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A positive value for power indicates that

power is being absorbed (or consumed by)
the circuit element.

A negative value indicates that power is
being extracted from (or generated by) a
circuit element (such as a battery).
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M Symbol

Symbols we knew

Ground: electrical
and electronic
systems are
grounded for
reference and safety
purposes.

Grounds at different
points are the same
ground.
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(a)

A single-subscript notation can be
used that provides the voltage at a
point with respect to ground.

Double-Subscript Notation: the
voltage V,, is the voltage at
point a with respect to point b




‘ Series connection

= [Two elements are In R, R, R;

series if a —MA——AMWN—WA—
10 () oG 100 ()

1. They have only one Ry
terminal in common b e

2. The common point . ’
between the two points is =W AMA—e
not connected to another g | e
current-carrying element. Ry 2200




The total resistance of a series circuit is the sum of the resistance levels. In
general, to find the total resistance of N resistors in series, the following

equation is applied:

| E
s — o | (amperes, A)
RT
(volts, V)
V 2
P=VI = |12R1 = 1| (watts, W)
Rl
I:)consumed = Pl t I:)2 t P3 T I:)N
I:)generated =ElI (WattS’ W)
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R,

B

- Circuit equivalent

In any closed electric
circuit, the amount of power
that is generated must be
equal to the amount that is
absorbed.

+
§RT= .Ir'f| + R\-



Power Distribution in Series
q Circuit

In any electrical system, the power applied will equal the power
dissipated or absorbed.

For any series circuit, such as that in Fig. 5.21, the power applied by
the dc supply must equal that dissipated by the resistive elements.
In a series configuration, maximum power is delivered to the
largest resistor.

| Kf\ » In equation form,
Py :‘PRI + 5 + P

I (T = Ry R - The power delivered by the supply:
. — - P.=EI, (watts, W)

- L - The power dissipated by R,
FIG. 5.21 Power distribution in a VP

. o P =VI =I'R = (watts, W)
Series circult. R,




| Expl. Find the total resistance of figure.

ez 7, R,
d
Vi Wy Wy
4.7kQ (kg oo
i o §1 kQ
R, -
" 5
. Wy
1 kQ

R4§1kﬂ

R, R3 R,
da
. MY My AN
4.7 kQ) 2.2 ) 1 kO
—_—
Rt
Rs
. M
1 kO

R; = R;+R,+R;+R,+R: = 4.7kQ +1kQ +2.2kQ+1kQ +1kQ

= 9.9 (kQ)



Exp2. (a). Find the total resistance for the series circuit in the Figure.
(b). Calculate the source current 1.
(c). Calculate the voltages V4, V,, and V.
(d). Calculate the power dissipated by R;, R,, and R,.
(e). Determine the power delivered by the source, and compare it to

the sum of the power levels of part (d). iy
(@ Rr=R; * R, *R; =2Q +1Q +5Q =8Q ||}~ Rlvf_?u
(b)1, =R—:ﬂ—25A E+__—__20V
T s ?
(c)V;=1R;=(2.5A)(2Q2) =5V R;=50)
V, = |R2 (2 5A)(1Q) = 2.5V L _’\{YV+
V;=1R;=(2.5A)(5Q) = 12.5V )

(d) P, =V, 1.= (5V)(2.5A) = 12.5W
P, =V,l. = (2.5V)(2.5A) = 6.25 W
P, =V,l, = (12.5V)(2.5A) = 31.25 W

(€) Py = E1 = (20V)(2.5A) = 50W
Paet =Py + P, + Py
S0W = 12.5W + 6.25W + 31.25W




Voltage source in series

= Voltage sources can be connected in series to increase or
decrease the total voltage applied to a system.

= The net voltage is determined simply by summing the
sources with the same polarity and subtracting the total of
the sources with the opposite polarity.

= The net polarity is the polarity of the larger sum.
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Er=E, +E,—E, =9V +3V -4V =8V




* We can define the following terms for circuits:

Node: a point at which two or more circuit elements have a common connection.
Branch: a circuit element or connected group of elements; a branch usually
connects nodes together.

Path: a connected group of circuit elements in which none is repeated.

Closed path: a path that starts and ends at the same node.

Clock-wise
direction
+ Vi - + Vo -
CP3 Circuit Circuit
Element Element
CP1 CPZ/
; Circuit ; Circuit ; Circuit
3| Element 4| Element | Element

N A

CP1: -v3+v, +v, =40
CP2: -vitvs+Vv:=0
CP3: vyt v+ Vv, + v =0

N A

KVL fer_each closed path is:




M Kirchhoff's voltage law

Kirchhoft’s voltage law (K'VL) states that algebraic
sum of the potential rises and drops around a closed

path (or closed loop) Is zero: N
> v() =0

n=1

where v, (t) stands for a voltage drop, and there are N

voltage drops assigned around the closed path.

A closed path/loop is any continuous 10
path that leaves a point in one AV
direction and returns to that same point ’ VR_
from another direction without leaving
the circuit.

The sign for each voltage change is the first L +V_S

sign encountered when moving around the
closed path. 6V



Three ways to write KVL equations

F- The sign for each voltage change a . ,\x\' b
— is the first sign encountered when 'p—> P : !
' moving around the closed path. ! T
-E+V,+V,=0 . +
o = KVL | R 2V,
= Give positive sign when proceed - _
from negative to positive potential,
give negative sign wen proceed L
from positive to negative potential. g

E-V, - V,=0

= The sum of voltage rises around a
closed path will equal to the sum

of voltage drops.
E=V,+V,



Exp3: Determine the unknown voltages for the
networks.

R, R,

|
-E,+V;+V,+E,=0 Wy A
+ +
V,=E-V,-E, E, =16V E,—9V
=16V -4.2V -9V . -
= 2.8V
El'vl'VZ'Ezzo E1=V1+V2+E2=O
V,=E-V,-E, Vi =E—-V,-E,
=16V - 4.2V -9V =16V —-4.2V -9V
= 2.8V = 2.8V




Exp4: Determine the unknown voltages for the
networks.

+ 12V - + 6V -
R, R,
+
Tl CPY ' 4
E=-3pV V., [CH1 H3§14V

V,=E -V,
=32V - 12V
= 20V




networks.

Exp5: Determine the unknown voltages for the

KVL @ CP1 a
- 23V +V,-15V =0 +
V, =40V 25V =
KVL @ CP2 a%

No current, but KVL still apply.




Exp9: Determine the unknown voltages for the

networks.
+ 40V —

[
+
—60V| CP V,

L :I 6V + 14V +V, — 2V =0

- + 30V -
V,=-6V-14V + 2V

— 60V +40V +V, -30V=0 =18V

6V +14V -V, -2V =0

N

+

V, = 60V — 40V + 30V
= 50V
VX

6V + 14V - 2V
18V




Exp6: a. Determine V, using Kirchhoff’s voltage law.
b. Determine |.
c. Find R; and R,.

la. KVL@ CP

E-V;-V,-V,;=0
or E=V,+V,+V,
V,=E-V,;-V;=54V-18V -15V =21V

p. 1=2 AV _3p e
R, 7 Q R
EEmsev [ cp
R,
AW




Apply KVL to series resistor network to find
equivalent resistance

+ ‘/l o + ‘/2 T + ‘/3 T
[x Rl ]5' R2 ].s R3
e —_—
g VY MWy MV I

Rp 10 2 30 Q) 100 )
.
E g 8.4V
. CP
U 2
KVL @ the network

-E+V,;+V,+V,;=0

Ohm’s law to each resistor
E+IR,+IR,+IR;=0 E=I(R; +R;+R;)

Rr== =R, +R, + R,



M Voltage Divider Rule

This rule is used to calculate the voltage
across any single resistor connected in a
series of resistors.

* Recall the equivalent resistance for
resistors in series:

— E —_— "
« Consider finding V, in the series circuit shown below:
V, = IR,

E E
Rr R, +R,

V, = IR, = £ R, =E R,
272 " \Ry+R,) % "\RL+R,

I =




 This same analysis can be used to find V,:

V1=E< Ry )}4— R, as a fraction of
2

the total resistance
in the series

- In general, if a circuit contains N resistors in series,
the voltage across any one of the resistors R; Is:

Note: we don’t need to know the current, |
only need to know total input voltage.

In other words, in a series resistive circuit, the V1 R1
larger the resistance, the more of the applied =
voltage it will capture. V>, R,




Expll: Determine V, , V,and V..

—+

V1 — ZOV

(6&2 +30+ m) =12(V)

|+

%
I




Expl2: Using the voltage divider rule, determine the
voltages V,, V; and V' for the series circuit.

_|_
_|_
R, < 2K
-
_|_
E_:_-”-lﬁv R, 5 kLl
_|_
R3§Skﬂ V3

s

_R'E  (2kQ+5kQ)(45V)  (7TkQ)(45V)
R, 15kQ - 15kQ

VI

21V




Expl3: Find the resistor values of R, and R, to have

V_T_1 = 4Vg,.
I
20V
R, == =2V 540 i
I 4mA ‘ 4 mA __
SinceV,, =4V, 3 R, ‘*"RJ
R, =4R, E =m0V ;
Thus R, =R, +R, =4R, + R, =5R, s R v
and 5R, =5kQ : _RE
R, =1kQ s e
and R, =4R, =4 kQ




M Interchanging Series Elements

| . ..
The elements of a series circuit can be

Interchanged without affecting the total
resistance, current, or power to each
element.

10 £ 50 10 () 20 ()

Wy Wy e WH%

[ I R R, ! |
_|_

E==/—175V R g 20012 ‘r'*'__"_ I3V




Expl4: Determine | and the voltage across the 7-Q

resistor o ' e i
M1l
fT' TZ.SV
\
i =
4 ()
+ MNA
40
AWy
_;llﬁ‘l-"
+
+
:_—54]\-’




Expl5: a. Calculate V.

b. Determine V,, Ve -
R R,
c. Calculate V.. Y % AMA
20) 30
-A c. V. = ground potential = 0V !
I"'r.l':-
=

b. Voltage divider rule;
V.=V, +V, = B FIRG)IE
2 : R,
~ (B +50)@1ov)
- 100 -
or V,=V,-V, =E-V,
=10V -2V =8V

8V




Ideal Voltage Sources vs.
Non-ideal Voltage Sources

?

When you connect any resistors to the power supply,
it is called load.

In the ideal condition, the output of the voltage
source is a constant number no matter what load you

have.

+01V_ +086V_ +128V_
Riy I, =20 mA Ry [; =191.43 mA Ry [} =27534 mA
] 5Q l o ]

+ + + + i +
E gzm Vv R, =1k0) §1-’L:2w R 2 = 100 ) §1_-"Lx 1914V ' E _T__ZO.I \' R; =68 () g"'ﬁ 1872V
—y Il = = = Il:m

(a) (b) (c)



Ideal voltage source: no v
internal resistance and an
output voltage of £ volts A
with no load or full load : | ™

No-ideal voltage source: ” _§
every daily used voltage 5
source, such as generator, -
battery, or laboratory
supply, has internal
resistance
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—W—a-
I, =0A
=+
=/ '
1=}

H‘l‘l
M bo o
r‘ . L]
#* f” "
f = R 2V
I

L J

Full-load (FL) condition,
|, =maximum current the supply
can provide in continuous base.

AV,

Rint = AL

The larger the internal resistance, the
steeper is the drop in voltage with an

A,

increase in current.



‘ Voltage regulation

For ideal conditions, V¢, =V,
VR% = 0.

Vi
Vir

11-"'L

Eldcal characteristic




Expl6: a. Calculate the voltage regulation of the supply
b. Determine the internal resistance.
c. sketch the equivalent circuit for the supply.

V —
o VR% = ———= x 100%
(V) 120V - rl
e 200V — 118V < 100% — 179
| : 118V o
0 »
0 10A :(IFL) I
e AV, 120V-118V_
O’\{)V{\) = Rine = Al; ~ 10A4-04 =0.20)




