First Class/ Lecture Two

Circuit Transformations

Series Circuits: Two elements are in series if they have only one point in

common that is not connected to other current carrying elements of the network.

For the series circuit shown, using KVL, we have: R, R,
Lo A AAA
E=V1+V2+V3 +4¢— - + 4— -

n V3 V2 +
= IRy + IR, + IR; = I(R, + R, + Ry) L VgT SRs
=IRT as RT=(R1+R2+R3) —>
E Rr
S ] = —
Rt

In general. For a series circuit consisting N resistors, then the total resistance of

such circuit, Rrisgivenas: Ry = R; + R, + R; + - Ry

Example: For the circuit shown; - -
EXample | %\/\29 R,=1Q

1) Find the total resistance +<V—- + — -

n 1 Vz +
2) Calculate the current | E— V?’T §R3
. 20V
3) Determine the voltages V;, V, and V; ':R> -] 5Q
T
Solution: 1) R = R; + R, + R;
=2+1+5=80Q

N ===2=254
Ry 8

3) V, = IR, = (2.5)(2) = 5V
V, =R, = (2.5)(1) = 2.5V

Vs = IRs = (2.5)(5) = 12.5V
Note: V, +V, + V; = E

5+ 25+ 125 =20V
s 20V =20V



Voltage Sources in Series:
The net voltages will the algebraic sum of all sources that are connected in series.

Example: Ey, _E, _Es _Er,
e
10V 6V 2V 18V

Er=E+E,+E;
=10+6+2 =18V
Voltage Divider Rule: Consider the series circuit shown
We have: Ry = Ry + R, |

d] = —
an -
Vi

—> 4+
\“AA%
0

2

E
Vi=1R; = (R_T) X Ry T,

—> +
_E.R, " V2T§R2
=X
Similarly
E
Vz - IR2 - (R_T) X RZ
_E.R,
=X
Hence, we can write;
E.R .
Vy = R—X Voltage divider rule
T

This means that the voltage divider rule can be understood to state that:

The voltage across a resistor in a series circuit is equal to the value of that
resistor times the total applied voltage across the series elements divided by

the total resistance of the series elements.




Example: Determine the voltages V,, Vs and V' for the circuit shown;

Solution: Using the voltage divider rule: '_,

_E.R
1= RT

(45).(2 x 103) o

=(2+5+8)X103= E= 45V _T

s _ERs

(45).(8 x 103)

24V

T (2+5+8)x103

E.R
Ry

_ (45).(7x10%

 (2+5+8)x103

Notethat E=V;+V
45 =24+ 21
45V = 45V

V= WhereR = (2+5) x 103 =7 x 103Q

21V

Ground Potential

It is common, for safety purposes and as a reference to ground electrical and

electronic systems. The symbol for the ground connection is:

ik

With its defined potential level (Zero volts). As a consequence, the circuit might

need to be redrawn in the ordinary form so as to be analyzed.



Example: For the circuit shown; with ground potential connected for the source

and to elements; this circuit can be redrawn to make it easy analyzing it.
[

l_'
E_;T §R1 B VlTéRl

ERZ v, f%Rz
‘ :
= = —

Example: Using the voltage divider rule, determine the voltages V; and V, for the
circuit shown: E= +24V

Solution:

Redrawing the circuit, with the standard battery symbol then the circuit will be as
|

shown below. ‘_.

+| 24V

] Ro=2Q % v,

R1= 4€ ;Vl




E.R, 24X4

E.R, 24X2
and V, = R, ~4F2 =8V
E=V1+V2
E=16+8
24V = 24V

Example: Using the voltage divider rule, determine the voltages V4, and Vg, and Vy,
for the circuit shown: E, +35V

Ro 25Q Vab

Veb R1 >20Q

N C
Ex -19V

Solution: The circuit redrawn as shown: * a N

_Ey+E,  19+35

~ Rr  20+25 1.24 R, §25s2 Vb
Vab = IRZ = (12)(25) = 30V E, _:_3_5V b

and V, = =V = =V, - 00
= —IR, = —(1.2)(20) = —24V
V, = —E, =-19V +

E1—+_— 19V




Internal Resistance of VVoltage Sources:

Rin
e — — NN\ _To
||_: 0
4+
p—— E %RL E—— V= E E
Ideal voltage source Actual voltage source
(at no load)

(1) @)

- Applying KVL on Figure 3): E —IL,R;,, =V, =0
- Applying KVL on Figure (2): E = Vy,.
Subtitling, then: Vy, — I, R;, —V, =0
V= Vn — ILRin

Parallel Circuits:

Sty
— Vi %RL
o

@)

Actual source
(Connected to load Ry)

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

common.
For the parallel circuits shown; using KCL, we have:

A 4

I=11+12+13

|41 V2 V3
= =4 =4 — +
R, R, Rs E—l

Since V, =V, =V;=E=V R
Vo,V ':T>

v
fl= gty

3

R, ' R3
|4 1 1 1
&R TR TR
1_ 1,101
&R TR TR

In general, for N resistors connected in parallel, then:




Notation: Conductance (G)
For parallel networks, it is common to use the idea of conductance in the circuit
analysis. The conductance (G) is defined as:

1
G = R Siemens (S5)

So, we can write the total conductance G+ for the parallel circuit shown as;

GT261+G2+G3 e
T Gy —> Gl% Gz§ G3§
@

Note that, the total resistance Ry of parallel resistaors is always less than the value
of the smallest resistor.
Special Cases:

The general relation for the total resistance of parallel resistors as:
1 1 N 1 N 1 N 1
Rr Ry R, Rs Ry

Casel: For equal resistors in parallel, ie when:

SR =—
"N
Case2:For Two resistors in parallel, then Rt is given as;
R,R
RT — 12
R, + R,

This means, that the total resistors of Two parallel resistors is the product of the
Two divided by their sum.
Case3: For Three resistors in parallel, then R+ is given as;

RiRyR;

R, =
T R,R,+R,R; + R,R.

7



Example: Determine the total resistnce for the circuit shown:

4Q 5

°
Rt
—>
o
Solution:
1 1 1 1

Example: For the parallel network shown;

1) Calculate Ry
2) Determine I+
3) Calculate I, and 1,

4) Determine the power to each resistive load

5) Determine the power delivered by the source and compare it with the

dissipated by the resistive elements.

Solution:
1)

R,R,  (9)(18) 162

R+ = = =
T"R,+R, 9+18 27
I—E—27—45A
"R 6 7

v, E 27
11=—=—=—=

R, R, 9

V., E 27

L=—=—=—=1.54
"R, R, 18

= 6()

v

F—H

27V |

A 4

y
§R1=9Q

§R2=18 Q




Note that

Ir =1 + 1,

P, =LV, =ELL = (27)(3) = 81W

P, = LV, = ELl, = (27)(1.5) = 40.5W

P, = El; = (27)(4.5) = 121.5W

Or P,=P+P,=81+405=121.5W

Note that the power dissipated by the resistors R; and R, equals to the power
dilivered by the source E.

Current Divider Rule:
Consider the parallel circuit shown; we have;

L=2 ov=1Ir !
2 =5 >V =IRyp o >
RT + |1 |2
T — RlRZ +V7 R
R,+R
) zV S v - %Rl %Rz
=— =T _Ri+Ry T ) )
but 11 N Rq Ry Rq :> ‘
| | R, °
= X
1 R, +R,

Similarly, for I,, we have:

RyR,
V  IRg R, +R,
12 = — = =]
R, R R;
R,




Example: Determine the current I, for the network shown:

|'|': 6A |2
.

; gl

Ry §4kg R, §8kg

Solution:
- [
Ry
L =1———
27 TR, +R,
6 4% 103 6 x 4 24
= X = _— =
(4+8)><103 4+ 8

Example: Find the current I, for the network shown:

I+ =42mA
—

|11
R1 §6Q Rz§ 24Q R §24g

Solution:
Ry
L =1, —
1 T Rl
_ RiR;R;
" RR,+RiR; + R,R;

Rt

ol 1 1 1 1 1 1
"Ry R, R, R; 6 24 24
“ Ry = 4Q

4
Wl =42%x1073 A 28 x 1073 = 28mA
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Voltage Sources in Parallel: To increase the current rating of the sources, two or

more batteries in parallel of the same terminal voltage would be used.

I, Is Is
| T
-+ 4 -+
E,—— E,—— —> E——
" Tiav * T 12v -l12v
EZ = E1 == E and IS - 11 + Iz

Open and short Circuits:

We often need to apply open and short circuits in the analysis for electric networks.

Open Circuit: An open circuit is simply two isolated terminals not connected by an

element of any kind.
Consider the circuit shown with open circuit terminals (a) and (b).

R =0
AMA__ —>

®a
+
4+
= Var = E
o b

Vopen circuit=Voc = Vap = E

Since | in the open circuit =0

In general: An open circuit can have a potential difference (voltage) across its
terminals but the current is always ZERO

11



Short Circuit: An open circuit is direct connection of zero ohms across an element
or a combination of elements.

Consider the circuit shown with short circuit across the resistor R,.

I, R _
lr, =0 l Isc +
E -T R2 Vs.=0
- -
I, =1y =— since Ir, =0
Ry

Vshort circuit = Vs.c = 0
In general: A short circuit can carry a current of any level, but the potential

difference (voltage) across its terminals is always ZERO.

Example: For the network shown, determine V.

R1 R> I
MA_ AMA_—> ¢4
2kQ 4Q +
+
v
5= 20v ®

Solution: We have an open circuit across the terminal (a) and (b), the
[=0=>V,=0andV, =0
Applying KVL = V), = E = 20V

12



Example: Calculate I and V for the circuit shown;

—
+ V
R, R,
AAA AAA
5kQ 10kQ
+
E "= 13v

When we have a short circuit across R,

Therefore, No current through R,
The circuit can be redrawn to be as shown;

I
—

.l.

R;=5kQ % vV

E E 18

| = — = =
R, R, +0 5kQ

= 3.6mA

~V=IR, =E =18V
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