : In this case there is no current flows through the circuit as shown in
fig. 1.

AR Wi My
+| I—
l \Y)
Fig. 1

2. Short circuit :
If the resistance is short circuited , the current will flow through the short circuit (no
current flows through the shorted resistance) as shown in fig. 2 .

V R1 | R2 R3

| = A M A

-

Fig.2




Open and short circuit in parallel circuits :

1. Open circuit :

In this case , there is no current flow in the open branc R
R2

3 R3

12=0 R e A v o

| =11+13 [

I

v
Fig. 3

2. short circuit :
In this case , there is no current flow through R1 , R2 and R3 because the total current ( | )
pass through the short circuit as shown in fig. 4 |

-
R1
———ANN—
V R2
| = e A",
B _ R3
ri —AANN—— v I
A
*I-
L
L'

Fig. 4




ﬂ Nodal method W

In this method, every junction in the network where three or more branches meet is
regarded as a node. One of these is regarded as the reference node ( or zero potential node ).
Consider the circuit in fig. 1 which has three nodes . Node 3 has been taken as the reference
node . VA represent the potential of node 1 with respect to node 3 . VB represent the
potential of node 2 with respect to node 3 .

Node 1: R1 1 R2 5 R3
AN AN AN

1 1 1 Vg E, T 12 3
Va {—- + - -+ -} - =10 |4l R4 RS l|5

R; R, Ry R; R; Bl — * r——
Node 2 :

1 1 1 VA E; Reference node
£ (S — TN S — =0 ;

R, R; R; R; R;

Fig. 1




Example :

Using nodal method , find all currents for the circuit shown in fig. 2 .

Consider node 3 as reference node .

Node 1 :
Nodel:
1 1 1 V, 15
V1 { et et ------}_ R —
1 1 0.5 0.5 1

4V, -2V, = 15 —— (1)




Node 2 :

V2 { ——— + — oo s

35V,-2V, =20 — (2)

From FEguatioms ( 1 ) amd ( 2 )
"y = 925 w s W2 = 11 w

15 — 925
I]_ E e e e e, e e, . e = 5-75

T, — S = 3.5 A

13 . e ———— = O N




a0 EXAMPLE 1

Apply the branch-current method to the network of Figure to find all current in the circuit?

Solution 1:

Step 1: Since there are three distinct branches (cda, cba, ca), three currents of arbitrary
directions (11, 12, 13) are chosen, as indicated in Figure. The current directions for 11 and 12
were chosen to match the “pressure” applied by sources E1 and E2, respectively. Since both
I1 and 12 enter node a, 13 is leaving.

Step 2: Polarities for each resistor are drawn to agree with assumed current directions, as
indicated in Figure.

Step 3 Kirchhoff's voltage law 15 applied around each closed loop (1 a
and 21} in the cloclowise direction: . -
I | i JT-:
[ Fessimpotenial R, § 20 : B0
loopl: 2oV =+E — Vg —Fg =10 |
. | . |
T T Drop in potential d Ragq_“ b
1—"rR.i£EiE|pu-tEI'.'lﬁ.ﬂJ ;
loop2: YoV =+Vg + Vg —F =0 * el -
T E =12V } Ej===6V
and Cirop in potestial I B R J a
4
loop 1: EGF—+1T—1'.HJI—I4HI—'D 1
— =

Battery V -:-l1ng|! drn]:- Voltage drop
pofemtial across 2-f)  acToss 4-4)
resiator resiztor

loop2: Ze P =440 + A4, -6V =0




Step 3 Kirchhoff s voltage law is applhied around each closed loop (1
and 2} in the clockwise direction:

loop 1: 1¢F=+E—FR—F31=D
- I ;
T T Drop in potential
hl_—Risempn‘t&nnaJ
loop 2: X, 7= +Vr + Vg —E. =0
At LDru-]}inpnten:l:l.aJ

loop 1: En 7= +1v— 2007, — 4 I, =0

Earta].r "i.i"-allnge -:]rﬂp "i.-n].ta.ge dIup
acroas -4k across -4k
resistor resistor

loop2: ZF=(440 + ALBT, — 6V =0

by I;




Step 4; Applying Kirchhoff's current law at node a (in a two-node net-
work, the law is applied at only one node),

.|!T1 +I1=I3

Step 5 There are three equations and three unlnowns (units removed
for clanty):

2—-2LH—45=10 Eewritten: 25, +0+ 45 =2

dhi +15H— 6=10 0+5LH+4h5 =6
h+ Hh=158K h+hH— =10
Using third-order determinants (Appendix C), we have
2 0 4
4] 1 4
{' 1 1 . - - -
J = = —]1 A ek cun-:lntgnmlﬁﬁaﬁﬁ?
“ 2 0 4 that the acteal current is
in the divection opposite to
D=0 1 4 that assumed.
1 1 —1
2 2 4
0 4] 4
I 1 0 —1 2 A
T D -
2 0 2
0 1 &
1 1 0
D



S ExAMPLE 2:

Calculate 11,12,13 on the network shown in figure ?
The current directions were chosen to match the “pressure” of each battery. The polarities
are then added and Kirchhoft’s voltage law is applied around each closed loop in the

clockwise direction. The result is as follows

loop 1 #1323V — (4 S + (104075 — 20V =0
loop 2: +20W — (1048 — (245 + 40V =0

Applying Kirchhoft’s current law at node a,

I1+IJ=I:

Substituting the third equation into the other two yields (with units removed for clarity)

0

+

gmu
|I3# - = .
1 s
Iy 1 3
! »
]

+|
— 20 E




15— 40, + 1005 — 20 = 0 | Substituting for [, (since it occurs
20 — 1055 — 5(1; + I;) + 40 = ( | ovly once in the fwo equations)

or —41; + 10, = 5
—5I, — 151, = —60

Multiplying the lower equation by —1, we have

—41, + 105; = 5
51, + 151; = 60

510
60 15| 75 - 600 525

L= = = = 47734
~4 10| -60-50 -110
515
4 5

=15 60 =240-05_ <265 _, 004
~110 “110 110

L=1+L=4773+2409 = 7.182A

revealing that the assumed directions were the actual directions, with J;
equal to the sum of /; and 5.
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ﬂ MESH ANALYSIS (GENERAL APPROACH) 1

EXAMPLE: Compute the current passing through each resister using mesh mrthod?

loopl: +E,—F; —F;=10 (clockwise starting at point a)
Volges rehiar >
F2V— (2O — @4 Q) ~L)=0
) . H’I. ! +j— Subtracted since [, is
Total current opposite in direction to J
thron

4-0) resiztor

loop2: —V;— F; — E; =0 (clockwise starting at pomnt 5)

~@ML - L) - QAL -6V=0

Step 4: The equations are then rewritten as follows (without units for
cle

loop 1: +2 — 25 — 4 + 415, = 0
loop 2: —4l, + 4, — 15 — 6 =0
and loop 1: +2 — 66 + 45, = 0
loop2: —5L +4, — 6 =10
or loop 1: —6I + 4, = —2
loop 2: +46 — 5 = +6

! I
| _ FTTT T oy FTT T TN

[ ' il |+ I
i B <21 Pl &l
R Fl 1 5 |
[ 1 I+ {=1 [ :
[ I [

| C1 Rﬁgm 2 i |
[ 1 e ! - |
[ I Iv |

I [ T I
1E =2V | V=L,
(N v |
! i
' —— I
] - '1'

T o e mm mm mm mm mm mm

Applying determinants will result in

I =—1A and L, =—-2A



* EXAMPLE :

Find the current through each branch of the network of Figure.

Steps 1 and 2 are as indicated in the circuit. Note that the polarities of the 6- resistor are
different for each loop current.

Step 3: Kirchhoff’s voltage law is applied around each closed loop in the clockwise
direction:

loop2: E;— F; — V3=10 (clockwise starting at poimnt b)
F10V — (6 O, — 1) — (2 Q) =0

The equations are rewritten as

S5-I — 6L +6L—10=0|—TL + 6L =5 B IEEERRA IESEEER
10 — 61, + 6I; — 2I, = 0 + 61, — 8, = —10 nZT10 2260 .
+] T+ !
Step 4: 5 5’ | | l
. 1 2 3o
- 1=10 -8l _—40+60 20 _, | | :§
-7 6 56-36 20 o] L .
6 —8 E1_-'— i}v . Ez:?.-— 107% 5 I
’+— — — — = -95"._____F
-7 5 S na
16 10l _70-3 _40_,,

20 20 20




Since 11 and 12 are positive and flow in opposite directions through the 6-Q resistor
and 10-V source, the total current in this branch is equal to the difference of the two
currents in the direction of the larger.

L=l (2A>1A)

Therefore,

Ip,=h—-—h=2A-1A=1A in the direction of I




> Delta to Star

Let us first assume that we want to convert the A (RA,R B,RC) to theY (R1, R2, R3). This
requires that we have a relationship for R1, R2, and R3 in terms of RA,RB, and RC.

>
Re R
Ry - B Rc
R, + Rg + Rp
R — RyRp
: Ry + Rg + Re
Ry Re
Hy =
Ry + Rg + R




» Star to Delta
To obtain the relationships necessary to convert fromaY toaD

M+ BB+ BB
R

B BBy + Bk + R Ry
R

RiRy F RRH RyR
R




