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Therefore, 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 10N resistor, Va=- 0.0432 x 10= -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 series circuit shown in Fig. 1.12. It consists of resistors, R, R, and R, connected in series with a voltage source, V., across them. Due to this voltage 
source, a current, 1, flows through the circuit. 

The total, or equivalent, resistance of the circuit can be expressed as 

RR+R +R, 
Applying KVL to the circuit, we get 

V,=+V, +V, = IR + IR, +IR, =1{R+R+R)= IR 
Therefore, 

Ra 

- ww- www 
R R2 R 

FIG. 1.12 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 R = nR. 
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Application of Series Resistor Clrcults 
6. 

Resistors are connected in series in order to increase the total resistance of the circuit and 

thus to limie the flow of the current. For a fixed source voltage, V, if the flow of current is 

limited by adding resistors in series, then it will result in the division of voltages across the 

resistors. 

L 

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, , The 

resultant current in the circuit is denoted as I. 
The total resistance of this circuit is R, = R 

From Ohm's law, V, = IR 

Hence I= R 
If one more resistor R is added in series with the existing resistor, R, as shown in Fig. 

1.13(6), then the equivalent resistance, R of the circuit increases. Thus, 
eg' 

R=R+R=2R 
The increase in resistance from R to 2R limits the flow of the current 

2R 

The voltage across each resistor is 

V,=IxR=xR= 
2R 

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. 

wW wM R R K 

(a) (b) 
FIG.1.13 Series resistor circuits 

Effects of Resistors Connected in Series 
1. The current remains the same through all the elements connected in series. 
2. Voltage division occurs across the elements connected in series. 
3. The voltage across 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. Ifn resistors 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 Clrcults 

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

any element of the cireuit. 

2. As the voltage gets divided by the addition of elements, the series 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. 

Example 1.11 Determine the current and voltage across each resistor of the circuit 

shown in Fig. El.1l(a). 

Solution 
500 k2 10 M2 

Let us assume that the direction of current, I, is 

clockwise as marked by dashed lines in Fig. E1.11(b). 

As the polarities of the resistors are not given along the 

traverse direction, positive sign is arbitrarily assumed to 

the side which encounters the current first, and negative 

S.8 k2 

10 V 

100 2 

sign on the other side. 
10 2 

Applying KVL to this circuit, we get 

FIG. E1.11(a) 10x10°/+5.8x 10'I+10/+100/ -10+500 x 10*I =0 

or 10x10°1+ 5.8x10'/+10/ +100/ +500 x 10*/ = 10 

I= 
105059100 

10 
= 9.518x10" A 

Therefore, 

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

Applying Ohm's law to each resistor, we get 

10M RoMa = 9.518x10" x10x10° = 9.518V 
10 M 

500 kS2 

S8kIR, k=9.518x10 x5.8 x 10 = 5.52 mV 
5.8 kS2 

1oX=IR,og= 9.518x 10"x10=9.518 pV 10 V 

1002R00K=9.518x10 'xl100=9.518x10 'v 
100 92 

s00k R00A=9.518x10 'x 500 x 10* = 0.4759 VV 

In order to prove KVL, if we add all the voltage 

drops across each resistor, it should be equal to the 

supply voltage. 

10 2 

FIG. E1.11(b) 

9.518 +5.52 x 10 +9.518x 10+9.518>x 10 +0.4759 = 10V 
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Example 1.12 A 10V power supply having an internal resistance of 302i 

Tent th 

e of 3092 is connec-

series with two resistors of values 100 SM and R, Find the value of R, if the curesa 

the circuit is I mA. 

Solucion 

The circuit with uie given data can be drawn as shown in Fig. El.12. 

R 100 2 

MM MM-

10V 

FIG. E1.12 

As the circuit is in series form, same current flows through all the resistors. Applying KVE 

to this circuit for the assumed current direction, we have 

100/+RI+30/ =10 

(130+R.) xlx10** =10 

Therefore, R, =9870Q 

Example 1.13 For the circuit shown in Fig. E1.13(a), find the voltage across r and 

100 20 2 

M- W 
2V 

10V 50 
5 10VT 

FIG. E1.13(a) 
Solution 

To simplify the analysis the given circuit can be redrawn as shown in Fig. El.i b). 
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*** *********** ********* * 

100 
2V b 

10V 

50 2 5 
10 VT 

(1) 
(2) 

d 
20 2 

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 1, and I,, 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+-5, =0 

V=8+5 
The only current flowing through the 52 resistor is due to the current, 1, in loop-1. From 
the current direction of 7, through the 52 resistor in Fig. E1.13(b), it is found that the 
direction of current is opposite to the traverse 
direction shown in Fig. E1.13(c). So, a negative 
Sign is assigned to 57, in the KVL equation. 

2V 

Applying KVL for loop-1 shown in Fig. E1.13(6), 
we get 

5 S2 1007, +5, =10 
10 V 

= 0.095 A 

Therefore, V8+5x0.095-8.476V 
and V-V=-8.476 V 

FIG.E1.13(c) 

Example 1.14 For the circuit shown in Fig. El.14, if v, = 20V, find the current, I 

20 Solution 

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

20/+25-10v, = 0 sv 10 v 

20/= -25 +10x 20 

I 8.75A 
20 

FIG. E1.14 
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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. As the current has to flow through more than one branch, the current gets divided in 

a parallel circuit. But the net voltage remains the same across all the branches connected 

in parallel 
Consider a simple circuit consisting of two resistors connected in parallel as shown 

in Fig. 1.14(a). Ifa voltage. , is applied to node 'a' the circuit, then current, 1, is divided 

into , and1. 

1.6 RESISTORS IN PARALLEL CIRCUITS 

R,R2 
Rea R1 

R+Rz 

(b) (a) 

FIG. 1.14(a) Two resistors in parallel, (b) lts equivalent 

Applying KCL to the node 'a', we get 

I=1 + 
We also know from Ohm's law that 

1R=1R, =V, 

V, =and1,= R 1.e., 

Therefore, 
R R 

R,R IR V, +R, 

Thus, as shown in Fig. 1.14(b), two parallel resistors, R, and R,. can be replaced with their 

R,R equivalent single resistance, y R+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 current, I, gets divided in the node 'a"' as /,.I, and 1, Applying KCL at the node 'a' we have 

I=1+l+l ww 
According to Ohm's law, V, = 1,R 
Therefore, 

ww 
R 

R 

Similarly K=1,R ie., = 

and V=1,R3 i.e., 1, ==2 

Hence, FIG. 1.15 Three resistors in parallel 
R R 

As the net voltage remains the same across all the branches connected in parallel, 

V=V=Vs =V, 
Hence 

R 

where 

Since conductance, G=the above equation for parallel circuit equivalent resistance 
R 

can be written in terms of conductance as, 

GG, +G, +6, 
Ifn fixed resistors are connected in parallel, then 

R 
and G, = G, +G, ++G, 

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 

R eq RR R R 
5. Ifn resistors all having equal resistance values are connected in parallel, then the 

equivalent resistance of the circuit is R, = 

6. Branch currents, conductances and powers are additive in a parallel circuit. 
n 

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. 
2. 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. 

Example 1.15 Find the current delivered by the source for the network shown in Fig. 

E1.15(a) using the network reduction techniques. 

3 2 8 2 6 

28 S 249 12 2 
100 V 

8 2 

W 
3 2 62 

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

1s noticed that the output end consists of a series combination of three resistors 62, 122 

and 62, which can be replaced by a single equivalent resistor as shown in Fig. E1.15(b). 

R,=6+12+6=242 
W 

3 2 82 

100 V 28 S2 24 S 24 2 

M-
82 3 2 

FIG. E115(b) 
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The parallel combination of two 24 resistors shown in Fig. El.15(b) can be replaced by 
equivalent ,4-24 Q=122, as shown in Fig. EI.15(¢). 

w 
3Q 82 

100 V 28 12 2 

82 

W 

FIG.E1.15c) 
The series combination of resistors 82 122 

32 and 82 in Fig. E1.15(c) can be replaced by its 

equivalent (8+12+8).2 = 282, as shown in Fig. 

E1.15(d). 

100 V 28 28 2 

32 

The parallel combination of two resistors of 

282 each in Fig. El.15(d) can be replaced by 
28x 28 

FIG E115d) 
32 

= 14Q as shown in Fig. El.15(e). 
100 V 14 2 28+28 

3Q Finally, the series combination of 32, 14Q and 

3 in Fig. E1.15(e), can be replaced by (3+ 14+ 

3)2=20S2 as shown in Fig. E1.15(f). 
FIG. F1.15(e) 

Therefore, according to Ohm's law, the total 
20 2 100 V current delivered by the source, 

100 
I= =5A 

20 FIG.E1.150 
Example 1.16 A circuit consists of three resistors of 32, 42 and 6SQ in parallel and 
fourth resistor of 42 in series. A battery of 12V having an internal resistance of 6SQis 
connected across the circuit. Find the total cuTent 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). 

4 

6 
3 40 12V 

(a) 
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4 2 
4 2 

6S 62 

1.714 2 62 11.333 12 1.333 12V 12V 

(c) (d) 

FIG. E1.16 

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 end (load) of the circuit and progressively followed to the input (source). 
Starting the analysis from the load, the parallel combination of two resistors, 

3Q and 4 can be replaced by a single cquivalent resistor, t 1.e., 

3x4 RR 
R=Raa l R4n =1.7142 as shown in Fig. E1.16(b). 

3+4 
The parallel combination of the resistors, 1.7149 and 69, is replaced by its cquivalent 

1.714x6 
resistor, R =R4 l Ra .3332, as shown in Fig. E1.16(¢). 

1.714+6 
Finally, the series combination of the resistors, 1.3332, 42 and 62, can be replaced by 
R=1.333 +4 +6 11.3332, as shown in Fig. El.16(d). 
According to Ohm's law, the current flowing in the circuit, 

12 
I= =1.0589A 

11.333 
The terminal voltage across the battery is the difference between the battery voltage and 
voltage drop in the internal resistor. 

Tter min aV-Vs 
According to Ohm's law, the voltage drop across 62 resistor, 

VsaIRsa = 1.0589 x 6=6.353V 

Terminal = 12-6.353 = 5.647 V Therefore, 

Example 1.17 Equivalent resistance of two wires is measured as 1502 when connected 
in series and 100/3 when connected in parallel. Calculate their individual resistance* 
values. 

Solution 

Total resistance when connected in series = 1502 
1.. R,+R=150 

Total resistance when connected in parallel = N 
3 
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RR, 
R, +R 

100 i.e. 

Substituting the value of R, + R, in the above equation, we get 

RR 100 
150 3 

RR, = 5000 

S000 RRa or 

Substituting the above equation in R, +R,= 150, we get 
5000 

+R, =150 
R, 

Thus, 

ofr, R-150R,+ 5000=0 
-btVb-4ac As this equation is in quadratic form (ax* +bx +c = 0), the solution |x = 

can be obtained as, 2a 

R 150) V150-4x1x5000 
2x1 

R =1002 (or) 502 

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

R 

R =502 (or) 1002 

Example 1.18 For the circuit shown in Fig. E1.18(a), find the equivalent resistance 

between the terminals A and B. 

0.5 2 12 
A 

M-
22 

10 S2 

FIG. E1.18(a) 
Solution 

It is convenient to analyze the given circuit in its simplitied form using network reduction. 
Inspecting the circuit, it can be notuced that it consists of two parallel resistors 1Q and 20 

as shown by dashed lines in Fig. EI.18(b). 
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0.5 S 

M A 

22 

WM 
102 

FIG. E1 18(b) 

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

RR single equivalent resistor using the relationship R., = 

R+R, 

1x2 R 1+2 

The cireuit in the reduced form is shown in Fig. EI.18(©). 

2/3 2 0.5 S 
B A 

w-

10 2 

M 
FIG. E1.18(c) 

It consists of two resistors2 and 0.52 in series. These resistors can be reduced into a 

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

R,+0.5=n 
The circuit in the reduced form is sh wn in Fig. El.18(d). 

7/6 2 
B 

109 

W-
EIGE118() 
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Between the terminals A and B, as there exists a parallel combination of two resistors 7/62 and 102, the equivalent resistance is 

x10 R 70 
671.045Q 

67 :+10 6 

Example 1.19 For the circuit shown in Fig. E1.19(a), find the equivalent resistance 
between points C and D. 

5 bc 

D 

10 20 2 
A W 

FIG. E1.19(a) 

Solution 

The given circuit of Fig. E1.19(a) can be redrawn as 
shown in Fig. El.195). 

Inspecting the circuit, it can be noticed that 
there exist two sets of parallel resistors 52 |22 and 
102|200 as shown by dotted lines in Fig. E1.196). 

Replacing the parallel resistors by their equivalent 

resistances we get the network as shown in Fig. 

E1.19(c). 

Co 

2 

102 20 2 

5x2 Rsaaa =1.4290 
5+2 

Do-

10x 20 6.6672 
Rrocm2o0 10+20 FIG. E1.19(b) 

CO Co 
1429 

8.096 Series 

6.667 

DO-DO 

FIG. E1.19(c) FIG. E1.19(d) 
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Now, the series combination of two resistors 1429N and 6.6672 can be replaced by its 

equivalent circuit as shown in Fig. E1.19(d). 

R=1,429+6.6672 

= 8.096 SQ 

Therefore, ReD= 8.096Q 

Example 1.20 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 ==242 

The required load current 1, =1A, and the total current I=1+1, =0.5+1=1.5 A. 

Therefore, the required total circuit resistance, R, = ==82 

The equation for parallel circuit equivalent resistance is given as 

=0.125-0.042 

=0.083 

Therefore, R, =12.0482 

Example 1.21 Two resistors, 32 and 52, 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 7.52. 

Solution 

Given: Rg and R, are connected in parallel, total resistance R, = 7.5& and series resistance 

R= 32. 

The equation for the parallel combination of two resistors is 

RaR5R R, Rsa +R, 5+R, 
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R,R, +R, 

+3 7.5 5+R, 
SR,=4.5(5+R,) 

=22.5+4.5R, 

R 450 
0.5 

Example 1.22 For the circuit shown in Fig. E1.22(a), find the unknown voltages, V, and 
V across the resistors. 

SV 3V 
W-

25 V 

6V 7V 

FIG. E1.22(a) 
Solution 

The voltage drops across parallel branches remain equal. Therefore, ,=K 
Assuming clockwise curent traversal direction as shown in Fig. E1.226) and applying 
KVL with respect to loop current, 1, we get 

5+3++7+6-25 =0 
5V 3V 

ww tww-

25 V 

ww W 
6V 

FIG. E1226D 
25=5+3+K+7+6 

V=25-21 

=4V 

,=K,=4V 
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Example 1.23 For the circuit shown in Fig. E1.23(a), find the values of l and R. 
S 

2A 

10 

10 
100 V 

FIG. E1.23(a) 

Solution 

Assuming clockwise traversal current direction for I, in the middle loop as shown in Fig 
El.23(6), and applying KCL at node 'a', we get 

=I+2 

Applying KVL for the middle loop, we get 

100 10/, +107 

Substituting the equation of 1, in the above equation, we get 

100 10(7+2)+107 
20/ = 80 

I= 4A 

MM 2A 

10 2 

Since 102 and R are in parallel, 
100 V 10 R 

VonVa 
10x4 2xR 

R 202 FIG. E1.23(b) 

Example 1.24 Find the value of V, in the network shown in Fig. E1.24(a). 

04 A 2.083 A 0.5 1 
W 

2 Y 0.583 A 2 0.5 A 

2 3 20 Y 1A C 

FIG. E1.24(a) O 
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Solution 
The given circuit can be redrawn as shown in Fig. E1.24(6). 

5.04 A 2.083 A 
2 2 0.5 1 

w 
Y0.583 A Y 0.5 A 

2 3 2 2 1A 

FIG. E1.24(b) 
Applying KCL to node 'b', we get 

I,=5.04-2.083 2.957 A 
Applying KVL to the loop "abga', we get 

2x5.04+ 2xI, -V, =0 

V, =10.08+2x2.957=15.99 V 

Example 1.25 

using Kirchhoff's laws. 
Obtain the potential difference, Va in the circuit shown in Fig. El.25 

5 ohms 

3 ohms 
B 

10 V 
5 

ohms 

2 ohms 9V 

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). 
Now the circuit consists of two loops one with 

curTent, and the other with cuTent, 1,. Assuming the 
current direction to be clockwise, and applying KVL for 

the first loop, we get 

9V 
5 

W 

10v 

(5+5)/ =10 

=A FIG.E1.25(b) 
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