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Introduction
In this introduction to series resistance circuits, we will explain these three key

principles you should understand:

o Current: The current is the same through each component in a series circuit
Resistance: The total resistance of a series circuit is equal to the sum of the
individual resistances.

Voltage: The total voltage drop in a series circuit equals the sum of the
individual voltage drops.
We’ll examine these three principles using the series circuit consisting of three

resistors and a single battery, as illustrated in Figure 1.
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Figure 1. Series circuit with a battery and three resistors.

Current in a Series Circuit

In a series circuit, the same amount of current flows through each component in the
circuit. This is because there is only one path for the current flow. Since electric
charge flows through conductors like marbles in a tube, the rate of flow (marble
speed) at any point in the circuit (tube) at any specific point in time must be equal.
An important caveat to Ohm’s law is that all quantities (voltage, current, resistance,

and power) must relate to each other in terms of the same two points in a circuit.
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Before we examine the more complex series circuit in Figure 1, let’s examine this
concept for a single resistor circuit.

Using Ohm’s Law in a Single Resistor Circuit

For this initial analysis, we will evaluate the current and voltage for the single resistor

circuit in Figure 2.

9V = 3 kQ

Figure 2. Series circuit with a battery and a single resistor.

Since points 1 and 2 are connected together with the wire of negligible resistance, as
are points 3 and 4, we can say that point 1 is electrically common to point 2 and that
point 3 is electrically common to point 4.
Since the circuit has 9 V of electromotive force between points 1 and 4 (directly across
the battery), it must also drop 9 V between points 2 and 3 (directly across the resistor).
This is because Kirchhoff’s Voltage law states that the sum of all voltages in a loop
must equal zero. Therefore, we can apply Ohm’s Law (I = V/R) to the current through
the resistor because we know the voltage (V) across the resistor and the resistance
(R) of that resistor. All terms (V, I, R) apply to the same two points in the circuit and

to that resistor, so we can use Ohm’s law formula with no reservation:
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Using Ohm’s Law for Series Circuits With Multiple Resistors
Returning to Figure 1’s circuit, we can see that the polarity of the 9 V battery will
again result in a current, I, that will flow in a clockwise direction from point 1 to 2 to

3 to 4 and back to 1. This concept is illustrated in Figure 3.
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Figure 3. Current in a series circuit with a battery and three resistors.

However, we have one source of voltage and three resistances. From there, we might
consider how we use Ohm’s law here.

In the three-resistor example circuit of Figure 3, we have 9 V between points 1 and 4,
which is the amount of electromotive force driving the current through the series

combination of R;, R,, and R3;. However, we cannot take the value of 9 V and divide
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it by 3 kQ, 10 kQ, or 5 kQ to try to find a current value because we don’t know how
much voltage 1s across any one of those resistors individually.

The voltage value of 9 V is the total quantity for the whole circuit, whereas the values
of 3 kQ, 10 kQ, or 5 kQ are individual quantities for individual resistors. If we were
to plug a value for total voltage into an Ohm’s law equation with a value for individual
resistance, the result would not relate accurately to any quantity in the real circuit.
For R;, Ohm’s law will relate the amount of voltage across R; with the current through

Rj, given R, ‘s resistance of 3 kQ:

Vi
3 k)

Ip =

Er = Ir; - 3 k0D

However, since we don’t know the voltage across R1 (only the total voltage supplied
by the battery across the three-resistor series combination) and we don’t know the
current through R, we can’t do any calculations with either formula. The same goes
for R, and Rs—we can apply Ohm’s law equations if and only if all terms are
representative of their respective quantities between the same two points in the circuit.
So what can we do? We know the voltage of the source (9 V) applied across the series
combination of Ry, R,, and R3, and we know the resistance of each resistor. However,
since those quantities aren’t in the same context, we can’t use Ohm’s law to determine
the circuit current. If only we knew what the total resistance was for the circuit, then

we could calculate the total current with our value for total voltage (I = V/R).

How to Calculate Total Resistance in a Series Circuit

This brings us to the second principle of series circuits: the total resistance of a series
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circuit is equal to the sum of the individual resistances.

This should intuitively make sense, basically, the more resistors in series that the
current must flow through, the more difficult it will be for the current to flow.

In the example problem, we had a 3 kQ, 10 kQ, and 5 kQ resistors in series, giving

us a total resistance of 18 kQ:

Rgomj = Rl + R2 + RS

Riotar = 3 k2 4 10 k2 4 5 k2

Rtota! = 18 k(2

In essence, we’ve calculated the total equivalent resistance of R;, R;, and
R3; combined. Knowing this, we can redraw the circuit (Figure 4) with a single

equivalent resistor representing the series combination of R, R,, and Rj:

-
N

+

9V

R,+R,+R, =18kQ

Figure 4. Circuit showing total equivalent resistance of series resistors.

Using Ohm’s Law to Calculate Circuit Current in a Series Circuit
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With all those calculations completed, we now have all the necessary information to
calculate the circuit current for Figure 4 since we have the voltage between points 1

and 4 (9 V) and the resistance between points 1 and 4 (18 kQ).

I total —

9V
Topal = ——— — 500 pA
total = 181Q) -

How to Calculate Voltage Drop in a Series Circuit
Knowing that current is equal through all components of a series circuit (and we just
determined the current through the battery), we can go back to our original circuit

schematic of Figure 1 and note the current through each component, shown in Figure

5 as:

R,=3k0
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Figure 5. Calculated current for the series circuit.

Now that we know the amount of current through each resistor, we can use Ohm’s law to determine the
voltage drop across each one (applying Ohm’s law in its proper context):
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Vi = Ipi - Ry = (500 pA) - (3kQ) = 1.5V
Ve = Igo - Ry = (500 pA) - (10kQ) = 5.0V

Vis = Ips - Rs = (500 pA) - (5kQ) =25V

Notice that sum of the voltage drops (1.5 + 5.0 + 2.5 =9.0 V) is equal to the battery
(supply) voltage of 9 V. This is the third principle of series circuits—the total voltage
drop in a series circuit equals the sum of the individual voltage drops.

H.W.

Three resistors (20, 3Q2, 5Q) are in series with a 20V source. Calculate all voltage
drops using VDR.
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