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SERIES DC CIRCUITS

A circuit consists of any number of elements joined at terminal points, providing at least
one closed path through which charge can flow. The circuit of Fig. 2.1(a) has three
elements joined at three terminal points (a, b, and c) to provide a closed path for the
current 1.

Two elements are in series if

1. They have only one terminal in common (i.e., one lead of one is connected to only
one lead of the other).

2. The common point between the two elements is not connected to another current-
carrying element.

If the circuit of Fig. 2.1(a) is modified such that a current-carrying resistor Rj3 is
introduced, as shown in Fig. 2.1(b), the resistors R; and R>are no longer in series due to
a violation of number 2 of the above definition of series elements.
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+
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(a) Series circuit

Fig.2.1

(b) R, and R, are not in series
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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:

Rr=Ry+ R+ R3; +---+ Ry

(ohms, ()

Once Rris known, the current drawn from the source can be determined using Ohm’s law,

as follows:

Iy = A (amperes, A)
Ry

The fact that the current is the same through each element of Fig. 2.1(a) permits a direct
calculation of the voltage across each resistor using Ohm’s law; that is,

Vl = 1R|, Vg = IRQ, V3 = 1R3, sy VN= IRN

(volts, V)

The total power delivered to a resistive circuit is equal to the total power dissipated by

the resistive elements.

V
Pi=Vili=1{R=

)
i

R,

(watts, W)

The power delivered by the source is

Py =Py +Py+Py+:-+ Py

P = El
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Example 2.1
a. Find the total resistance for the series circuit " A}JV_
shown. (1—> R20
b. Calculate the source current /. N
c¢. Determine the voltages V1, V2, and V3. [ ===V
d. Calculate the power dissipated by R/, R2 z T
and R3. R,=51) ,ﬂ
e. Determine the power delivered by the e Vi i

source and compare it to the sum of the power levels of part (d).

Solution :

a.

b.

E 20V
I, =—= —2.5A

Rr 8Q
Vi=1IR, = (25A)2Q) =5V
Vo, =IR, = 25A)1 Q) =25V
Vi=1IR: = (25A)5Q) =125V

P =V =(5V)I25A) =125 W

P, =1I3R, = 25 A1 Q) = 6.25 W
P; = ViI/Ry = (125V)/5 Q = 31.25 W

. Pgy = EIl= (20 V)25A) = 50 W

Pgep = Py + P, + P;
S0W =125W 4+ 625W + 31.25W
S50W = 50W (checks)
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Example 2.2 : Given Rrand I, calculate R; and E for the circuit shown.

40
W——W
RT=R|+R2+R3 _’RI RZ
12k =R, +4kQ + 6kQ) .| Br=02k)
E " R_ébkn
R =12k - 10k() = 2kQ
E=1IRp=(6X 107 AY12X 10° Q) =72V 1= 6mA
VOLTAGE SOURCES IN SERIES
[’.'l 1‘..: ['.._1 l 1':'[‘1
—_||+—_| —— — —1—

Er=E+E+E=10V+6V+2V=1§V 0V 6V 2V 18V
ET=EQ+E3-E|=9V+3V-4V=8V 1:".1 L h 1 Er
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KIRCHHOFF’S VOLTAGE LAW

Kirchhoff’s voltage law (KV'L) 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

(Kirchhoff’s voltage law
in symbolic form)

2.V=0

Kirchhoff’s voltage law can also be stated in + V-
the following form: g M

20 Vrises = 20 Vdmps + +

—..—_E KVL R:§ V;
S‘G V=0 g
‘—E+ V2+Vl=0 d-L o

E=V,+ V,
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Example 2.3 : Determine the unknown voltages for the networks shown.

+V, - +42V- +12V-  +6V-
R, R, R, R,

Wy MY ‘Mf‘\M

E == 16V B —ll ' 1Y) E"o=" 32V V, R;§I4V

o
N

(a) (b)
Hi-1-h-6=1 +tE- V- V=0

Ji=E -1y~ By=16V-42 -V Ve=E-V,=32V-12V
o =AYV

U U

Using the clockwise direction for the other

loop involving R> and R3 will result in:

+V‘-—V3—V3=O

~
|

=V, +V3=6V+ 14V
20V
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Example 2.4: Find V1 and V> for the network shown.

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

+ V| -
+25V-V,+15V=0 9 0
= P
! I
\\ A’I
as .
For path 2, starting at point a in a clockwise 4 N
direction: i v \
| y | VA
\ / 2
\\“4,
~V,—20V =0 )
i—o
and Vo, =—=20V I
20V

% The minus sign simply indicates that the actual polarities of the potential difference
are opposite the assumed polarity indicated in figure.
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Example 2.5: For the circuit shown.

W - + V-
Find Rr. l :
Find L == A
Find V7 and V. 1 Y‘ﬁ' ic m’
Find the power to the 4€2 and 6€ resistors.
. Find the power delivered by the battery, and [ "==" )V

e

compare it to that dissipated by the 4Q and Ry

P oo T o

62 resistors combined. -
f. Verify Kirchhoff’s voltage law (clockwise
direction).

Solution:

a Rp=R +R=40+6(0=100Q e. Pr=El=20V)2A)=40W
E 20V P =Py + Py

b l=—=""=) -
TN, W =16W+24W

¢ Vi=IR =(A40)=8V W=40W (checks)

Va=1IRy=(2A)6() =12V
s V= 4E- V- V=0
LA L E=V,+Vy

R4 4 NV =§V+12V
Pe = ! R, = QA6 0) = (4)6) =24 W 0V=20V (checks)
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VOLTAGE DIVIDER RULE

In a series circuit, the voltage across the resistive elements will divide as the magnitude

of the resistance levels.

=

. L
RiZ60 12V +
- L ngvl
+ - + —

E =20V R,Z230 6V E=
- - - +
+ R3§V3
Ry 210 2V -

Rr=R, + R, Applying Ohm’s law:

E Vi =IR, = (i)Rl _ RE
and — _R_ = .
T y
with V3 = IR = ( 5 )Rz — Rk
Ry, Ry
‘/.r — R,rE (\’Oltage divider rUIC)
Rt
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Example 2.6: Using the voltage divider rule, determine the voltages Viand V3
for the series circuit shown.

Solution:

(RE_CKOEY) kY :
R 045KOESKY 5K k320 ;
CX10 QsY) %0V -
= etz Y .
15X 10° () 13 EZ=_45V R2§5kﬂ
. RE_ BV _ 8X 1005V ) -
TRk sxI00 Sy
3 3
SRR ‘ _
13 L

The rule can be extended to the voltage across two or more series elements if the resistance
is expanded to include the total resistance of the series elements that the voltage is to be
found across (R'); that is,

Ry (volts)
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Example 2.7 Design the voltage divider shown such that Vz; = 4Vz..

Solution:

The total resistance is defined by

Since Vi, = 4Vi., E==20V
R| = 4R2
Thus Rr= R, + Ry =4R, + R, = 5R, B

5Rg=5kQ
R3=lkﬂ

Rl=4R3=4kﬂ
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a
o
R
WAy g R, § R,
E E Oh
e é R,
sk
R, R,
(a) (b) (c)

§R3 =t §R3 V. = L v

~AWY
20
=]

Email: zahraa.hazim@uomus.edu.iq




Al-Mustaqgbal University
Department of Computer Engineering Technologies
Class: First
Subject: Electrical Engineering Fundamentals
Lecturer: Zahraa Hazim Fatlawi
15t/ term — lect.2 Series DC circuits

Double-Subscript Notation

The two points that define the voltage across the resistor R are denoted by a and b. Since
a is the first subscript for Vab, point a must have a higher potential than point b if Vab is

to have a positive value. If, in fact, point b is at a higher potential than point a, Vab will
have a negative value, as indicated in Figure.

* "uf' — - ":1?’ 4
AW Mo
2 R a R ? =7

V= 2 . = =)

Single-Subscript Notation

If point b of the notation Vab is specified as ground potential (zero volts), then a single-
subscript notation can be employed that provides the voltage at a point with respect to

ground.
V. A
Vab = Va = Vj a+ Gy *5b
E= |1QVemm= 0V 4V §-HZ

Var=V,— V=10V -4V
6V
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1] +4V- +E|3_
Vo=+10V -4V =6V B
T
E=lve | @
z =
h
Vo=V, -0V=0V-20V==-4V 1T
Voe=V,— V.= 10V — (—14V)
=24V
i ‘+l()V
o, l_4‘lv' 3
V=S,
T and @ | g = eV
50V fVe= —-14V
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EXAMPLE 2.9 Determine Vab, Veb, and Ve for the network shown.

Note that there is a 54-V drop across the series resistors R; and R.. The current can then
be determined using Ohm’s Law and the voltage levels as follows:

E,=+35V
I= % — 1.2A vy -+
® R, 250V,
Vi =1IR = (12A)250) =30V |
& " _
Vo= —IR = —(1.2A)200)) = =24V
V,=E =-19V Ve RiZ 200
- O«

‘he other approach is to redraw the network as shown to clearly
stablish the aiding effect of £1 and E£2 and then solve the
esulting series circuit.

EI+E2_19V+35V MY R, < 250}

- . |'2A P Qb 1;+'——
RT §(] §() + 2T ™

=3V Vy=-MV V== "

1;,% 19V
+
s

LS
=
<
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Problems

SECTION 5.2 Series Resistors

1. Find the total resistance Rt for each circuit shown.

R, R, R, R, R,
o—AW MWy o MWy MWy
0.1 k() 0.39 k() 1.2 k() 1.2() 2.71)
S~ —_—
Ry Ry
R;
: o m
8.21()

(a) (b)

Rs
W WA
17k) 1.2 k() 91 () 510)

(c) (d)
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2. For each circuit board in Fig., find the total resistance between connection
tabs 1 &2.

(b)
Rl R2
3. For the circuit in Fig., composed of § A M A N‘
standard values: !
100 () | ki)
a. Which resistor will have the most impact
On the total resistance? —
b. On an approximate basis, which resistors can RT R3
Be ignored when determining the total resistance?
C. Find the total resistance, and comment on R4
Your results for parts (a) and (b). 0 AM
200k}
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4. For each configuration in Fig., find the unknown resistors using the

ohmmeter reading.
138 k() 91 ki)
( ()
4 S i
R 56 ki) 24 k) R,
1K) §43 (0
AWy ’ M—o
33k |8 k() Ry=2R,
+ ‘I = T ": ]
5. For the series configuration in Fig.: l R, R,
| | 2
a. Find the total resistance. RT 100 N0
b. Calculate the current. i
. Find the voltage across each resistive E= 10V t
element. _'_'-'- 2 R, § 180V,
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6. For each network in Fig, constructed of standard values, determine:
a. The current 1. b. The source voltage E. c. The unknown resistance. d. The
voltage across each element.

My T Il
O 470 "

|
= 0

T R=90 _ _
T <

L W A

E

(a) (b)

7. Find the unknown quantities for the circuits in Fig. using the information
provided.

T A

MWy M =3 A M
(1A 20 10 /P v

|+

|
=
AMY
ey
i1
AN
=

|
a1
|
|
=
N{
]
>

(a) (b)
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8. Find the unknown voltage source and resistor for the networks in Fig.First

combine the series voltage sources into a single source. Indicate the
direction of the resulting current.

*lf- 3K -0V —py+
I —w
P=8mW R
/ + --_
2mA R 16V < 2k =4V
+
+20V -
I | | |
§= |||l - 'III
- - = £< +
(a) (b)
SECTION 5.6: Kirchhoff’s Voltage Law
+ 14V -
Wy
9. Using Kirchhoff’s voltage B -
law, find the unknown f._.__ oV § § o -
voltages for the circuit = - ¥ —_—+|8 v
shown.
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10. Using Kirchhoff’s voltage law, determine the unknown voltages for the
series circuits shown.

T + J.6Kk() _l__
10V =8V
+ ) L +
10V + Vi &

L 1% &5 — *

2 E—=24V

3 a +
s V, §2.2 k()
(a) - (b)

11. Using the voltage divider rule, find the indicated voltages in Fig.

200)
W M—y M—o—A
4K0) | k() * 250) 150)
+ t
- , 2K § AR -
0V — Nh<y + 071V — V 0.61)
T TV — V B
s K0 § —M—o—4
T 050 09()
(a) 'l' (b) (c)
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