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Therefore, U

I=—-——=-0.0432A
162

As the current is negative, the actual current direction is opposite to the direction of the
current assumed.

Voltage across the 10Q resistor. Viea=—00432x10=-0.432 V.

1.5 RESISTORS IN SERIES CIRCUITS

In a series circuit, all the components are connected in such a way that there exists only
one closed path through which the current can flow. The same current flows through all

the components connected in series. If a series circuit consists of only pure resistors, then
it is called a series resistor circuit. The voltage across each resistor can be determined by
Ohm’s law.

For example, consider the seties circuit shown in Fig. 1.12. Tt consists of resistors, R,

R, and R, connected in series with a voltage source, V., across them. Due to this voltage
source, a current, I, flows through the circuit.

The total, or equivalent, resistance of the circuit can be expressed as
R,=R +R,+R,
Applying KVL to the circuit, we get

Vo=V, +V,+V;=IR + IR, +IR,=I(R +R,+R)=1IR,

V,
Therefore, I=
Req
i T CR [y VN
+ - + - + -
I Rl R,

2 Ry

'___ —

HCRPE Resistors in series

Thus, the current in the series circuit is determined by the voltage and its equivalent
resistance.

The equivalent resistance in a series circuit is equal to the sum of all resistors connected in
series. Suppose if n number of fixed resistors are connected in series, then
R,=R +R,+R +.... + R

When all resistors have equal values, then Rﬂl =nR,
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Application of Serles Resistor Circults

Resistors are connected in series in order to increase the total resistance of the circuit and
thus to limit the flow of the current. For a fixed source voltage, ¥, if the flow of current is
limited by adding resistors in series, then it will result in the division of voltages across the
resistors.

This can b. illustrated with an example. Look at the circuit shown in Fig. 1.13(a),
which consists of only one resistor, R, connected in series with a voltage source, V. The
resultant current in the circuit is denoted as /.

The total resistance of this circuit is R, = R

From Ohm’s law, V, = IR

V
Hence, I=—

If one more resistor R is added in series with the existing resistor, R, as shown in Fig,
1.13(b), then the equivalent resistance, Req, of the circuit increases. Thus,

R,=R+R=2R
The increase in resistance from R to 2R limits the flow of the current as,
Vs
[=—
2R
The voltage across each resistor is
~ V 14

Ve=IXR=—txR==t

2R 2
Hence, it is inferred that as a result of addition of resistors in series, there will be a
corresponding drop of voltage across each resistor.

kot

® (b)

H[CMRKE Series resistor circuits

Effects of Resistors Connected in Series

1. The curre'nt'rci:mains the same through all the elements connected in series.
2. Voltage division occurs across the elements connected in series.

3. The volta.g: a'cro,ss different elements connected in series depends on its resistance value
and the circuit current.

4, If n resistors are connected in series, then R,=R +R,+R +.. +R,
5. If nresistors of equal values are connected in series, then R, =nR.
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6. Resistances, voltages and powers are additive in a series circuit,
7. The voltage applied is equal to the sum of voltage drops across different elements.

Limitations of Series Circuits

. If there is a discontinuity or break in any part of the circuit, no current will flow through
any element of the circuit,

As the voltage gets divided by the addition of elements, the seties circuit is not practical
for supplying power in the household and industrial applications.

3. It is also not practical to connect the devices having different current ratings in series.

TN CEALM Determine the current and voltage across cach resistor of the circuit
shown in Fig. E1.11(a).

ro

Solution )

l
Let us assume that the direction of current, I, is ke > 5 | o
clockwise as marked by dashed lines in Fig. E1.11(b). 4 -
As the polarities of the resistors are not given along the 0V - Ly
traverse direction, positive sign is arbitrarily assumed to J |
the side which encounters the current first, and negative 100 ©2 ;
sign on the other side. L AAN
Applying KVL to this circuit, we get 10 2
10x10°7 + 5.8 10" T +101 +1007 —10+500x10°/ =0
or 10x10°7 + 5.8x10° +107 +100 +500% 10"/ =10

10

[=—————=9.518x10"A
Therefore, 10505910

As this is a series circuit, the same current flows through all the resistors.

Applying Ohm’s law to each resistor, we get

Viosa = IRiomn = 9-518%10 Tx10x10° =9.518V NS
500 k€2 <\ L, toma
Vg = IRy = 9-518%10 7 x5.8x10" = 5.52mV o -
+
Vi = IRy =9.518x10 7 x10=9.518 0V oy T | | SRk
s p— § - : l -
Vi = IRyge = 9.518x10 "x100=9.518x10 "V 100 Q < :
Vigora = IRy = 9.518%10 " x500x 10" = 04759V + 1 /W\ \
In order to prove KVL, if we add all the voltage " 00 '
drops across each resistor, it should be equal to the
supply voltage. FIG. E1.11(b)
Vioma 1 Vigia + Vuon + Voo Vﬂonm

=9.518+552%x10 ' +9.518x10 ° 4+ 9518x10° +04759=10V
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internal resistance of 30€2 is copy
Find the value of R_if the curren; "

A 10V power supply having an

series with two resistors of values 100 QandR..
the circuit is 1 mA.

Solution

The circuit with we given data can be drawn as shown in Fig. E1.12.

100Q R,
- + -
+
|
a
g > -oTTTTTT [
|
+ I |
|
+ €——————-
0V _T
FIG.E1.12

As the circuit is in series form, same current flows through all the resistors. Applying KV
to this circuit for the assumed current direction, we have

100/ + R I +301=10

(130+R,)x1x107* =10
Therefore, R =9870Q

IEZEEREN For the circuit shown in Fig. E1.13(a), find the voltage across ¥ and .

100 Q
. X 209
M : -
\ |
10V._. *2 v + L
s Y, 10V: < w8
<
w r
], |
c i ————— - e

Solution

To simpli : i :
o simplify the analysis the given circyit can be redrawn as shown in Fig. El. 13(b)

s
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a ~_m"f»/\/\/\ - kb - +2'V_ . c
+| SRR EEEES + LR LTS +
10V = N (zsn il Lo 509%
Commmme ] < v -~ Commeeee i
_(L‘____m_h ] (2)
" ’ 00 d
FIG. E1.13(b)

The clockwise traverse current direction and polarities across resistors are assumed
arbitrarily. It is noticed that two series loops, 1 (abxa) and 2 (cdyc), share a common voltage
source, 2 V, and the currents that flow through them are /, and ,, respectively. Hence, the
components shared between the nodes ‘x’ and ‘y’ can be drawn as shown in Fig. E1.13(c).
Applying KVL for the nodes ‘x’ and ‘y’ in the assumed traverse direction, we have

2-10+V, —5I, =0
V, =8+5I,

The only current flowing through the 5Q resistor is due to the current, /, in loop-1. From
the current direction of I, through the 5Q resistor in Fig. E1.13(b), it is found that the
direction of current is opposite to the traverse

2Y
direction shown in Fig. E1.13(c). So, a negative * -
sign is assigned to 5/, in the KVL equation. | ]
Applying KVL for loop-1 shown in Fig. E1.13(b),  +
we get R -
1007, + 51, =10 5Q | oy -L_
I, =0.095A ] . -
Therefore, V,=8+5x0.095=8.476V
X

and V, =V, =-8476V

xy

FIG. E1.13(c)

FTUTCRELE For the circuit shown in Fig. E1.14, if v, = 20V, find the current, 7
Solution 2040

Given v, =20V. Applying KVL in the clockwise traverse
current direction as shown in Fig. E1.14, we get

20/ +25-10v, =0
20/ = 25410 x 20

| = 175 =8.75A
20)

10 v, 25V

m
B
FIG. E1.14
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1.6 RESISTORS IN PARALLEL CIRCUITS
A circuit is called parallel circuit if all the components in that circuit are connected in such
a way. that there exists, more than one path or branch through which the circuit current can

flow through more than one branch, the current gets divided in

flow. As the current has to
a parallel circuit. But the net voltage remains the same across all the branches connected

in parallel. N
ircuit consisting of two resistors connected in parallel as shown

Consider a simple ¢
in Fig. 1.14(a). If a voltage, V', is applied to node ‘a’ the circuit, then current, /, is divided

into 7, and /..

™

—
S —

i ! I I, !
l

!

. L : ,
f - Ry R: :> =T Re =
! R +R,
?
|

- |

()

l
—

@
(a) Two resistors in parallel, (b) Its equivalent

Applying KCL to the node ‘a’, we get

I=1+1,
We also know from Ohm’s law that
LR =LR, =V,
‘ V
1.€., I, =— and I, =K—"-
1 RZ
Therefore, I= Y + V.
R, R,
1 )
K = —_ 1 Rl R- ] IR«‘V
[1 IJ R + R,
-+
R R,
Thus, as shown in Fig. 1.14(b), two parallel resistors, R, and R, , can be replaced with their
equivalent single resistance, R = *Rl_&_
YR +R

. Consider. another parallel circuit consisting of three resistors, R,, R, and R, , connected
in parallel with a voltage source as shown in Fig. 1.15. - -
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The circuit consists of nodes ‘a’and ‘b’. If a DC voltage V. is applied across these nodes,
the cm‘rent‘ 1, gets divided in the node ‘a’ as/, I, and Ly

Applying KCL at the node ‘a’ we have )

I=1+1,+1,

According to Ohm’s law, V.=1R,. ;
Therefore, I, = L

R\
Similarlly, ¥, =R, ie.5,=-02

2 =R,
and Vi=LR,, 1e,13=ﬁ +||1L
3 : Vs
H Vi V. YV, . .
ence, I = }— + R- + R— Three resistors in parallel
1 2 3
As the net voltage remains the same across all the branches connected in parallel,
V,=V,=V,=V,

Hence, AAA

Rl RZ R3

_ [_1_ NN L]
R R, R’
— _1_ X Vs
eq

where 11 + L + L

Since conductance, G =—;; the above equation for parallel circuit equivalent resistance
can be written in terms of conductance as,

G,=G +G,+G,
If n fixed resistors are connected in parallel, then

and G,=G+G, ++G

R
When all resistors have the same value, then R, =— and G,, =nG

n
Effects of Resistors Connected in Parallel

1. The voltage remains same across all the elements connected in parallel.
2. The current gets divided in a parallel circuit.
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3. The flow of current through each element connected in parallel depends on its resistance
value and the voltage across it.

4. The equivalent resistance of a parallel circuit can be calculated by

1 1 1 1 1
=ttt
R, R R, R R

n

5. If n resistors all having equal resistance values are connected in parallel, then the

equivalent resistance of the circuitis R, = E.
n

6. Branch currents, conductances and powers are additive in a parallel circuit.
Advantages of Parallel Circuits

1. If there is a discontinuity, or break, in any one branch, the current still flows in the other

branches of the parallel circuit.

. Electrical appliances having same voltage rating but different power or current rating
can be connected in parallel. This is the reason for using parallel circuits in all household
and industrial wirings and for connecting the electrical appliances and equipment.

SRR Find the current delivered by the source for the network shown in Fig.
E1.15(a) using the network reduction techniques.

AN\~ A% NV
3Q 8Q 6Q
+
1oov_T— 28Q ézm §IZQ
8 Q
AV M- A%
3Q 6Q
FIG. E1.15(a)

Solution

It is convenient to analyze the given circuit in its simplified form using network reduction

techniques. Network reduction has to be applied systematically, starting from the output

?nd of the circuit and progressively followed to the input. Inspecting the given circuit, it

i1s noticed that the output end consists of a series combination of three resistors 6, 122

and 6Q, which can be replaced by a single equivalent resistor as shown in Fig. E1.15(b).
R,=6+12+6=24Q

— AN AM—

[ 3IQ 8Q
+

100 V “_-L 2 28Q 24Q ; 24Q
_._/\/\/\/_____J_ —  AAA

3Q

8Q

FIG. £1.15(b)
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The parallel -cognbixiation of two 24 Q resistors shown in Fig. E1.15(b) can be replaced by

its equivalent =2 Q =120, as shown in Fig. E1.15(c).

- -

v\ VVV
3Q 8Q

100V §ZSQ § 12Q
A A A SQ
30
The senes combination of resistors 8Q, 12Q | \‘\é‘v
e 3
and 8Q m Fig. E1.15(c) can be replaced by its + 30 §289
equivalent (8+12+8)Q = 28Q. as shown in Fig. 10V - § :
EL.15(d). Yy | |
The parallel combination of two resistors of
28Q) each m Fig. E1.15(d) can be replaced by AN\ 1
28x 28 - | 3@ |
Q = 14 Q as shown in Fig. E1.15(e). *
28+28 100V = 140
Finally, the series combination of 3Q, 14Q and | @\% |

3Q in Fig. E1.15(e), can be replaced by 3+ 14 +
3)Q=20€), as shown in Fig. E1.15(f).

Therefore, according to Ohm’s law, the total M 0o
current delivered by the source, oV T
=19 _sa

2
IEZETTEEGN A circuit consists of three resistors of 3, 4Q and 6Q in parallel and
fourth resistor of 4 in series. A battery of 12V having an internal resistance of 6Q is
connected across the circuit. Find the total current in the circuit and terminal voltage across
the battery.

Solution —

The circuit with the given data can be drawn as shown in Fig. E1.16(a).

40 e

\ §°“ |
< 3a §4n ém Coel
< ‘ \ S P '

! tevcademoneas
- 1

(a)
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1.714Q 113339

+
_}, 12v

(d)

It is convenient to analyze the given circuit in its snnphﬁed form using network
reduction techniques. Network reduction has to be applied systematically, starting from the
output end (load) of the circuit and progressively followed to the input (source).

Starting the analysis from the load, the parallel combination of two r

esistors,
3Q) and 4Q, can be replaced by a single equivalent resistor, El_=1; +1; ie.,
3x4 g L
R, =Ryl R =2 7 =1.714Q as shown in Fig. E1.16(b) v

The parallel combination of the résistors, 1.714Q énd 69, is replaced by its equivalent
. 1.714x6 ‘
resistor, R, = R, ;.40 || Rsq = 171446 =1.333Q, as shown in Fig. E1.16(c).

Fmally, the series combination of the resistors, 1.3330Q, 4Q and 6Q), can be replaced by
R,=1333+4+6=11 333Q, as shown in Fig. E1.16(d).

According to Ohm’s law, the current flowing in the circuit

I= —-1-—2— =1.0589A
11.333

The terminal voltage across the bat‘tery is the difference between the battery voltage and
voltage drop in the internal resistor.
v,

Terminal — v - Vﬁﬂ
According to Ohm’s law, the voltage drop across 6Q resistor,

V., = IR, =1.0589x6=6353V

Therefore, ¥, =12—6.353="5.647V

_ Elaple (AY8 Equivalent resistance of two wires is measured as 150 Q when connected
?lscncs and 100/3 Q when connected in parallel. Calculate their individual resistance
alues.

Solution

Total resistance when connected in series = 150Q

ie.., R +R, =150

Total resistance when connected in paralle] 100 Q
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1.e., .-_.ISL&.-_ = 100
R+R, 3
Substituting the value of R, + R, in the above equation, we get
RR, _100
150 3
R.R, = 5000
or R — 3000
Rl
Substituting the above equation in R +R,=150, we get
S
Thus, ﬂ + R, =150
R, ’
or, R} —150R, +5000 =0

. C Ca , ) - b —
As this equation is in quadratic form (ax® 4+ bx +¢=0), the solution [ x= b+ 4ac ]
can be obtained as, 2a

—(=150) £ V150% —4x1x 5000
2x1

R, =100Q (or) 50Q

R, =

o , 5000
Substituting these values of R, in R, = o, we get
2

R, =50Q (or) 100Q

Examle L For the circuit shown in Fig. E1.18(a), find the equivalent resistance
between the terminals A and B.

05Q

10Q

A

Solution

It is convenient to analyze the given circuit in its simplified form using network reduction.
Inspecting the circuit, it can be noticed that it consists of two parallel resistors 1 Q and 2 Q)
as shown by dashed lines in Fig. E1.18(b).



. 10Q

FIG. E1.18(b)

This parallel combination of two resistors can be reduced by replacing them with a

: . . R,
single equivalent resistor using the relationship R, = RR,
R + R,
- 1x2 _ 2 Q
142 3
The circuit in the reduced form is shown in Fig. E1.18(c).
T )
| 1
10Q

, . 2
It consists o —~ i i . :
f two resistors 3 Q and 0.5Q in series. These resistors can be reduced into 3

single equivalent resistor using the relationship, R,=R +R

2 7

7] 3 6
The circuit in the reduced form is st ywn in F ig. E1.18(d)
A 76 B
N v— ] \.’ _{« | VR T ————— ._’_ S —
| |
B 100 |
———— AAA

V'V
EIGE128(d)
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Betw i ;
ed een the termmals A and B, as there exists a parallel combination of two resistors 7/6 Q
and 109, the equivalent resistance is
7 |
g x10 E

7 =
—+10
6+

Ry =

=1.045Q

or the circuit shown in Fig. E1.19(a), find the equivalent resistance
between points C and D.

Solution

The given circuit of Fig. E1.19(a) can be redrawnas  Co—
shown in Fig. E1.19(b). ' f—— o
Inspecting the circuit, it can be noticed that
there exist two sets of parallel resistors 5 ||2Q and
109||20 2 as shown by dotted lines in Fig. E1.19(b).
Replacing the parallel resistors by their equivalent
resistances we get the network as shown in Fig. |
E1.19(c). l

Ry =222 =14290 S

5+2

10x20
R1oouzon = 10+ 20

P —

=6.667Q FIG. E1.19(b)

CO

CO-
1.429Q

Series 8.096 Q é
>

6.6670%
DO— Do—

FIG. E1.19(c) FIG. E1.19(d)
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Now, the series combination of two resistors 14292 and 6.667 € can be replaced by its
equivalent circuit as shown in Fig. E1.19(d).
R, = 1.429 + 6.667 2

= 8.096Q2
Therefore, R.,= 8.096Q

The current through a resistor is measured as 0.5 A when it is placed
across a 12 V supply. Calculate the value of load resistance that has to be connected in
parallel to increase the load current to 1 A.

Solution

Given ¥, =12V, I, =0.5A, and R, =(1)—25—=24Q.

The required load current /, =1A, and the total current / =1, +1, = 0.5+1=15A.

. e V. 12
Therefore, the required total circuit resistance, Req = -Ii = 1—; =8Q.
The equation for parallel circuit equivalent resistance is giveil as
1 1 1 ‘
__=—+.—
Req Rl RL
i_1.1
8 24 R,
211 _p125-0042
R, 8 24
1

Therefore, R, =12.048C2

2T IEEl Two resistors, 3 and 5, are connected in series. Calculate the value
of the resistor that has to be connected in parallel with the 5Q so that the total circuit
resistance becomes 7.5€2.

Solution

Given: R, and R are connected in parallel, total resistance R, = 7.5Q and series resistanc®
R=30.
The equation for the parallel combination of two resistors is

= RS()RJ - SR

X

" Ryy+R, S5+R,
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RT =RP -+ R“.
SR
785=-"x
S+ R, +3
SR, =455+ R,)
=225+ 4.5R,

22.5
R‘ = e—
*=0s 45Q

IEXIIXERY For the circuit shown in Fig, E1.22(a), find the anknown voltages, ¥, and
V,, across the resistors.

25V

L l4.
<
AN
AN

ANNA— NN\
6V 7V
FIG. E1.22(a)

Solution

The voltage drops across parallel branches remain equal. Therefore, V.=V,
Assuming clockwise current traversal direction as shown in Fig. E1.22(b) and applying
KVL with respect to loop current, /;, we get

54+3+V,+7+6-25=0

LSV, v
ANNN—ANMN
+ +
+ V, V.
25V —— 9 é@% A
AW AW ]
6V 7V
FIG, E1.22(b)

25=5+3+4+V,+7+6
V,=25-21

V=4V

V,=V, =4V
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B

Wthe circuit shown in Fig. E1 23(a), find the values of Jand R,

100V _

Solution

Assuming clockwise traversal current direction for 7, in the middle loop as shown in Fig,

FIG. E1.23(a)

E1.23(b), and applying KCL at node ‘a’, we get

I,=I1+2

Applying KVL for the middle loop, we get
100 =101, +1071

Substituting the equation of 7. in the above equation, we get
100=10(7 +2)+107

207/ =80
I=4A

Since 10Q and R are in parallel,

Vioa = Vi

10x4=2xR
R=20Q

100V T

" a 2A

Y

FIG. E1.23(b)

Find the value of V. in the network shown in Fig. E1.24(a).

5.04 A 2.083 A 0.5Q 1Q
>\ c oA VAVAY: AVAVAV AN
2Q 2Q  Yo0s83A Yo0sSA

§20

$ 10

r 1A

FIG. E1.24(a)

S
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Solution
The given circuit can be redrawn as shown in Fig. E1.24(b).
504 A 2,083 A
Lt 20 20 0sQ 1@
‘J“')"V\/\r‘"’c* “AM—— AN —
Ly

0.583 A ' 05A

vt L

]

Applying KCL to node ‘b’, we get

+

20 i ﬁ‘ 2Q 1A
T <
f

FIG. E1.24(b)

I,=5.04-2083=2957A
Applying KVL to the loop ‘abga’, we get

2x5.04+2xI —V,=0
V,=10.084+2x2.957=15.99V

IEEITEES Obtain the potential difference, V.. 1n the circuit shown in Fig. E1.25
using Kirchhoff’s laws.

S ohms X
2'A%% 3 ohms
Y S—
‘°‘L\1 s
- ohms 6 L-
%ohms - 9V

|+

A X' ;

FIG. E1.25(a)

Solution

As the nodes X and X’ shown in Fig. E1.25(a) do not have any element connected in

between, they can be simply shorted to a single node X and .

the circuit can be redrawn as shown in Fig. E1.25(b). —AM—
Now the circuit consists of two loops—one with

L) |
current, /,, and the other with current, /,. Assuming the 3 B

5 g |
current direction to be clockwise, and applying KVL for l —W [\4 B
the first loop, we get lov - Dx Qs
(5+95)1, =10 { L
or, l‘ = IA

FIG. E1.25(b)
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