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B10: Resistors in Series and Parallel; Measuring | & V

The analysis of a circuit involves the determination of the voltage across, and the current through, circuit elements in that circuit. A
method that T call “the method of ever simpler circuits” can be used to simplify the analysis of many circuits that have more than
one resistor. The method involves the replacement of a combination of resistors with a single resistor, carefully chosen so that the
replacement does not change the voltage across, nor the current through, the other circuit elements in the circuit. The resulting
circuit is easier to analyze, and, the results of its analysis apply to the original circuit. Because the single carefully-chosen resistor
has the same effect on the rest of the circuit as the original combination of resistors, we call the single resistor the equivalent
resistance of the combination, or, simply, the equivalent resistor.

Resistors in Series

One combination of resistors that can be replaced with a single effective resistor is a series combination of resistors. Two two-
terminal circuit elements in a circuit are in series with each other when one end of one is connected with one end of the other with
nothing else connected to the connection. For instance, R; and Ry in the following circuit are in series with each other.
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From our viewpoint, the right end of R; is connected to the left end of Ry and nothing else is connected to the point in the circuit
where they are connected.

R; and R; in the following circuit are also in series with each other:

Ry Ry
AL A

But, R; and R; in the following circuit are not in series with each other:
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While it is true that the right end of R; is connected to the left end of Rj, it is not true that “nothing else is connected to the

connection.” Indeed, the left end of R3 is connected to the point in the circuit at which R; and R are connected to each other.

In implementing the method of ever simpler circuits, the plan is to replace a combination of resistors that are in series with each
other with a single, well-chosen equivalent resistor. The question is, what value must the resistance of the single resistor be in order
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for it to be equivalent to the set of series resistors it replaces? For now, we simply give you the result. The derivation will be
provided in the next chapter.

The equivalent resistance of resistors in series is simply the sum of the resistances.

Rs=R;+Rs+ Rs+...

Resistors in Parallel

Circuit elements are in parallel with each other if they are connected together (by nothing but “perfect” conductor) at both ends. So,
for instance, Ry and R3 in the following circuit are in parallel with each other.
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On the other hand, R; and Rj3 in the following circuit are not in parallel with each other.
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Resistors Ry and Rj3 in the following circuit are in parallel with each other:

But, none of the resistors in the following circuit are in parallel with each other:
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whereas R; and Rj3 in the following circuit are in parallel with each other:

So what is the equivalent resistor for resistors in parallel? Here we provide the result. We save the derivation for the next chapter.

The equivalent resistance of resistors in parallel is the reciprocal of the sum of the reciprocals of the resistances of the resistors

making up the parallel combination:

v/ Example

Find the voltage across, and the current through, each of the circuit elements in the diagram

below.

12volts

Solution
First we add some notation to the diagram to define our variables (do not omit this step):
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=12volts

The + and — signs on the resistors (indicating the high potential side and the low potential side of each resistor), are an
important part of the definition of the voltages. If you are given values, and the value you calculate for V1 turns out to be
positive, e.g. +5.0 volts, then the reader of your solution knows that the potential of the left end of R; is 5.0 volts higher than
that of the right end. But, if the value that you calculate for V; is negative, e.g. —5.0 volts, then the reader knows that the
potential of the left end of R; is 5.0 volts lower than that of the right end.

The “+” and “—” labels on the resistors must be consistent with the current direction. In fact, one first draws and labels the
current arrows, and then puts the “+” on the end of the resister that the current enters (and the “—” on the other end).

Next we draw a sequence of circuits. Each new diagram includes an equivalent resistor in place of one series combination or
one parallel combination. (Do not omit any diagrams, and, do not replace anything more than a single series combination or a
single parallel combination of resistors in any one step.) As you draw each circuit, calculate the value of the equivalent
resistance.

First, we copy the diagram from the preceding page.

I, R=250 R =420
s 2z

Next, we replace the series combination of R; and R, with the equivalent resistor Ry5.

I_up Ry>
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Ris=Ri+ Ry

Ris =250 +42Q
Ry5 =670
Finally, we replace the parallel combination of R, and R3 with the equivalent resistor Rja3.

1
Rips =

A 1
Ry2 +R3
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1
Rips=—F""7-
67Q " 580
Ris; =31.1Q

Now we analyze the simplest circuit, the one I have labeled “3” above.

thg =31.1Q
AYATATAY
|
— !
% V=12 volts

One of the most common mistakes that folks make in analyzing circuits is using any old voltage in V = I R. You have to use
the voltage across the resistor. In analyzing circuit 3, however, we can use the one voltage in the diagram because the voltage
across the seat of EMF is the voltage across the resistor. The terminals of the resistor are connected to the same two conductors
that the terminals of the seat of EMF are connected to. Thus,

V =1IRy3
14
I =
Rias
B 12volts
©31.1Q
I1=0.3864

At this point, we’ve got two of the answers. The voltage across the seat of EMF was asked for, but it is also given, so we don’t
have to show any work for it. And now we have the current through the seat of EMF.

V =12 volts
I =0.39 amperes

Note that the arrow labeled I in our diagram is part of our answer. It tells the reader what I means, including the direction of
charge flow for a positive value of I.

Our next step is to take the information that we have learned here, to our next more complicated circuit. That would be the one
I labeled “2” above.

@ R, =580
AAA
—> —
i Tk

1=0.386 A

~_1

=12 volts

There are only two wires (conductors) in this circuit. I am going to highlight them in order to make my next point:
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|
V=12 volts

Highlighting the conductors makes it obvious that the voltage across R;s is the same as the voltage across the seat of EMF

because, in both cases, the voltage is the potential difference between one and the same pair of conductors. Likewise, the
voltage across Rj is the same as the voltage across the seat of EMF. Hence, we have,

Vig=V
Via = 12 volts
and,

Va=V
V3 =12 volts

The last value is one of our answers. We were supposed to find V3. Now that we know the voltage across R3, we can use it in
V =1R to get I3.

5, R,=670
— A=
V,, =12 volts

@ R, =580
+ e s
— B AAAY

V, =12 volts

+-——

|
I=0.386 A V=12 volts

For resistor R3, we have:

Vs =I3R;3
V3
"Ry

I = 12 volts
58Q

I3 =0.207 A

The voltage and current through resistor R3 are answers to the problem:

I3

V3 = 12volts

I3 =0.21 amperes
Now let’s get the current through Rj2. I’ve labeled that current I; in diagram 2
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Il =67Q
+ AMAA=
V,=12volts
@ =580
WW_
7 V,=12volts
|
D —— ||
=364 5 19wis
For resistor R;5, we have:
Vis=I11Ry
Via
I =
'" Ry
_ 12 volts
V)
I, =0.179 A

Now it is time to take what we have learned here up to the next more complicated circuit (which is the original circuit).

I1 R=25Q R=42Q
R=58Q

= WW

I V.

V=12volts

I copy that here with the values of the current included:

1= 0179A R=25Q R,=42Q

WV\, ‘V\N\f
R 53:1
—»

1,=0.207A ¥,

|
0386 A

1=0.386 A
V=12volts

It is clear from this diagram that the current I; that we just found (the current through R;5) is the current through R, and, it is
the current through R,.

L =1
=0.179 A

These are answers to the problem.

With the current through R; known, we can now solve for V;:
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Vi=hLR,
V1 =0.179 (25Q)
Vi =4.5volts
Thus, our answers for resistor R are:
Vi =4.5 volts
I; =0.18 amperes
And, with the current through Ry known, we can solve for V5:
Vo=LR,
V5 =0.179 A(42Q2)
Vo = 7.5 volts
Thus, our answers for resistor Ry are:
Vo = 7.5 volts

I, =0.18 amperes

How to Connect a Voltmeter in a Circuit

As discussed earlier in this book, a voltmeter is a device used for measuring the potential difference between two different points in
space. In a circuit, we use it to measure the potential difference between two conductors (wires) in the circuit. When you do that,
the voltmeter becomes a two-terminal circuit element of the circuit. The ideal voltmeter, as a circuit element, can be considered to
be a resistor with infinite resistance. As such, it has no effect on the circuit. This is good. We don’t want the measuring device to
change the value of that which you are trying to measure.

A voltmeter consists of a box with two wires coming out of it. Typically, each wire ends in a metal-tipped wand (called a probe) or
some kind of metal clip. The box has a gauge on it which displays the potential difference between the two wires. Touch the tip of
one wire to one point in the circuit and the tip of the other wire to another point in the circuit (being sure to establish good metal-to-

metal contact at both points) and the voltmeter will display the potential difference (the voltage) between those two points in the
circuit.

A typical manner of depicting a voltmeter in a circuit is to draw it as

-

To connect a voltmeter to measure the voltage across R; in the following circuit:
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hook it up as indicated in the following diagram.

As far as its role as a circuit element (a side effect), the ideal voltmeter has as much effect on the circuit it is used on, as the air
around the circuit has.

How to Connect an Ammeter in a Circuit

The ammeter, a device used to measure current, is a totally different beast. The ideal ammeter acts like a perfectly-conducting piece
of wire that monitors the charge flow through itself. Connecting it in a circuit as you would a voltmeter (don’t do it!) will
drastically change the circuit (and could cause damage to the meter).

A typical manner of depicting an ammeter in a circuit is to draw it as

i

To connect an ammeter to measure the current in R; in the following circuit:

You have to first break the circuit,

and then connect the ammeter in series with the circuit element whose current you wish to measure.
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Remember, to measure current with an ammeter, some disassembly is required!

This page titled B10: Resistors in Series and Parallel; Measuring | & V is shared under a CC BY-SA 2.5 license and was authored, remixed,
and/or curated by Jeffrey W. Schnick via source content that was edited to the style and standards of the LibreTexts platform.
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