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Resistance:-1t may be defined as the property of a substance due to which it
opposes (or restricts) the flow of electricity(i.e., electrons) through it.

The Unit of Resistance: The practical unit of resistance is ohm. The symbol for ohm
1s Q.

Prefix Its meaning Abbreviation Equal fo
Mega- One million M Q 10° Q
Kilo- One thousand k Q 10° Q
Centi- One hundredth — —
Milli- One thousandth m Q 10° Q
Micro- One millionth nQ 10° Q

By: Faisal Ghazi
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Laws of Resistance:

The resistance R offered by a conductor depends on the following factors:
(i) It varies directly as its length, I.

(ii) It varies inversely as the cross-section A of the conductor.

(iii) It depends on the nature of the material.

(iv) It also depends on the temperature of the conductor.

Current

Smaller | Larger |
Larger A Smaller A
Low R Greater R

/ [

R — o R=pP—

T4 P

Specific Resistance or Resistivity: the resistance between the opposite faces of a meter cube
of that material. The unit of resistivity is ohm-meter (Q-m)

By: Faisal Ghazi
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Material Resistivity in oltm-nietre Temperature coefficient at
at 20°C (x 167) 20°C (x 167)
Aluminium, commercial 28 403
Brass 6-8 20
Carbon 3000 — 7000 —5
Constantan or Eureka 49 +0.1 to 9.4
Copper (annealed) 1.72 393
German Silver 202 27
(84% Cu; 12% Ni: 4% Zn)
Gold 2.4 36.5
Iron 98 65
Manganin 44 -48 0.15
(84% Cu : 12% Mn : 4% Ni)
Mercury 95.8 89
Nichrome 108.5 1.5
(60% Cu ; 25% Fe ; 15% Cr)
Nickel 78 54
Platinum 9-155 36.7
Silver 1.64 38
Tungsten SES 47
Amber sx 10"
Bakelite 10%°
Glass 10— 10"
Mica 10°
Rubber 10%®
Shellac 10t
Sulphur 10"

Example: Most homes use solid copper wire having a diameter of 1.63 mm to provide
electrical distribution to outlets and light sockets. Determine the resistance of 75 meters of a
solid copper wire having the above diameter.

Solution: ad
4

w(1.63 X 1073 m)?
4

=2.09 X 107 m’
Now, using the Table above, the resistance of the length of wire is;

A:

R=2L
A

_ (1.723 X 107* Q-m)(75 m)
209 X 103° m?

= 0.619 O

Example: Bus bars are bare solid conductors (usually rectangular) used to carry large currents
within buildings such as power generating stations, telephone |

exchanges, and large factories. Given a piece of aluminum bus bar 210 =
"
5 i g ot
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as shown in Figure, determine the resistance between the ends of this bar at a temperature of

20°C.

Solution The cross-sectional area is

A = (150 mm)(6 mm)
= (0.15 m)(0.006 m)
= 0.0009 m?
=9.00 X 107* m?
The resistance between the ends of the bus bar is determined as
,o_€
A

(2.825 X 1078 Q-m)(270 m)
9.00 X 107 m?

= 8.48 X 1077 () = 8.48 m()

R:

Temperature Effects:

The resistance of a conductor will not be constant at all temperatures. As temperature increases,
more electrons will escape their orbits, causing additional collisions within the conductor. For
most conducting materials, the increase in the number of collisions translates into a relatively

linear increase in resistance

R (Q) _AR
A W Slope m = AT
ol Z
AR |
R, - |
\ |
1 |
Absolute \ |
z7ero 7 ‘ ll
T = 4 e L))
—27318 T 0 T T,
—_—
Temperature intercept L
6
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Temperature Intercepts and Coefficients for Common Materials

T

(°C)
Silver —243
Copper —234.5
Aluminum —236
Tungsten —202
Iron —162
Lead —224
Nichrome —2270
Brass —480
Platinum =310
Carbon
Germanium
Silicon

o
o™
at 20°C
0.003 8
0.003 93
0.003 91

0.004 50
0.005 5
0.004 26
0.000 44
0.002 00
0.003 03
—0.000 5
—0.048
—0.075

@«
0™
at 0°C

0.004 12
0.004 27
0.004 24
0.004 95
0.006 18
0.004 66
0.000 44
0.002 08
0.003 23

We observe an almost linear increase in resistance as the temperature increases. Further, we see
that as the temperature is decreased to absolute zero (T=-273.15°C), the resistance approaches
zero. In Figure, the point at which the linear portion of the line is extrapolated to cross the
abscissa (temperature axis) is referred to as the temperature intercept or the inferred absolute
temperature T of the material. By examining the straight-line portion of the graph, we see that
we have two similar triangles, one with the apex at point 1 and the other with the apex at point
2. The following relationship applies for these similar triangles.

T,-T
2 R1

R, =
27 T

Example: An aluminum wire has a resistance of 20 Q at room temperature (20°C). Calculate
the resistance of the same wire at temperatures of -40°C, 100°C, and 200°C.

Solution: AtT = —40°C:
The resistance at —40°C is determined using Equation 3—6.
R e = —A0°C — (2236°C) ) - 196°C 5 _ 1530
20°C — (—236°C) 256°C
AtT = 100°C:
Rigpe = A00°C = (2236°C) 55y - 336°C 55 — 2630
20°C — (—236°C) 256°C
At T = 200°C:
p——— 200°C = (=236°C) 55 = 230°C 50 =341 0
20°C — (—236°C) 256°C

By: Faisal Ghazi
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Ohm’s Law: The ratio of potential difference (V) between any two points on a conductor to the

current (1) flowing between them, is constant, provided the temperature of the conductor does
not change.

/4
7 = constant or — =R

Example: Calculate the current through a 10Q resistor when the voltage increased from 5V to
20V.

Example: Determine the amount of current for the circuit shown in Figure below.

(V=25v),(R=4.7).

4-%-'"'1 -'ﬂ'\..-
A4 T

l
bl

25N

Class Work: How much resistance is needed to draw 5mA of current from the battery if V,
150v? Consider the circuit consists of a DC power supply and one resistance.

By: Faisal Ghazi
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Resistance in Series

When some conductors having resistances R;, R, and Rz etc. are joined end-on-end as in
Figure below, they are said to be connected in series.

4 R1 B Rz C Ra D A
TR Nt r[ N\ s
Y v
Al T 21r C
V. 'Y
o J o 3" D

- V =V, +V,+V,=IR, + IR, +IR, —Ohm’s Law
But V = IR

where R 1s the equivalent resistance of the series combination.
IR = IR, +IR,+IR, or R=R,+R,+R,
1 1 1 1

Also G G G G,

As seen from above, the main characteristics of a series circuit are :

same current flows through all parts of the circuit.
different resistors have their individual voltage drops.
voltage drops are additive.

applied voltage equals the sum of different voltage drops.

I

e

Example: Find the current passing through (R3) in the circuit of the figure and voltage drop
each resistor.

820) 180
AVAYAY ANV
L R1 R2
<
AN AAN—
10Q R4 R3 15Q
Ans:200 mA

By: Faisal Ghazi
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H.W.:-Find the value of R4 &power at R4 if current cct is 200mA

100 470
W A
= 1 R1 R2
L=
| A I". !'ﬂ'.ll‘l,-'n\ \f 'r"-b.-'ﬁ\#.'ﬁ '.U.
R4 7 Rr3 1000

H.W:-Determine the total amount of power and power in all the resistors.

— AN AN
100 120

AG|
|
0U9g
"'.\/ \,"’\\

Uge

|
I
——AAA

ANs:343Q

Ans:2.25, P1=225mw, P, - 270mw,P3-1.26mw P,= 495mw

Resistance in Parallel:

When three resistances are connected, as shown in Figure, it is said to resistances in
parallel. The current in each resistor is different and the total current is the sum of the three

separated currents.

v .V r
I =L+L+L=—+—+—
_;/ >3 R R R
Now, I = R where 7 is the applied voltage.
~ R = equivalent resistance of the parallel combination.
v V.V _ V 1_1 1 _ 1
= = S ah 5 —=Ee—gpe=——nr——
R R R R © R R R R
Also G =G +G,+G

The main characteristics of a parallel circuit are :
1. same voltage acts across all parts of the circuit
2. different resistors have their individual current.
3. branch currents are additive.

10
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Example:- Calculate the total resistance of the cct in Figure. (answer Rt=13)

45001
AN
Uiy
AVAYAY
Uzz
L AAN—

Example:- Find the voltage source and the current through each resistor.

10 mA

)

|

B0zT
NV
3059
VY

o é Ans Vs=1.36
5}

H.W: Determine the total amount of power in the cct shown & the power of each resistor.

2A

+ [
(= o N}
5T BT 8%

11
By: Faisal Ghazi



Department of Fuel and Energy Technologies Engineerin ELECTRIC TECHNOLOGY Second level

Example:- Determine the voltage drop across each resistor and the current through of each
resistor using Ohm’s law.

AVAVAY
Solution: Ra=2Q, Rg=2Q, Rc=1Q Ri=40)
P =
oY1 s
RT - SQ—>IT— Ry - = 2A F“ A <
A L
I, = 2A V=i Ri—>V;=2%4 = 8y is (2222
5> w8589
Ra=2v Rg=2v } ‘
Vo= 2V V3 =2V
2 2
I2=£=0.5A I3=£=0.5A—>RA:1A, Re=1A, I,=1s=1A
V4= |4 R4= 0.5V, V5= |5 R5= 1.5V
R |
o @ 2 ) .

Ug="*
0Ueg=1
Ol=7

Example:-Determine the current through of each resistor, voltage drop across each resistor and

the power of each resistor.by using Ohm’s law. — VWA
R1=90
Solution: R;= 3.6, Ry=2Q, R.=6Q, Ry=2Q, Rr=5.6Q L AN—

= | R=6Q @ >
2 n _=
V; 16.8v @ T IS
l;=L=22 =34 =], : 5%
Rr  5.6Q F‘—‘
o -~ o \}% "’~
Va=IpRA >V a=3*3.6 = 10.8v - %” T & i‘{g <
V;=10.8v,V,=10.8v
—AAA, 0
% 10.8v Ra=3.602
h=—==——=1.2A
R4 90
V. 10.8v g 5>
=2 =222 = 18A g2
R, 60

12
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Vo=Vr_V;—Vp=16.8-10.8, Vp=6v=\V;g

—5—6_17—2[1’ I3=IT_I6=3_2=1A

L =2=2_
67 R, 30

V3=I3 * R3= 1*4 =4V

V4&V5= 2V
[,=2=22=0333A, I, ===22=0.666A
R, 60 Rs 3Q

P.=1,V,=1.2*10.8=12.06W, P,=I,V,=1.8 *10.8=19.44\W
Ps=I;Vs=1*4=8W, P,=I,V,=0.333*2=0,666\W

Ps = I:V5=0.666 *2=1.382W, P=I,V=2*6=12W
Pr=I;Vr = 3*16.8 = 50.4W

Voltage Divider Rule: Sl Jo dda gy pa Cila gliall il 1) ddal 8l) aud

4 R p B ¢ R p A

f AN | AN } ANAN }
R T
Al T VZR C

V3~I
e V oo \ D

Where x=1,2,3,4,....

13
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Example:-Using the voltage divider rule, determine the voltage across R1 &R (if Vs = 45v).

Solution: RT: ISkQ, Vl = % 'VT p— 15 45 = 6v IV\{?\(\/WW
T

) [

H.W.-: (Answer v; = 24v,v,=15)

Example:- Determine the voltage across 5Q in the following circuit.

: ) ) ) AVAVA AVAVA
Solution: a4 1 ye 433k 5N 3 ilall () 55 Leie ddaadle o L 4 5Qf_l "\|f SHadan {L
5580 (I Ledygad g Ledapundt i Unlidg < ‘T 3 < S <
) 5
7.5Q
= o * 15 -V, =5v ur
Veg = —or—x5 — Vg = 1.667 3+ "g= & =
50 = sr10) 0 Vs T OOV g ¥ <
AW L
o 150 ~N
T w -
>
AVAVAY, L
1 8 <
]
The Current Divider Rule: Sl Ao dda g pa cila gllal) cuilS 1) L) awdy

(U O El aadt i glae 2 g g Al
R, R4
I —1(—) I —1(—)
V=" \R, +R,)” 27 "*\R{ +R,
(Al (i sl (pe ST Lal ()5S Lenie dals OV elilia

Ry
I, =—1
X R, T

14
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Example:- Find I; and I, in Figure below. AAA
R1=100€2
100mA
AAY
R2=47Q)

Example:- Determine the power at 6Q using the current divider rule for the circuit below.

. —AAN
Solution: : ’};Q : ;
— =24+ 1.6=40 NN < < <
6+ 4 I

16 16
14Q=15m —>I4Q=10%=8A l[\

4 32 s =
Iqg=8——=—=3.24 10A(1) 2> B =
0= °21 16 10 B8 RS
P=I°R - P=(32)%%6=06144W

"V b
1.6Q = .
/_.i\l H~ (o2} Q/
“(Ds<s B2

Example:- Find V3 and |5 for the circuit shown below. {WT
Ri1=80)
f\\’/\\/\/i

Solution:

AB'9L
617

s i<
o) 8>
AVAVAY ARALLE T *]
3.6Q Is.sg
16.8v 16.8v

L

(6}
A"
!
s
(614
M

15
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2
= — %k 1 . =
V50 e 6.8 = 6V

Second level

ov == %% %é - e3> 28
-

1A
— N /\\ /\v_
40
“~\ = _— 6
1a( ] 2= 8> —>I3Q=§*1=0.667A
A ——
40 —L v 4 6 4
< - =-x6=4v
2= B2 "oe

Kirchhoff’s Laws: Kirchhoff’s laws, two in number, are particularly useful (a) in determining

the equivalent resistance of a complicated network of conductors and (b) for calculating the
currents flowing in the various conductors. The two-laws are:

1. Kirchhoff’s Point Law or Current Law (KCL)
It states as follows:

in any electrical network, the algebraic sum of the currents meeting at a point (or junction)
IS zero.

I +L)+ (L) +(+ 1)+ (=) =0
I +1,-[,-I,-1,=0 or I, +I,=1L+I +I
incoming currents = outgoing currents

(a) (b)

16
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2. Kirchhoff’s Mesh Law or Voltage Law (KVL)

It states as follows:

The algebraic sum of the products of currents and resistances in each of the conductors in
any closed path (or mesh) in a network plus the algebraic sum of the e.m.fs. in that path is
zero.

Vi—Vi—V,—V3—-V,=0 + - +/\/\/\/'_
VS:V1+V2+V3+V4 Vi V2

5 o

Steps to apply KVL: _VVYV

AN~

V4 ¥ f V3 *

1) For each one of the loops in the circuit, define a loop current around the loop in
clockwise (or counter clockwise) direction. These loop currents are the unknown
variables to be obtained.

2) Apply KVL around each of the loops in the same clockwise direction to obtain the
equations. While calculating the voltage drop across each resistor shared by two loops,
both loop currents (in opposite positions) should be considered.

3) Solve the equation system with the equations for the unknown loop currents, knowing
that the number of equations is equal to the number of unknown variables and equal to
the number of loops.

Example: Verify Kirchhoff’s voltage law for the circuit of Figure el
. ) I V=3V
Solution If we follow the direction of the current, we write the loop equa- CAAAL

: +
tion as E=15V== V=6V
ISV —2V —3 N =6V —3 V=1V =0 A~
Vy=3V
—— WSS e
Vs=1V

17
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Example: Find the current in each branch for the circuit shown.

» R=2Q . Ri=40
AM—— ; AN —
. I
Solution: -k Ty
Ey=F 6V Ri 20 Ey==2V
Stepl) Assign the current as shown in figure, ] ey
Step 2) Indicate the polarities of the voltage drops on all _ .i :

resistors in the circuit using the assumed current directions.

Step 3) Write the Kirchhoff voltage law equations.

Loop abcda: 6 V- (2 Q)I; + 2Q)I,-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 for
abcefda were written. There is 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.
Loop cefdc: 4 V- (2Q)l,- (4 Q)I;+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 equations would needlessly complicate the
calculations.

Step 4) Write the Kirchhoff current law equations. By applying KCL at node c, all branch
currents in the network are included.

Node c: ;=1 +1

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

2|1- 2|2 - 0|3 =2

0|1 -2'2 - 4|3: -6

11, + 1, -11,=0

The principles of linear algebra allow us to solve for the determinant of the denominator as follows:

=22+4)—-0+1(8) =20

Now, solving for the currents, we have the following:

2 -2 0
-6 -2 —4
0 1 -1

18
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_2—2 —4‘ . =g o+0 —a0
=S | — =
20
22+4)+6(2)+0 _ 24
= =22 —1200A
20 20
gD )
0 —6 —4
i 0 =i
Iﬁ_
2 D
_2—6 —4‘ 0‘2 O‘HIZ 0
i 10 = ol =1 S
20
=26 EOEEIE8)E g
= = =55 = 02004
2:-—o 8o
=2 ¢q
/= - 4. 9
3 D
5 g £ 5 O
= - -
2 0‘ 0 0 'Lz —6'
20
26)— 0+ 1(12+4) 28
= =" =1400A
20 2

Example: Determine the current in each resistance using (KVL) and (KCL)

Solution: L1: 8-51;-101,=0 — 51;+101,=8 (1) B
_— ‘\\wa,-' .\\.;'J ‘\v.-—’—' \-\J;"’\\_V.f'ﬂ‘-\
L2: -10+101-61,=0 — 101,-61;:=10  (2) 50 L 60
Li=lptls — Tp-l-15=0 T Uy g eT
51,+101,+01,=8 (1) o
01,+101,-615=10 (2)
|1-|2-|3:0 (3)
5 10 0
D=0 10 —6|=5(-10—6)—10(0 + 6) + 0(0 — 10) = —80 — 60 = —140
1 -1 -1
8 10 0
X=|10 10 —6|=8(-10-6)—10(-10+0) + 0(—10 — 0) = —128 + 100 = —28
0 -1 -1

19
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5 8 0
Y=10 10 —-6/=5(-10+0)—8(0+6)+0(0+6)=—-50—48=-98
1 0 -1
5 10 8
Z=|0 10 10[{=5(0+10)—-10(0—-10)+8(0—-10)=50+10—-80=70
1 -1 0
Ilziz_—ZSZO,ZA, IZZZ:__%:0.7A, 13:£:l=—0_5A
D -140 D —-140 D —-140

IS.Q = OZA, 1109 = 0. 7A, I6Q. = —0. 5A

Example: Determine the current and voltage in each resistance using (KVL) and (KCL)

Solution: 1=+l — I1-1,-13=0 (1)
Li: 45-301;-251,=0 —> 300,+251:=45  (2) >4 Is
L, -75+301,-45+151,=0 — 300,+151,=120  (3) @
1 -1 -1 v

D=[30 0 25|=1(0=375)+(0—750)— e ANN——

30 15 0 L300 By | a
(450 — 0) = —375 — 750 — 450 = —1575

©

0 -1 -1 b 75v
A=|45 o0 25 1l

120 15 0 !

— 0(0 — 375) + (0 — 3000) — (675 — 0)
— —3000 — 675 = —3675

1 0 -1
B=|30 45 25|=1(0-3000) —0(0 —750) — (3600 — 1350) = —5250

30 120 0

1 -1 0
c=1[30 0 45|=1(0=675)+ (3600 — 1350) — 0(450 — 0) = 1575

30 15 120
[ =2=2229334, ,=2=220-33334, === _14

D —1575 D —1575 D —1575

Vosq = I * 250 = —1 % 25 =225, Vsq = I, * 30Q = 2.33 * 30 = 6919% ~ 70v

Visq = I, * 150 = 3.33 * 15 = 49195% ~ 50v
20
By: Faisal Ghazi
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Superposition Theorem:

“The total current through or voltage across a resistor or branch may be determined by

summing the effects due to each independent source”

Therefore, to apply this theorem:

- Replace all other independent voltage source with a short circuit.
- Replace all other independent current source with an open circuit.

Example: For the circuit show, determine the current in the load resistor, R,.

Solution:

We first determine the current through R due to the voltage source
by removing the current source and replacing in with an open circuit

(zero amps) as shown in Figure.

The resulting current through R, is determined from Ohm’s law as

T 20V
D= 6 () + 24 O

Next, we determine the current through R; due to the current source by
removing the voltage source and replacing it with a short circuit (zero volts)

as shown in Figure 9-3.
R, I o)
MWV o]
240

! ICDZA 'fgﬂ

= 0.500 A

Voltage source
replaced with a
short circuit

The resulting current through R, is found with the current divider rule as

24 Q)
lio) = (24Q+16Q)(2A) 1.20 A

21
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The resultant current through R; is found by applying the superposition theo-
rem:

[,=05A—-12A=-0700A

The negative sign indicates that the current through R; is opposite to the
assumed reference direction. Consequently, the current through R, will, in
fact, be upward with a magnitude of 0.7 A.

Example: Determine the voltage drop across the resistor R, of the circuit shown.

Solution: Since this circuit has three separate sources, it is

necessary to determine the voltage across R, due to each
individual source. First, we consider the voltage across R, £ A ey vaR2§1~em
due to the 16 V source as shown in Figure below. E

Ry
B AN
3 2.4 kQ
A
| 1sko
+ YR
E1 _— 16V Rzglﬁkﬂ

R, I
4'A'A%
24k

Ry Il R3=0.8 kQ

The voltage across R, will be the same as the voltage across the parallel com-
bination of R,||R; = 0.8 k(). Therefore,

vl 0.8 kO
ot 0.8 kQ + 2.4 kO

)(16 V)= —-4.00V

The negative sign in the above calculation simply indicates that the voltage
across the resistor due to the first source is opposite to the assumed reference
polarity.

VR, 2

R2§1:6k9 1

Ry
Next, we consider the current source. The resulting circuit is shown ——> 2%
From this circuit, you can observe that the total resistance “seen” by the cur-
rent source is
Ry = R|||R)IR; = 0.6 k() Ry
+ = RRJR, —
The resulting voltage across R, is Ve o Lok
Vo = (0.6 k1)(5 mA) = 3.00 V B3 16K B2y

Finally, the voltage due to the 32-V source is found by analyzing the circuit —> R, I

MWV

240

LS —
Ry 11 Ry = 0.96 kQ)

22
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The voltage across R, is

v 0.96 k()
B3 1 0.96 kKQ + 1.6 kQ)

)(32 V) =120V

By superposition, the resulting voltage is

Ve, = =40V +30V + 120V =110V

2

H.W. Repeat the same example to find the voltage drop in Ry and Rz, (Ans. Vk;=27.0V, Ves=21.0V)

Source Transformation:

SA
__|I
@
A

Nodal Analysis: () Juladil))

) o S 058 le Al o3 2dinS (]
sl gddads A& S gl o paie Juall oo sadall g b lall A adal) paad sy (2
.(Reference Node) 4aa e 333 jlial (3

0 = Las yall Abasill 2ea (4

Al g8l jume = Baall 4l 68 () oS8 dgma jall BaBall g Ba8al) 0 Adl B8 jrme 3 ga g Cadla ) (5

Example: Using nodal analysis method, find the current in 5 resistor.

Solution: Vp=0, V=6V, V=4V, Vg=? ) AN BCJ\_V FIC
50 2Q
- 1 N _ 1, 15 1-_
at node B: Vg (5+2+2) 5A 2D 2C— o S .
V(2+5+5> 6, _, V(6> 16_ ., _8 T | T
_——-—-— = —_ -] - = - = —
B\ 10 5 B\5) " 5 B=3Y D]
23
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8
T 50 T 5 T
Example: Find V ag, for the circuit shown, using nodal analysis method.
Solution: V¢=0v, Vp=4v A AN ,\/
,‘\TQ/ L
: 1.0 _ 1y 1y 4 @ » 82 (™

atnode A: Vj (1 +3) =1V —3Ve = 4 -2 (/ 83 f Q)
. [ W :

Va=Ve =2 (1) IR

1

1 1 1 3 3
atnode B: Vy (s +3) —1Va—3Vp=2-4 > Vp—V—2=-2 > Vy=2Vp....

2

Vi=22 > SN, Vip=V-Vy=3-2=1y

(2)

Example: Find the voltage the 3Q resistor shown in Figure below.

Solution: VC =0 /“-\V;\V;\v,4/\,6,4\fo\,74,\ f\,’\!
| 6Q 10Q2 1
1 1 1 1 1 1 [oe) — -
N - - —_—— —_— S = < F e W T
at node A: (2+4+6)VA zVC 4VC 6VB 4 [ B 8=
_VA__VB_4 ......... (1) *12

(il Dy iy ity iy A ) B
at nOde B (3 + 10 + 6) VB 3 VC 10 VC s VA - 01 FT J\\ég\)f\v T
Sy Ly -2 (2) *30 "Mz 52 8383 (U
5 B 6 A - 1 O ......... \‘// T. T, <;" -3 \{,:- N
11V, — 2V = 48 ... ... (1) * 5 Tec

—5V, + 18V = =3 ......(2) * 11

557%1 — 10V = 240
—%5V, + 198V, = —33

188V, =207 - W=y

24
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Mesh Analysis (Maxwell’s): (¢Sl Jalall)

Example: Find the current through each branch of the network below.
Solution: 5-111-6(11-1,)-10=0

-

-5-71;+6 1,=0 [
-7+ 61,=5.......... (1) at ZJ_ P
| <1 |

61, — 81,=-10........ (2)*7
421, + 361, = 30 ... ... (1)

-201,=-40> [,=2A
61,-8(2) =-10- 61,-16=-10

11=1A

Example: Find the current through the 10Q resistor of the network shown below

SOIUtiO”:lSV'8(Il - 13) - 3(11 - 12):0 — AN "y

IO.S.'!V
111,431, + 813 = =15 ... ... (1) AN —e—AAN, J
80 ET 9
2L, =3, — 1) =5, — 1) =0 H PR L
7 Ly 8= (@B =
31,-101,4505=0. ..., ) ' l SamuEE
8(Is—1,) —10I3 — 5(s — I,) = 0 | |
8]1 + 5]2 - 23]3 == O ............. (3)
~11 3 8
D=| 3 —10 5 |=-11(230 — 25)(—69 — 40) + 8(15 + 80) = —2255 + 327 +
8 5 -—23

760 = —1168

25
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-11 3 -15
Ips = g —510 8 =-11(0-0)-3(0-0)-15(15+80)=-1425—1I5 = =425 |, = 11224

Example: Using Mesh analysis Find the current through the 9v battery for the network shown.

SO|UtIOnZ 44'7811 - 12(11 - 12) == O .—-—f..{\"'\-"A\‘\.*’;\"J
5.60 ol
9L+ 1.2, =—44....... (1) oA r‘ N =< S
\0/ E‘/“s vzi‘ P
9-1.2(I, — I;) — 0.221, = 0 T2
1.21,-1.421,=-9........... )
- = — * ANN—— ]
Ol + 1.2, = —4.4......(1)*1.2 { VWA |
1.21,-1.421,=-9........... (2)*9 4y s B>
D, i 18 ©
-10.81{+ 1.441, = —5.28 1 |

+10.81, — 12.781, = —81

-11.341, = —86.28 > I, = 7.6A

Maximum Power Transfer:- In electrical engineering, the
maximum power transfer theorem states that, to obtain
maximum external power from a source with a finite internal
resistance, the resistance of the load must equal the resistance
of the source as viewed from its output terminals

2

: _E
Max. power Is P max = ARi

Example: Find the value of R_ such that maximum possible power will be transferred to
R.. Find also the value of the maximum power and the power supplied by source under

these conditions as shown in Figure. s, s )
- - . 45
Solution: We will remove R_ and find the 5V 53 R E 15V 33 2h,
equivalent Thevenin’s source for the circuit to ey G, g
the left of terminals A and B. As seen from (b) @ ) @ 8
26
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Vin equals the drop across the vertical resistor of 3 Q because no current flows through 2 Q and
1 Q resistors. Since 15 V drops across two series resistors of 3 Q each, Vi, = 15/2 = 7.5 V.
Thevenin’s resistance can be found by replacing 15 V source with a short-circuit. As seen from
Figure (b), Rn =2 + (3 || 3) + 1 = 4.5 Q. Maximum power transfer to the load will take place

when R, = Ry, = 4.5 Q.

Maximum power drawn by R, = Vy® /4*R, = 7.5%/4 x 4.5 = 3.125 W. Since same power is

developed in Ry, power supplied by the source = 2*3.125 = 6.250 W,

O (A 4 juall ali -:( Thevenin Theorem) Cpiddi 4ia s

black box o Bl Jead o) Say cila gliall g agall jalaa ild Al ,g<l ) gall
oA RoA Al gl i gal) Jasntl A48 0 ke A Lt A glsall (il
0 & . Vi
0 e i N A c 4
B B [
_E 4 E Vo . R f::“Q
r R R Tt Rz < :Kﬁ
A
D B D B D B
(a) (b) fc)
_:da.“ Q\#
I'.’J'
th “ g . - “ g .
[ = R 4R (RL) Jdeadl 4 glay Lead Ll alaal 31 jal) da gliall et (1

h L

A gide 3 il eaaid 3 il (e Ll a8 (2

(Vi) 0 kel Lgpa s Tl il ol o 5 (3

As gide 3yl il g S ja & sl Lhat il Hriae Jaiiid (4
(Ripn) O A slie Lerand 5 208K 4 glidll (uliy o 583 (5

Example:- Find the equivalent voltage source in the circuit shown.

Solution: Note: since AB is an open circuit, then the current is 2k
not flow in Ry, then R =R, + R3+ R,

Rr=2+1+1=4kOhm "

15 ¥
| = 15/4 =3.75 mA

Ohm's law again, Vo, =2 *3.75=7.5 mV

1k p
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Example:- Calculate the equivalent resistor in the circuit shown.

Solution: R; = 16 Ohm + 4 Ohm = 20 Ohm. s o 4@ 14
R, =Ry // 5Ohm = 20 Ohm // 5 Ohm = 4 R T S L. 7
Ohm 3a (h) gg 160 7 o Sl 160 T +VD

0.25 uF S mH

| o
I

GO)
(o

S gl ke 30 e e s

3001

X
2 200 Z=1X;-X,
E|
K]
o~
=
“ 00—
X,
s (fo) o=
/1 B e [
3 4 6 8 10 12 14
(kHz) » 40

By: Faisal Ghazi

JIstl Js dlazoll LRC Slgs & JU 531 i I
cilo ol oY Liadly W50 pu 1 o Jo (1) JKAI1 & dipnollS' (L Blovag C ito Jo Y] 59200 ¥ 3,315 Al> § faius
lgro plats of (Ko )l 51001 00n Jhosd 1 (o 081 Jo5 dagliall jamy - plo Ko - oty oy WY Bloxe

tds o3 Bglaall Loldl dlaoll (8 R = 0 canig 13] . 2SI
Z=1X, - Xcl
& Ll 5Ll . 330 Johte Lg) ) dldl Bglaall oY cdliaell dosdll Jo crdladl sl 1 bl L Likomtaol uBg
190 3,510 od
XL = XC liled ¥ sy sl o,

oentg -0 835 e (8L X Loty 33 A Wil w33 Xy, o Xy — X = 0 bl Jo Jsand! - @8Il & - Jgudl 109
OB = 4500 Hzf 35 Al ey Loisg (1) JKJ1 § 038)lgI L 9 C o S dailly ppoliadl o pis &40 (2) JS&JI
of 5ol &) 3000 Bl (31 335 gusl Xy = X ois pvad sl 0331 o 3llayy ol 0dd 3 T pad a8l

Lodis Ssuoy ) BB X = 1/27£C 9 Xy = 2L ol Logg

1ol 955 dod i lghag

L Jd )

(il 8358 s

f M e g pall (8l EY) S S i s

C==01pF,L==560pH; R, =5Q
FYIEUP - PEY (E Iy PN JLE Ry H P 1 EPERUNTY

st 305 T 8l ol g ey

1
fi=—
27r,prij
_ 1 e

2m,/50% 0,1

fr = 69kHerz

fe
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Magntic Circuit:  Apughliiall i) sal)
5 sing s ¢ prulaling (a4 (5 yma (Blaa s G 5ke (A5 A yeSll 5 lall LS Llle yins dpuplaliaall 3 yilal)
WS haline (3809 ity dpndaline S na 3 8 25 5 (UL ¢ il AS ja uSlad dailas g dpnhaline 4S jaa B8 Hlas
Apdlaal) AUSS Laiy A HeSI) 5 ylall da glial A81Sa dpundalizall 3 jilal) Axilas 5 (2 eS L 55 A HeSI) AS jaall 3 8l ol
A e e Al s | 4o sia J sy paatbline (5 (pa S3le 5 5l ) oS5 5 cla sal

& Azl 5l adady A Gl g dpelalinall Lnsll dsa s ¥ AlE JyguSle (il 8 8 i LS sl SAIL jaay

AS ) 358l () AUl Cany @S5 cle dalise akali ) bl Jlaall bghad Jidi il oanklina) (gl

-

Flex Denstiy: (omhlizal) Jlaall 305

b
B=7
B: abalinad) Jlaall 305
D: alalinal (il
A balinall alaiall dalie
(laliial) Jlaall 304 qual 22 1,2%10 7% Andaia dalisa g 39 6410 ™ 58 (prhaliiall (adl) o) Coale 13} 1) g
:Jad)

LA
= — = = *
B A 1.2x1072

rpghiial) JLl) g dskal oY)

1

*

N\ \ e eSS sa (sinusoidal Alternating current e 5elaais) emad) ogliiall Al 5l et 22 Sall ol
5 Sy aaaioll A 5eSh Allashl e SHSN L35 e GO 5l 50 Ll Llal 48lSe 3 iy o es JS5 dalatl Sy

B (e i) sead Wy s 0 |
(S50) 3¢l i o gl o3 s i 5l P e a as st -
e s £ Al g KN i 23 el 3eS Al s (Ba e e (128 08 s JaBS saul 5

sl i ag o5 e Aoag Jal et Gl Aiad a2 allall (J5 JS 08 3000 jeSh A0 Jal 2o 50l Ll aladied W) a5
i\v W\/\pu\sating Sl sl 66l Adaa . SIS CulS 4 1 B82 A 3 gn g 2 O gl La Ll Al o g allall 8 el 5SSl 2ol Al G0 jlat Alan .

\ - direct e Lal ) lmst oz gt G V) G el mlaae e padiadl Ll e Jasd ClS S 5eSH 5 e Aol of e el

—V = T Ges e AL JEb i 355 el ol SBULN Jlas Gl 8 Slmie il Al maald Ll o s ey e
alternating LSoA Aga e b HLEY) Aallaa g

SS15 (SN wave) s G pe s ]l s ol JSET S AN J el 8 50 e el a2 Ell el Ha . S5

B e e e L DT, ci 4 ma ] estos 1 EHe . 3 e 3 . " A% ek . o ;
sl Jhag gl 1 gy (a3 i YT e3a Fall Al (AC) S leald ) aadtian e Ulle 5 ey 4 AAL A pe pladiicd S 0 e ClEadadl) | ey 8

vl Sl 2eall A lete ol S LS i S (DC) s

o<l LAl e O el e d2eg 20 mldl LAl e ST paieedl Gl e laBed ST A e a2 I e Al peSH AR Jan 3 oo i) all aadien 1AL aed) el Las

s peSIl A gl dea a8 59 s S0 Cua Bulee gl LalaBl AGy ey aleds i jaieedt GLAN S0 W Le 138 5 1o By Sl ) 30 Sl Ll jae 3l 5eSH 8 el Ji oS g

Bale =gl s sl s Al sl e SV Al S eadl &8 Jsadl a g | eslalindl @30l 3 a8 sa g ace e el il e wiidal S0 Y () e Sl alaaills
A e s Jall G 1 Bauey Sl ) 4l GISAYL Jasg Lee S g3 LS 765-110 &LS Sy g ) 4nd o agig S 3 518 36-11 O

33 A s ) AdS sk el Sl gledll Jigats a g Sl il € il gledl Ji e LS i 5 paidl e sas ) ol el e 2

reall e dobaall 038 5 =l S5 a6 ja) caas Lebe paiedd) Ul e J geaadl 5 L sline | LS 2055 5 ) sall Jasladl 5 a5l o) Cua Sl 5 531 e 2 80 Jes gl Ll (3

Aladl ot 35 g1 A \giias
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+du AUl 5 adl) g Alled ,ual) 5,381 g Adladl) 5,481
L(S) A<l 3,8 i &y paUAY 5 Ha8Y) LY of

cal gilly (s 1305 ¢ SR L) 8 aend) i sl a5 Jenll 2K Al 5l 50 e i a
S A gl 13 5508 o ad el il SLS 500 s (Sl S s e ¢ (KVA) el < 8 LI i
138 (5 sben Jalal Ll & Sl Calall Gl hal e agall e dials o 6l asel <5 LS 500 & 4l
dea s 4l ) el Y oSl JloeS e Jsaall Y LN 5l AV Lals Y sl 0 i) a8
(A8 sa I Jsai 0 050 Jsmally et Al oSl A8l O (51 a5 i an A

1(P) Ml 5 a8l Ll
(P) hak 5, 1 @ S e b e bl d3gall 5ol e e (A
& Bl bysa gl mubiadl e sia 3 ysa 8 5l IS )
gl 30 Al s 8 L 3 aeall e Juala 4 ), i)
Do || e ¢ (KW) @5 sbsll 5 (W) sl Gl a5 ¢ bl 5 gl o
B Al laadl s Gl xS Sl 100 4538 g sie Sl eS rlias

$=/P2+ 2

;m!msoosq v cua ‘;A 2gall 2 pa Jala ‘:Jr. A.A}ms.a <ls 100 Lﬁjm el Hla
e ¢ poa a8 landl lldg el 0.45 = (100/(1%220)) 45 ol
§ 0 e L slel b s Sl 5 150 45,58 Fluadl o o s 8 30ass

ST e s deS Jary s ¢l 0.68 = (150/(1%220)) =

((Q)Alad il 8 ,all) ;WG
lilal) dlaiia 8 ASlgionall 5 jaill Dlied dadli 3,08 ) Jsai Of (550 (e Jaadl LSl 0155080 e i a
sh(Var) Db Qs a5 dS a ) aa i O 050 e LeSlgtion S paall (Y Allad je 5508 o diall IS el
QESSINB L) ds sas 262 An e o sl W a3 L 8 seall e Jala a5 ¢ (KVar) LIl

S o (SilSue Jad M s A (P ) Deolb b Jeons Kwh delu & 5 olislly Galss a5 jAdladl) 4BUal)
_3;1.;'4;\

(Q)J“‘)n-' L e KVar Hl oLSIl e oy -a.lh.é ) PETBA

Gl 8 LI a5 (S) b Ll ens Aoallall 50l Allad puall 5 Alledll 308l e X1 caladY) & senall oy
S=P+Q KVA

power factor 8 ) Jalza
(cos @) s (P.F) e b4l ey 538l Jalaa
(S) salal 581 / (P) i) 5 ,481) = (P.F) 5l Jalag

Construction of Transformer Js>-all s =
IR A £ 32 ASDE Sa Jsaall oS

Primary Winding ~/=Y) <Al -
Secondary Winding s 5l «alal) -

Core (sasaal) Al -
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Js Ak shlal) Alaliall EDLLY) Ca Oudla (e Cilsa g of 5oe 52 1 (Transformer) Sbossh) Jsaall oiu o

Wpiigs S al) il e (Bl Lades (1Y) ALy g A pally dad sall el ot <Adhiany Ablsay JaB Apisia Cibauiah
. 553 Calal) Jaall

: adlalads

- eSSt oStal ) el g5 Slal Cra Sy SilBlisal A 50 500N J85 -0

5 i a1 35gadl ) SULAN A ki iy Al La Sl 3seadls LR 0585 Letie 4515 (il 5341 g p38505 -

. Lgra Jalaill g Lgilid® Sy

Ay SN 3l B Ageashaling g gSH) 5 0 ake ks (il gSH) Joad) b aadies -1

g2 Al 120 3 sa il § 53¢l 038 JASS 358 o Jsaall A g ASIV) g A 5a Sl 5 3ga V) GulB) B addilS -t

- oaall
T Alas faua

Aadial) 548 dad ) O Ao el A enkliia g ¢Sl Giall s)a B 5B e St Jsaal) Jas Taia daday
. euhliiall (38a3)) 35 Jane g Lia sl Lealid anlins (Sl gSh) agadl) Al st

€ aieual) Ll Aalasi 3 s eSh Jsaall Jans W I3l 1
Ak gt (o 8S 24 I8 OSe B hal) (5 slen 5 S el LU Lickiliig Vi algr adeal) LAl G 1
. adesall e a3 Sal) Ll Jedadnl A 1) Gl Sanda Gpa 138 9 Caall

D SV gaall ) gd Al

o il e Sua s LA Jaas Jua s 092 JAT 5 G 51N Ga s e Oa Al st A3 JB3 oSy 451 (1

> il SAS 13) Siad L 3 | L3S § Aaldl) g) 4Sal o Saag ) 25 Laagl 4 {IPXTY - PSP >
2> LAl saaa OlS 1) Slad, LGl Al Jlad alllis 5 33 OSas Cuag agall uds Loy Aalaal T e oS (

o il A Cua e DY gadll (aual g

Step-up =8l ) &Y gaa -1
Step-down 4=dla &Y saa -2

N2 _V2_ 1 _ P2 0 — p. —
Ny Vi I N _P1*1OOA) Prose = P1= P
Note: 1) If P; = P, then efficiency is 100% (ideal).

2) If N; = N, then the voltages are equal.

3) If N, > Nj then the transformer is step-up and vice versa.
where N is number of turns.

Example: An electric transformer having a primary coil connected to AC voltage source with
240 volts. The electric device (the load), which is connected to the secondary coil works on AC
voltage 12 volts of 500 turns (number of primary coil turns). Find N, and what is the type of

this transformer?

. N V- 12 N
Solution: 2 =2 =—=—*%
N, V240 500

12%500
N, = = 25 turns
240

Example: If the internal power of a primary coil for an electric transformer was 220 Watt and
the dissipated power was 11 Watt, find the transformer efficiency.
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Solution: da plall s yoall — Ada)all 5 yoal) = A gaall 85 jaal) yilua

=E*1000/= 9*1000/=95(V
T=P, °= 220 ’ ’

Example: An ideal transformer has 800 turns for the primary coil and 200 turns for the
secondary coil and 40 A of flow current in the secondary coil. Find flow current in the primary
coil.

Lo, 200 _ 4

. N
Solution: 2 =2

= - I,=10A
N, I 800 40

Delta -Star transform 4xbgSl i gall Julad st (Y-A) <da — U Jygad
bas il s nodes Juadl ol oo sl pla¥l o) Cua s ylall 4808 AN (Aa8lSa AS0) o LAY aadiuy Jy gl
O skl G clailed) A8 duay (Glalaall) disad DA e Juai¥) Llis o] Jyoadll (8 &y Al S

Agiiall ol Baieall Cilasleall o) g s 5 momaa L Jysadll 5 ¢Sl SIS L o ol kY
O psii iy JS8 e ol Y JSE e W 0S8 ASeE (keS8 il anm) Lial 43 o8 (oY) 5S4l
oo Ledmi O 25 (s Al daglae gl 5l (Be) sl ) Jalall S0l Clsial Tl AT ) S5 (e Ll sy
O gl i 4y el Nl il e goma Y Jasatl) 1 Jie o) i el mly ) Jasaill Ay eSU 5 il
Slo Gelaall agall 353 i s palall Jalall Ll 3aS Glld Cany iy (15 6o 5ol SN (A sliall) Aaslaall e i
Jalaill dalic lelead 300 (lapdl) 98 dosadll (p Gomadl Aledll 3l jeSh) 3 ol ol i o Cayk
() sie o Ayl sie Clailan (M) Lely ga Lal) ol jeSll (8 dalie W) (il sl ol
Al ) DA Claileall o A (e (D saall JSEI 8) saaall Cilailaall af Cluial ey ¢ oaaly I Jy sl
O) s S8 el Apwaally e Al S 1), ) dlia s Slgas luaall Jaad S Jsat e SIS Jae ) st Lay
Co g JSED 138 Basaall Cilailaall a8 Clutal s elle Lo JS (Jasaill aie 206 85 o gas s 23405 (<l k) Lol el

Jpadll b ade Jaa
N3
Ay R,
M d) A s d ) Ga el
Wby ) ) Moy e Jagadll Lal R.R
bile
1= ———
r — FaRs+ RoRs + RsRy R, + Ry + R,
“ R, '
R, — RiRy + RoR3 + RaRy R, = R.R.
b RQ | R(I+Rb+Rl'.
R — RRy + RaR3 + R3R,
‘ Ry ' 32 R.R,

Ry
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d)\AL’\AD JMY\:\L&;U&_}M s(%»)&}mﬁdﬁg\@b)@\ﬁj\ﬂ\ aﬁweﬁu,ﬁc Lia JaaY
il LA\ JUM d;\};ﬁ e.liﬁ.u\

Example: Calculate the equivalent resistance between the terminals A Jlo

and B in the network shown in Figure. i Lo cao | 0 4
Solution: The given circuit can be redrawn as shown in Figure. When ?

the delta BCD is converted to its equivalent star, the circuit becomes o

as shown in Figure. (@)

Each arm of the delta has a resistance of 10Q2. Hence, 10 v

each arm of the equivalent star has a resistance = 10 x . t 0 ¢ 10 TR

10/30 = 10/3Q. As seen, there are two parallel paths W W——D © M ,@/D
between points A and N, each having a resistance of o 310 103 g 108
(10 + 10/3) = 40/3Q. Their combined resistance is I—BO 103
20/3 Q. Hence, Rag = (20/3) + 10/3 = 10Q. ® @8

Example: Find the input resistance of the circuit between the points Aand 4 . ¢

B of Figure. 4 q
Solution: For finding Rag, we will convert the delta CDE into its Dl —F
equivalent star as shown in Figure below. Res = 8 x 4/18 = 16/9 Q; Rgs, = ’ 4
8 x 6/18 =24/9 Q; Rps = 6 x 4/18 = 12/9 Q. The two parallel resistances ~ @)
between S and B can be reduced to a single resistance of 35/9 Q.

Rag =4 + (16/9) + (35/9) = 87/9 Q. 4 :

O by
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Uidan s dgall Ealial odlef oy 52 Ui Adlan & 2l 038 Jlatiad (3 )k e

Vo=IR OV =IX Vo =1X

V, = (R +(1X -1X,)
V :l'iR;Jr(XL_X-; ):
V. =1xZ where: Z= ‘,R" +(X -X.)

The Impedance Triangle for a Series RLC Circuit

Xi

ZE = Rj + (X = X, ):

X=X - X

Impedance, Z = JRE+[U_)L- 1 ‘

wC

where; w is the angular frequency.

R . X -X X - X
=" = : 1 = .
COS0 7 S|n¢ 7 and) R

Example: A series RLC circuit containing a resistance of R =120 L=015H  C = 100uF

12Q), an inductance of 0.15H and a capacitor of 100uF are "\/\/\/‘ IYYNA—}—

connected in series across a 100V, 50Hz supply. Calculate

the total circuit impedance, the circuits current, power factor

and draw the voltage phasor diagram.

Solution:

Inductive Reactance, X,.

X =2nfL = 2nx50x0.15 = 47.13Q

Capacitive Reactance, Xc.

1 1

= = = 31.830
© 2rnfC 27450x100x10
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Circuit Impedance, Z.

Z= R (XX

Z = 12" +{47.13-31.83)
Z= J144+238 = 19.40

Circuits Current, I.

_ V. _ 100 _
[ = > ~ 194 = 5.14Amps

Voltages across the Series RLC Circuit, Vg, V|, V.

V., = IxR = 5.14x12 = 61.7 volts
V= IxX

L

5.14x47.13 = 242.2 volts

Ve = Ix X

5.14x31.8 = 163.5 volts

Circuits Power factor and Phase Angle, 6.

R 12
cosy = — = — = 0.619
¢ Z 19.4
.. cos ' 0.619 = 51.8° lagging
Phasor Diagram.
V. = 242V
A
_ 400 v = v - v
Ns V =242 -163.5
)¢=51.8° V = 78.5V
Vi = 62V i
\ |
Ve = 163.5V
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