Chapter 4

Series Circuit

Electrical components/elements can be connected to form a network or circuit. Depending on the
elements interconnection we can determine the current and voltage distribution among the
elements and determine whether they are series, parallel, or series-parallel circuit.

Chapter 4 presents the voltage and current behavior through elements connected in series. It
introduces the definition of series circuit, current flows and voltage drops through elements
connected in series, and the equivalent resistance of a series resistivity circuit.

By the end of chapter 4, students should be able to:

- identify a series circuit and the current and voltage through each element in the series
circuit.

- calculate the equivalent or total resistance of a series resistivity circuit.

- apply Kirchhoff’s Voltage Law, KVL, and Voltage Divider Rule, VDR, to find an
unknown voltage in a series circuit.

- find the equivalent voltage of a series voltage sources.

4.1. Series Circuit Characteristics

4.1.1. Series Circuit Connectivity
To understand series circuit, let’s see the connection of two elements in series first. Two
elements are connected in series if one of their terminals are connected to the same node.

Node

Figure 4.1. Two elements connected in series
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Then, elements are connected in series if they are arranged in a chain with only two elements
connected in each node.

Node Node Node Node

Figure 4.2. Elements connected in series

4.1.2. Current flowing through elements in a series circuit

If we apply the Kirchhoff’s Current Law, KCL, to analyze the current through elements
connected in series, we can find that current leaving one element is the same coming into the
next element in series.
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Figure 4.3. Current flowing in a series circuit
4.1.3. Voltage distribution in elements connected in series

The total voltage applied to a series network is equal to the algebraic sum of the individual
voltage drops/applies at each of the elements connected in series.

Example 4.1) For the following series network:

k +5V- +3V - +7V - )

+15V-

if we apply Kirchhoff’s Voltage Law to the network, the total voltage across the three elements
in seriesis +5V +3V +7 V = +15 V. On the other hand, if we swap the polarity of the third
element,

B - - B
k +5V- +3V - -TV+ )

N
+1V-

then when KVL is applied to the network, the total voltage across the three elements in series is
+5V +3V -7V =+1V, and it keeps the polarity of the greatest voltage.

Chapter 4 — Series Circuit - Introduction to Circuit Analysis - Page 2 of 9



Example 4.2) For the following series circuit,

+6V-

- 'u‘3+

We can find the missing voltage, Vs, if we apply KVL to the closed circuit as,
+12V-6V-4V-V3=0V

After KVL, we can apply algebraic math to solve for the unknown voltage, Vs:

+2V-V3=0V
+2V=Vs3

4.2. Series Resistivity Circuit
4.2.1. Equivalent Resistivity in a Series Network

In electronics, an equivalent circuit refers to a theoretical circuit that retains all of the electrical
characteristics of a given circuit. Often, an equivalent circuit is sought that simplifies
calculations, and more broadly, that is a simplest form of a more complex circuit in order to aid
analysis. (Johnson, 2003)

The equivalent resistance of two or more resistors connected in series is the sum of the individual
resistance.

Example 4.3) For the following network of five resistors,

R1 R2
a 32002 5600
R3
1500
R5 R4
b
4200 2200

the equivalent or total resistance between node a and b is 320Q + 560Q + 150Q + 220Q + 420Q
=1670Q = 1.67 kQ
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4.2.2. Voltage distribution in a series resistivity circuit

Since the current flowing through each resistor in a series circuit is the same, the voltage drop
across a resistor in a series circuit is directly proportional to the size of the resistor.

Example 4.4) For the following series circuit:

a. Find the total resistance, Rt
b. The total or source current, Is, and the current through each resistor Ir1, Ir2, and Irs

c. The voltage drop at each resistor, Vr1, Vrz, and Vr3a
R1

1.3k0Q
+
Vs —— R2
1057 2.9k0)
R3
1.2k
Answer:

a. Since R1, Rz, and Rs are connected in series, then the total resistance will be the sum of
them:
33kQ+25kQ+1.2kQ =7kQ
Rr=7kQ

b. To find the total or source current, we can use Ohm’s law:

_Ys_ 105V 105V
STRy 7kQ 7 x103Q - em

Ig =15mA

If we apply KCL to the series circuit, we can confirm that only one current is flowing to
each element in the series circuit, therefore, the current to each element is same as the
source current.

IS = IRl = IRZ = IR3 = 15 mA

c. Once we know the current flowing within the series circuit, we can apply Ohm’s law to
find the voltage across each resistor:
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Vey = Igy X Ry = (1.5 mA) X (3.3 kQ) = (1.5 x 10734) x (3.3 x 103Q) = 495V

Vay = Iny X Ry = (1.5mA) X (2.5 kQ) = (1.5 x 10734) x (2.5 x 103Q) = 3.75V

Vis = Iz X Ry = (1.5 mA) x (1.2 kQ) = (1.5 x 10734) x (1.2 x 103Q) = 1.8V

We can also check if our calculation is correct by applying KVL with a conventional
current flowing clockwise:

R1

Vs —
105V T

Ay
3.3k0
+4. 95V

1.8V +
R3

,  |R2
3.75 v§2-5m

1.2k0)

Sum of all voltages =0V
+105V-495V-375V-18V =0V

ov=ov vV

Example 4.5) For the following series circuit:

a. Find the resistance of R3
b. Find the source voltage, Vs
c. Find the total resistance, Rt

25 mA R
5600
+
Vs —
-9V +
R3
Wi

R2
8800
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Answer:

a. Since there is only current flowing through each element in a series circuit, then:
IS = IRl = IRZ = IR3 = 25 mA

Also, as Vrs is given as 9 V, then we just need to apply Ohm’s law to find the resistance
in Rs:

Vs 9V 9V
~Izs  25mA 25 x 10734

R, =360 Q

R, =360 Q

b. To find the source voltage, Vs, we can find the voltage across R1 and R> first, and then
apply KVL to find the total or source voltage:

Ver =Ig1 XR; = 25mA X 5600 = 25 X 10734 %5600 =14V
Vea =1Igy X R, =25mAx880Q = 25 Xx10734x 8800 =22V
KVL:

Vo= Ve = Vre = Vgz =0V

Ve— 14V — 22V -9V =0V

Vs— 45V =0V

Ve =45V

Voltage Divider Rule, VDL

In electronics, a voltage divider (also known as a potential divider) states that the voltage across
a resistor is directly proportional to the ratio of the resistance with respect to the total or
equivalent resistance in series connection:

Ry
VRx = X VS
RT(series connection)

Formula 4.1 — Voltage Divider Rule to find the voltage across Ry

Therefore, the higher the resistance the higher will be voltage drop.
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Example 4.6) For the following circuit, use Voltage Divider Rule to find the voltage across each
resistor:

R1
A
3.8k
+
Vs — R2
R3
At
2.9k02
Answer:

To apply the Voltage Divider Rule, we need to find the total resistance of resistor connected in
series first:

Rr =R+ R, +R; =38kQ+1.2kQ + 2.5kQ = 7.5kQ

Once we have the total resistance, now we can calculate the voltage across each resistor in the
series circuit:

_ Ry _ (3.8kQ _

VRl B (RT(series connection)) X VS - (7-5 kﬂ) % 30 V B 152 V
- Re _ (12K _

VRZ B (RT(series connectian)) % VS - (7-5 kQ) % 30 V B 48 V
_ R3 _ (25kQ _

VR3 B (RT(series connectian)) % VS - (7-5 kQ) % 30 V B 10 V

We can apply KVL to check our calculation:
30V-152Vv-48V-10Vv=0V
30vV-30v=0V

ov=ov v

Chapter 4 — Series Circuit - Introduction to Circuit Analysis - Page 7 of 9



4.2.3. Power distribution in a series resistivity circuit

As the current flowing through each resistor in a series circuit is the same but the voltage drop in
each resistor is different, depending on the resistance, then the power dissipation by each
individual resistor in a series circuit is also different, and their combined total adds up to the
power source, Ps, or total power, Pr:

Ps = Ppq + Ppy + Pp3 + -+ P

N

where Ry means up to number of resistors connected in series

Example 4.7) For the circuit in Example 4.4, find the power dissipated by each resistor and by
the voltage source:

1.5 mA

3.3kQ)

+ k4 95 W
Vs — R2

]
105V T 3.75 v 3256

1.8V +
R3

LAe
1.2k}

Since we know at least two information of each resistor, we can apply the power formula to find
the power dissipated in each resistor:

2
VR1

R or PR1=VR1XIR1 or PR1=IR12XR1
1

Ppy =

Let’suse Prq; = Vpq X Ip1

Pry =495V X 1.5mA =495V x 1.5 x 10734 = 7.425 X 1073W = 7.425 mW = 7.43 mW
Pr, =3.75V x1.5mA =375V x 1.5 x 10734 = 5.625 X 1073W = 5.625 mW = 5.63 mW
Prs =18V x15mA=18Vx15 x10734 =27 x1073W = 2.7mW

Ps =105V x1.5mA =105V x 1.5 x 10734 = 15.75 x 1073W = 15.75 mW

We can also add the individual power dissipation to find the total power:
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