Series Circuilt

5.2 SERIES CIRCUITS

Two elements are in series if;

1- They have only one terminal in common
2- The common point between them is not connected to another current

carrying element.

In the circuit E, R; and R, are in series.

All elements in the circuit are in series; =
Series Circuit

The current is the same through series
elements.

A branch of a circuit is any portion of the
circuit having one or more elements in
series.
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(a) Series circuit




R, and R, are not in series because at point (b) the
common between them is connected to R; which
carries a current

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

RTZR]+R3+R3++RN (OhlnS_.,Q)

If R1: R2: R3: e RN =R —
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FIG. 5.5

Resistance “seen” by source.




Once Rt is known the circuit can be replaced
by the one shown: and then

[ = — (amperes, A)

E is fixed: = I depends on Rs.

V]_:IS'R]_ VZZIS.RZQ""
P1:V1'11:If'R1:_ ......

Pyey = E - I

The total power delivered to a resistive
circuit is equal to the total power dissipated
by the resistive elements.
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FIG. 5.6
Replacing the series resistors R, and R, of
Fig. 5.5 with the total resistance.




EXAMPLE 5.1

o @

a0

Find the total resistance for the series circuit of Fig. 5.7.

Calculate the source curent ..
Determine the voltages Vi, V5. and V3.

Calculate the power dissipated by R;, R,. and R;.
Determine the power delivered by the source, and compare it to the

sum of the power levels of part (d).

Solutions:

a. Rr =R, + R, +R;=20+10+50=8(

b.

o

I, = E _ 20V _ 554

Ry 80
V,=IR, = (25A)20) =5V
Vy,=1IR, = (25A)(1Q) =25V
V;=1IR; = (25A)5Q0) =125V

Pi=T=(3V)25A)=125W
P, =I3R, = (25A)%(1 Q) =625W
Py =TV3i/Ry = (125V)¥/5Q = 31.25W

Py =EI=(20V)25A)=50W
PdE1:PL+P2‘|—P3

S50 W =125W + 625W + 31.25W
50 W =50W (checks)
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EXAMPLE 5.2 Determine Ry. I. and ¥, for the circuit of Fig. 5.8. A AN
I Ri=7Q Ry=4Q
Solution: Note the current direction as established by the battery v[ : ?
and the polarity of the voltage drops across R, as determined by the cur- E_ L v 2 <0
rent direction. Since R; = R; = R,. —__"R—.. =
T
Rr=NR, +R=03)7M)+40=210+40=250Q I Ry 1}
I:E::SO\-:ZA - 70
Rr 250
Vy=IR,=(2A)4Q)=8V
40
EXAMPLE 5.3 Given Ry and I, calculate R; and E for the circuit of ANV ANV
Fig. 5.9. R, R
Solution: g O R, 2 6k0

Rr=R, +R, + R;
12kQ =R, + 4kQ + 6 kQ

R; =12k — 10kQ =2 kQ

E=IR;,=(6X10°A)12X10°Q) =72V




5.3 VOLTAGE SOURCES IN SERIES

Voltage sources can be connected in series to I B & _Erp
Increase or decrease the total voltage applied: —_|qu| || — ] —
10V 6V 2V 18V

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

E;=E +E+E=10V+6V+2V=18V

the opposite polarity. I f:- fﬂ- gfr
— |—|_ — —— =
Net polarity = polarity of the larger sum. AV 9V 3V 8V

Er=E+E —E =9V+3V -4V =8V




5.4 KIRCHHOFF’S VOLTAGE LAW

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

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

(Kirchhoft’s voltage law

Sor=0 | .
c V=0 in symbolic form)

The applied voltage of a series circuit equals
the sum of the voltage drops across the series
elements:

2 Vrisres - zf_ﬁ Ifd:rl::-ps.
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abcda = closed loop

®

+E_V1_V2=O=>E=V1+V2




The application of Kirchhoff’s voltage law a b

o | —0

need not follow a path that includes current- '
carrying elements. ____m,(-) L .
+12V -V, -8V =0= V, =4V o

FIG. 5.13
Demonstration that a voltage can exist be-
tween two points not connected by a current-
carrying conductor.




EXAMPLE 5.4 Determine the unknown voltages for the networks of the Figures.

Application of Kirchhoff’s voltage law in + 7, — 42V -
clockwise direction results in: ‘\i}\ %
+E1_V1_V2_E2 =O
V1=E1_V2_Ez=0 E,™== 16V E,™=09Y
V, =16V — 4.2V — 9V = 2.8V
(a)
1- E-V,-V,=0= —1}2{\-—* +?r_
—_ _ — _ — 1 2
V. =E—=V, =32V =12V = 20V Ay o AV
or N
E===" 321\ Vy R3§ 14%
2' VX‘ - Vz - V3 — O —r -
Ve =V, +V; =6V 4+ 14V = 20V 5




EXAMPLE 5.5 Find 77 and 7, for the network of Fig. 5.15. g y 5
Solution: For path 1, starting at point @ in a clockwise direction: .
V== [, \ =15V
+25V -7, 415V =0 o Lol
\‘. 1!
and VFi=40V a6
_|_
For path 2, starting at point @ in a clockwise direction: /7 "
2
I.\ - !J I'f_‘
—V, =20V =20 Mo’ )
and V,=—-20V | —
The minus sign simply indicates that the actual polarities of the poten- 20V
tial difference are opposite the assumed polarity indicated in Fig. 5.15.

5.5 INTERCHANGING SERIES ELEMENTS

The elements of a series circuit can be interchanged without affecting the total
resistance, current, or power to each element.




5.6 VOLTAGE DIVIDER RULE

In a series circuit;

magnitude of the resistance levels.

the voltage across the resistive elements will divide as the

R1=2R2 - V1=2V2 .
R1§6Q 12+\* RZOMO 12V
R2:3R3 - V2:3V3 - -
N +
E===120V RZ30 6V T 20V REIMO 6V
The current | change by - B
the values of R’s, but the wZ10 v B30
voltage remain the same. 5 - -
I =
R, = 1000 R, = V; = 1000 V5 .
R]_ — 1000OR3 - V]_ — 1000OV3 R, gl MO vy >>V,or Vs
E 100
I'= Ry 1001100 99.89 uA =100V R3§1 k) ;E = 107,
V; = IR, =99.89V o S0 7,
V, = IR, = 99.89 mV .

Vs = IR; = 9.989 mV

Rl == Rz or R3




Rr=R;+R, = I=£

_ _ Ep _ R Ry §
Vi =1R; = RTR =z i R, <7,
_ _ Ep _Ra, —
V, =IR, = RTRZ R, E £ —
In General: R¢§Iﬂ.

V. =IR, = g—x - E (Voltage Divider Rule)

T
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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.

QOETV) 4V _ 10 20 30
40+2Q0+3Q 9 - Wy W—o—MWy—---

o =




+ 7, -
EXAMPLE 5.10 Determine the voltage J; for the network of Fig. 20 0) 60 O
5.27. Wy Wy
R R,

Solution: Eq. (5.10): |

RE _ RE _ (20Q)64V) _ 1280V
Rr R +R 200+60Q 80

=16V

I"rl -

EXAMPLE 5.11 Using the voltage divider rule, determine the voltages
V, and I for the series circuit of Fig. 5.28.

Solution:
p oo RE (2 k)45 V) _ Qk)5V)
YOR, 2kQ+5kQ + 8kQ 15 kQ
_ X100 9Es5V) _ 90V _
15 X 10° Q 15
o RE _ (38 kQ)45V) _ (8 X 10° D)(45V)
R, 15 kQ 15 X 10° Q
_ 360V Ly
15

RE _ QkQ+5k0)@A5V) _ (TkQ)E5V)

R, 15 kO s Y

V=

= 45V R, §5 k()




5./ NOTATION

Voltage Sources and Ground:

, g AV :
0V 7 i
| [ ]
- ___E g R,
FIG. 5.31
Ground potential. ‘L ‘—IJ sc
R, &
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(c)




o+12V

(b)

o5V

(a)

(b)




Double-Subscript Notation

Voltage is always across (between) two points resulted in a double —subscript
notation that defines the first subscript as the higher potential

Vb Vb

+ a _ _ n
——W— o—MN—0——
7 R a R b 7
Vap = 1) Fap = )

(a) (b)
FIG. 5.36

Defining the sign for double-subscript notation.

The double-subscript notation V,, specifies point “a” as the higher potential. If
this is not the case, a negative sign must be associated with the magnitude of V.

The voltage V,, is the voltage at point “a” with respect to (w.r.t.) point “b”.



Single-Subscript Notation:

If one of the point is specified as ground (reference) then a single subscript is
employed, that provide the voltage with respect to ground.

If the voltage Is less than zero volts, a negative sign must be associated with the
magnitude of V, .

In general: Va Vp
V.=V —V, a + m + b
ab a b
E=10V=—==— 10V AV § 40
T =V, =V, =10V —4V ) )
=6V = =




