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5.2 Series Resistors

a. In Fig. 5.4, one terminal of resistor R2 is connected to resistor R1 on one side, and the
remaining terminal is connected to resistor R3 on the other side, resulting in one, and
only one, (one point) connection between adjoining resistors. When connected in this
manner, the resistors have established a series connection. If three elements were
connected to the same point, as shown in Fig. 5.5, there would not be a series connection
between resistors R1 and R2. x? N L

Re 9.7

N / ]Q )/1/
b e Q\. A 4

FIG. 5.4 FIG. 5.5

, ) , Configuration in which none of the resistors are in
Series connection of resistors. C oo ~—  ——

b. The total resistance of a series configuration is t i levels

..... +Ry, Ohm (Q) G\\,ey\;cé_(lo)

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

M
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20 2201 \200+£65D

= HJouvo L
Example 5.1 : Determine the(total resistance of the series . R, R,
connectionin Fig 5.6. —Wy Wy 2

00  200@ y =10
—
@ 11@ 12k
Solution: : & R, ?ﬂ"";i
(-}
#/0416’—(1, . AWy GEXIZ i
R,=R,+R,+R; +R, 225 P goe
R,=200Q +220Q +1.2kQ +5.6 kQ FIG.5.6

3 Seyies connection of resistors for Example 5.1.

s}\%[:-v\ﬂ —.# oYX o

Example 5.2 : Determine the total resistance of the series
connection in Fig 5.7

\ B, -704kQ

Solution: Q/Z A 2,24 ?,3+ 2,3

- 3, 2. \15v R
L=

= (4)(3.3kQ ) - o — _
R;=13.2kQ " 3/3__ )‘;/'Z‘Cﬂ’ FIG. 5.7

Series connection of four resistors of the same value
(Example 5.2).
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“Series Circu@

1. They have only oné terminal in common (i.e., one lead of one is connetted to

a. Two elements ar series if

only one lead of er). '7'\
2. The common point between the two elements is not connected to another
current-carrying element. —
—

M v . : : . N }((\z
b. The total resistance of a set of resistances in series is the sum of the resistance (
levels.

R;=R;+R, +R; + R, + ........ +Ry Ohm(Q)

A circuit consists of any number of elements joined at
terminal point providing at least one closed path which
charge can flow.

Fig. 5.4(a) has three elements joined at three terminals a,
b &c to provide a closed path for the current /.

Fig 5.4 (b) the resistance R1 and R2 are not longer in series

due to violation of rule number 2 of the above definition El_jl
®©R, and R, not in series

of series elements.
FIG. 5.4

(a) Series circuit; (Bb) situation in which R,
and R, are not in series.

<= Sewm<e @Y"”C‘& lﬁ"ﬁwﬂ o= o
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It is important to realize that when a dc supply is connected, it does not “see” the
individual connection of elements but simply the total resistance “seen” at the
connection terminals, as shown in Fig. 5.13(a). In other words, it reduces the entire
configuration to one such as in Fig. 5.13(b) to which Ohm’s law can easily be applied.

\

a . e
P mw o

. ( R3§|00ﬂ m—
: Levies

(a) (b)

\oo+Boke =tUO L oo oNnve VA

Resistance “seen” at the terminals of a series circuit.

L Bl

E‘ Pl

L=l b o\Se ) T X
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Properties of DC Series Circuits

a. The di'rectm/d@i;:\:;@in a series dc circuit is such that it leaves the
positive terminal of t returns to the negative terminal, as shown in Fig.

'5.12. ‘ S
b. In any configuration, if two elements ar@gée current must b@

However, if the current is the same for two adjoining elements, the elements may or

may not be in series.
f

300 ,

)/ /r
pOSN) ,\/\D}b(\"\/"%LQ_'l
SUSWRVANGS 2o
FIG. 5.12

Schematic representation for a dc series circuit.
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c. The polarity of the voltage across a resistor is determined by the direction of
the current in Fig 5.14

. — v r = 00
@M‘A \@ v

—AN——
_I, 10 22 1002 ",_ [,
(a) (b) (c)
FIG. 5.14

Inserting the polarities across a resistor as determined by the direction
of the current.

d. T nitude of the voltage drop across each resistor can then be
found by applying Ohm’s law using only the resistance of each resistor.
Thatis, ~

(5.4)
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Example 5.3 : For the series circuit in Fig 5.15:

. . — \
a. Find the total resistance Rr. ge XX 5
b. Calculate the resulting source current Is.

——— o
c. Determine the voltage across each resistor.

T o /“)QVI_

Solution:
a. R;=R, + R, + R,
=20+10+50
R, =8
E 20V
b. I[. = = =25A
: R; 8 )
c. Vi=ILR, =IR, =Q25A)2Q0)=5V
V2 - 12R2 - ISRz s (25 A)(l Q) - 2.5 V —— _ V" @
Vi=LR;=IR,=(25A)5Q) =125V - !

FIG. 5.15
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Example 5.4 : For th@cuit in Fig 5.18: Given Rrand /3, calculate R1 a
N— M e

Solution:

Since we are given the total resistance, it
seems natural to first write the equation for
the total resistance and then insert what we
know.

R;=R;+R,+R;

We find that there is only one resistance g i\\ J

unknown, and it can be determined with some

simple mathematical manipulations. That is, —3 e 1'0/’;
Rr=R; +R, +R;
12kQ =R, +4kQ ++6 kQ FIG. 5.18
R, =12k Q-10kQ
R, =2kQ

The dc voltage can be determined directly from Ohm’s law.

E=I,.R.=I,R,=(6mA)(12kQ) =72V
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5.4 Power Distribution in a series Circuit
e ——————

In any electrical system, the power/applied will equal the power dissipated or absorbed.
For any series circuit, such as that/n Fig. 5.21,

the power applied by the dc supply must equal that dissipated by the resistive elements.
In equation form,

n
n

PE=PR1+PR3+PR; (,.

FIG. 5.21

Power distribution in a series circuit.
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1
The poweridelivered by the supply can be determined using %/'\A_) \

N /)—9’@/\3"0 .
E = El, (watis; W) (5.6 (g{ /LA)/‘?
5|, L

The power dissipated by the resi
of the following forms (showp for resiStor R1 only):

etermined by any

MERSN

% p ~~N y
V,I| — (watts, W) )
' {R P y s 0> f R

'\f \J
a v V.
Since theﬁgir/@ is the same through series elements, you will find in the p 2%
foIIowmg examples that in a series configuration, maximum power is delivered to
the largest re5|stor

/Jl\ )}9) > S M)Y_gaa/»—[ ceries A\l
gower

)
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Example 5.5 : For the series circuit in Fig 5.22: " )

a. Determine the total resistance Rr. ‘) ‘ z
b. Calculate the current Is. y 0 J

c. w voltage across each resistor.
d. Find the power supplied by the batter
e. Determine the power dissipateay each resistor.

f. Comment on whether the tots pame
the power dissipated

—

FIG. 5.22
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Solution:

a.

€.

RT=R|+R2+R3 PRI
=1k(())+3k0+2k0 +V1/ e g

Rr=6Kk 2

' E 36V ks X Rz/

= T omA Wy Wy Py

T » kO 3kQ

Vl =I|R| =[SR1 =(6 mA)(l kQ)=6\' L T +
V,=LR,= LR, = (6 mA)3kQ) = 18V \ y N7 § -
Vi = IRs = LRs = (6 mA)(2kQ) = 12V = Ry S22k 7

Py = EI, = (36 V)(6 mA) = 216 mW

P,=VI =(6V)(6mA) =36 mW

P, = 1§'R3 = (6 mA)2(3 kQ) = 108 mW =
i _ (2 V)z FIG. 5.22
P = — = — 72 ‘\r B
TR, 2kQ "

PE=PR1+PR3+PR3
216 mW = 36 mW + 108 mW + 72 mW = 216 mW (checks)




Example 5.6 : For the series circuit in Fig 5.23:

a.D ine the total resistance Rr. o
Js1R
a—

b. Calculate the current Is

c. Determine the voltage across each resistor.

d. Find the power supplied by theﬁ;y

e. Determine the power dissipated by eakgh resistor,

f. Comment on whether the total power sup D
dissipated. —

e total power

B
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Solution:

a. Rr=R,+R, +R;=2Q0+1Q+5Q

E 20V &
b I =—= —\25A
‘" R, 8Q

. ,=IR,=(25A)2Q) =5V
V,=1IR, = (2.5A)1 Q) =25V
Ve=1IR; = 25A)5Q) =125V

P,=1IR,=(25A)(1Q)=625W
P, = V3/R; = (12.5V)*/5 Q = 31.25

e Pua = 1= QONI25 3 FROW] <

Psq = P, + P, + P;
S50W=125W + 625W + 31.25W
50 W =50W (checks)

-~

=T =GV)(25A) = 125W '% =
W

FIG 5.23

- 7
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5.5 Voltage Sources in series

Voltage sources can be connected in series, as shown in Fig. 5.23, to increase or decrease
the total voltage applied to a system. The net voltage is determined 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

|'®
T _
" —5 E=3V
___ISV +
-—=

:P (a) (.6):'» oJ
)
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In Fig. 5.23(a), for example, the sources are all “pressuring” current to follow
a clockwise path, so the net voltage is

Er=E1+E2+E3=10V + 6 V + 2 \=-18-Y

as shown in the figure. In Fig. 5.23(b), however, the 4 V source is “pressuring”
current in the clockwise direction while the other two are trying to establish current
in the counter-clockwise direction. In this case, the applied voltage for a counter-
clockwise direction is greater than that for the clockwise direction.

The result is the counter-clockwise direction for the current as shown in Fig. 5.23(b).
The net effect can be determined by finding the difference in applied voltage
between those supplies “pressuring” current in one direction and the total in the
other direction.

In this case,

Er=E1+E2—-E1=9V+3V-4V=8V

—
)

1
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Example 5.7 : Reduce the voltage sources into a single source Fig 5.24 in the
followings : E, E, E; E;

Solution: —_II:—_llq,—_|I<,; —_—

r,“ r 2 -
1(2\/ 6V & 2V

" 1
,N/‘/{‘.ﬁ 0“‘2"‘ Fig 5.24 @

Solution:
s §
Solution: I I
<
2%

Fig 5.24 (c)
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5.6 Kirchhoff’s Voltage Law

The law, called Kirchhoff’s voltage law
(KVL), was developed by Gustav Kirchhoff
(Fig. 5.25) in the mid-1800s. It is a
cornerstone of the entire field and, in
fact, will never be outdated or replaced.

The application of the law requires that
we define a closed path of investigation,
permitting us to start at one pointin the
network, travel through

the network, and find our way back to
the original starting point.

FIG. 5.25

Gustav Robert Kirchhoff.
Library of Congress Prints and
Photographs Division

German (Konigsberg, Berlin)

(1824-87),

Physicist

Professor of Physics, University of Heidelberg

Although a contributor to a number of areas in the
physics domain, he is best known for his work in the
electrical area with his definition of the relationships
between the currents and voltages of a network in
1847. Did extensive research with German chemist
Robert Bunsen (developed the Bunsen burner),

resulting in the discovery of the important elements
of cesium and rubidium.
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The path does not have to be circular, square, or any other defined shape; it must simply
provide a way to leave a point and get back to it without leaving the network. In Fig.
5.26, if we leave point a and follow the current, we will end up at point b. Continuing, we
can pass through points ¢ and d and eventually return through the voltage source to
point a, our starting point.

The path abcda is therefore a closed path, or closed loop.

The law specifies that  ~ ~ "‘E )': ! OC_/;/;Q,D\D )}/%_)b)\ é_)/é}v@)

the algebraic sum of the potential rises and drops around a closed path (or closed loop)
s zezor i
VL N
¢ Spege N2 +
‘\ \ 0\ 0 ? Z KVL R, 3 v,
In symbolic form it can be written as -
=~=0)
Y V= , , . - . ¢
V=0 (Kirchhoff’s voltage law in symbolic form) (3.8)
FIG.5.26

Applying Kirchhoff's voltage law to a series
dc circuit.
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Kirchhoff’s Voltage Law
(\

The term algebraic simply means paying attention to the signs that result in the
equations as we add and subtract terms.

The first question that often arises is, Which way shpuld | go around the closed path?
Should | always follow the direction of the current?| To simplify matters, this text will
always try to move in a clockwise direction.

By selecting a direction, you eliminate the need to think about which way would be more
appropriate. Any direction will work as long as you get back to the starting point.

Another question is, How do | apply a sign to the |various voltages as | proceed in a
clockwise direction?

For a particular voltage, we will assign a positive sign when proceeding from the negative
to positive potential , a positive experience such as moving from a negative checking
balance to a positive one. The opposite change ih potential level results in a negative

| \ \¢ = \V »\»QZ%—\M cenes
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In Fig. 5.26, as we proceed from point d to point a across the voltage source, we move
from a negative potential (the negative sign) to a positive potential (the positive sign), so
a positive sign is given to the source voltage E. As we proceed from point a to point b, we
encounter a positive sign followed by a negative sign, so a drop in potential has occurred,
and a negative sign is applied. Continuing from b to ¢, we encounter another drop in
potential, so another negative sign is applied. We then arrive back at the starting point d,
and the resulting sum is set equal to zero as defined by Eq. (5.8).

Writing out the sequence with the voltages and the signs results in the
following:
+E-V.-V.=0

which can be rewrittenas: E=V.+ V,
™

The result is particularly interesting because it tells us that

The applied voltage of a series dc circuit will equal the sum of the voltage drops of the
circuit.

Kirchhoff’s voltage law can also be written in the following form:

< .~ .
Al (-‘: V T L (;- Vdf()pS ( 3.())

rises
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To demonstrate that the direction that you take around the loop has no effect
on the results, let’s take the counterclockwise path and compare results. The
resulting sequence appears as

-E+V:+ V=0

yielding the same result of E=V.+V,

Example 5.7 : Use Kirchhoff’s voltage law to determine the unknown voltage for

the circuit in Fig. = ~~ @\.] _ @4-2 VvV —
R, R>

Solution: A\\M’D ,\

+E:- Vi- V- E:=0 F, =116V =9V

and V.= E:- Vz- E; ‘?l -
=16V-42V-9V :
so V=28V '

IG. 5.27

Series circuit to examined in Example 5.8.
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< =0 —

- —~ O
Cifu Az 2~
=

' = (6~ A= & :E/g@
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Example 5.8 : Using Kirchhoff’s voltage law, determine the unknown voltage for the
circuit in Fig. 5.30.

) L d e

+ + )

] A

+60V —40V — V., +30V =0 1
V,=60V +30V—40V =90V — 40V &

V,=50V

= = 30v®
- 6% U %g —205° FIG. 5.30

Series configuration to be examined
in Example 5.1

Upz 604020 fodo= [l
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Example 5.9 : Determine the voltage Vx for the circuit in Fig. 5.31. Note that the polarity of

Vx was not provided.
\k=)9V

Solution:

—6V—14V -V, +2V =0
= =20V +2V
V,=—18V

>
e b42 3

+ A

FIG. 5.31

Applying Kirchhoff’s voltage law to a circuit in
which the polarities have not been provided for one
of the voltages (Example 5.12).

W’l “\\)\ﬂé‘V“Z - ’“\%\/

\
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Example 5.10 : Determine the unknown voltage V, for the circuit in Fig. 5.28.

Solution:

+E' VI' Vx= 0
and

V.=E-V.=32V-12V =20V

For the clockwise path, including resistor R;, the
following results:

+V.- V.- V:=0
and

V.=V:+ V:=6V+14V=20V

providing exactly the same solution.

il -
E=pav |
ST e

FIG. 5.28

Series dc circuit to be analyzed in Example 5.9.
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Example 5.11 : Using Kirchhoff’s voltage law, determine voltages Viand V2 for

the network in Fig. 5.29. _— —
~ 29‘\*\'\ ~1=° y
~pp2ss 4O

Solution:

For path 1, starting at point a in a clockwise
direction,

+25V-Vi+15V =0

and V.i=40V

For path 2, starting at point a in a clockwise

direction,

-V,-20V =0 L2y /-0

and V.=20V e —oa-~Vpe

The minus sign in the solution simply indicates 5 ¥ J
+ \[7=—2®

that the actual polarities 20 V

are different from those assumed.
. - FIG.5.29

Combination of voltage sources to be examined
in Example 5.10.
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o o o .o Ll V @ Q
Example 5.12 : For the series circuit in Fig. 5.32 S ?

a. Determine V2 using Kirchhoff’s voltage law. %
b. Determine current /2. - —
c. Find R1 and Rs. E—54
C Y = F
‘3 2 O R,
Solution: gw - > R +‘\N\r@

N SM—I5~\D "._%__\__\/ G/ =
FIG. 5.32
Series configuration to be examined in
Example 5.13.
a. Applying Kirchhoff’s voltage law in the clockwise direction starting Z\
at the negative terminal of the supply results in

o
_E+V7,+V2+V]=0
and E=V,+ V, + V;(as expected)
sothat V,=E—-V, —V;=54V —-18V - 15V 2
and V, =21V

_V, 21y r)\
boh=g=Tq ‘\}: Y_\ — ﬁ\;:,&L,
I,=3A S
_VN_18V _
c R,—Il—3A—6Q
v
wuhR3=—‘=ﬂ—SQ
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6.6 Voltage Division in a series Circuit

The voltage across series resistive elements will divide as
the magnitude of the resistance levels.

<1
In other words, in a series resistive circuit, the larger the — E
resistance, the more of the applied voltage it will \ T
AT

capture.
In addition, the ratio of the voltages across series @ \‘ ‘ 74\@\
resistors will be the same as the ratio of their resistance ' 7'\ \ =
levels.
-+
R.§6Q 12 V (/
= =
E ——J20V URZ 30 6V
'\/g:.'\’\*»\f‘z N “ =T -

FIG. 5.33
Revealing how the voltage will divide across series
resistive elemenrnts.
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Voltage Divider Rule (VDR) X“&QQWKS Q&

* The voltage divider rule (VDR) permits the rl_.
determination of the voltage across a series
resistor without first having to determine the i
current of the circuit. g == ©
— +
| 7
 The voltage across a resistor in a series circuit is ~> R § V2
equal to the value of that resistor times the v
total applied voltage divided by the total -
resistance of the series configuration.
. FIG. 5.36
* Formula: Developing the voltage divider rule.
E E
. Vi=1R, = R R, = RIR_T
V.= R“R_ (voltage divider rule) (5.10) E
V = 11R1 == <_>R1 - Rﬁ_
Rr) - Ry

W= o E | Tz B |
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Example 5.13 : Using the voltage divider rule, determine voltages V1
and V3 for the series circuit in Fig. 5.38.

Nz 2 4w 536V

248N J
Solution: % 3
R, < 2kQ
r )
V'
RT=R| +R*_) +R3 +
= 2kQ + 5kQ + 8 kO E__—___45V R,§5kﬂ
RT= ISkQ = 1 & \ —
, : R‘§8kﬂ V.
E 45V } h ‘
Vi=R— =8kQ| —— | =24V - -
R, (159)

\J\%: 2 2 4 < 5\2&:\\]' FIG. 5.38

s uit to be investigated in Examples 5.16

2 _\_9,‘.\% and 5.17.
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Example 5.14 : Using the voltage divider rule, determine voltages V1 and V2 for the series
circuit in Fig. 5.62.

Solution:

Redrawing the network with the standard battery symbol results in the network in
Fig. 5.63.

Applying the voltage divider rule,

o
V, = ) _ 16V

R,+Rw 40 +20

R,E 2 )24 V)
Vy = ——— = —8V
<? R +R, 4Q0+20

5 FIG. 5.63
Example 5.26. Circuit of Fig. 5.62 redrawn.


Mobile User




Mobile User


Home work

Problem 1 : For the series configuration in Fig. 5.92, constructed using standard value
resistors:

a. Without making a single calculation, which resistive element will have the most voltage
across it?@hich will have thw - —

b. Which resistor will have the most impact on the total resistance and the resulting current?
Find the total resistance and the current.

C

FIG. 5.92
Problem 8.
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Problem 2: For the circuit of Fig. 5.80:
a. Find the total resistance, current, and unknown voltage drops.

b. Verify Kirchhoff’s voltage law around the closed loop.

c. Find the power dissipated by each resistor, and note whether the power
=~ . e —
delivered is equal to the power dissipated.

d. If the resistors are available with wattage ratings of 1/2, 1, and 2 W, what
minimum wattage rating can be used for each resistor in this circuit?.

o

] +thh -+ - +73 —

T A AN A A.A AAA
l 3 k() 1 k() 2 k()

—=
—
Ry

AV e W\2°FIG. 5.80
2 A Problem 10.
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Problem 3: Find the unknown quantities for the circuits in Fig. 5.98 using the information

provided. (;.:g‘p\ =) @ SURR\ =HR\a?
:_J‘_, . /P =8 W ‘6_:2_.‘ a ‘3 SL
2 q Py e
Wy P=21W =W Wy
10 IR R P;N
R § \+ -~ E = 10
ad -7 o
-+ JP: A
(a) (b - P —‘é_
S \

FIG. 5.98 fﬂ
Problem 14. i’
“
-|

Problem 4: Combine the series voltage sources in Fig. 5.101 into a single voltage source
between points a and b.

o 3V
© |- . Vi + - -8V +
=4V a MI?M—O
At i _s

-4V + -8V + +12V - -8V + +6V-—
c ' Y . v ! bo =|

== i %
2% ’

(b) (c)

FIG. 5.101
Problem 17.
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Problem 5: Find the unknown voltage source and resistor for the networks

in Fig. 5.103. First combine the series voltage sources into a single
source. Indicate the direction of the resulting current.
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Problem 6: Using Kirchhoff’s voltage law, find the unknown voltages for the
circuits in Fig. 5.104.

qu 7 _20V 4 F10V- 44V -
/-‘

n + + + + ¥

0V N WVE =8V 16 3

4
\

T -V + =
(a) (b)
nO FIG. 5.104 --'5 © "‘R
7 [D‘\_\ - \A ‘\_'} —b\, Problem 20.

Jalo+Y-22 IV V=
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Problem 7: Using the voltage divider rule or Kirchhoff’s voltage law, determine the unknown
voltages for the configurations in Fig. 5.111.

+ V, — + 20V —

MA M
6Q 20
. —
E 40 § Vs

(a)

)
]
i—Il-
\

+ 16V

(c)

FIG.5.111
Problem 27.
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