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Overview

• reminder about Ohm’s Law

• potential drops in circuits

• reminder about ammeters and voltmeters

• using a breadboard



Ohm’s Law

Ohm’s law is the principle used to measure resistance in the first
and second labs.

We found last time that Ohm’s law held for the resistors we are
using at room temperature. We can now assume it holds for each
component resistor.

Remember, Ohms Law:

V = IR

where R is constant.

In this lab, we can use Ohm’s law to figure out the potential drop
across or current through resistors that are just one part of a larger
circuit.



Current and Potential Difference in a Circuit
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RESISTANCE RULE: For a move through a resistance in the direction of the 
current, the change in potential is !iR; in the opposite direction it is "iR.

EMF RULE: For a move through an ideal emf device in the direction of the emf 
arrow, the change in potential is "!; in the opposite direction it is !!.

CHECKPOINT 1

The figure shows the current i in a single-loop circuit
with a battery B and a resistance R (and wires of
negligible resistance). (a) Should the emf arrow at B
be drawn pointing leftward or rightward? At points
a, b, and c, rank (b) the magnitude of the current, (c)
the electric potential, and (d) the electric potential
energy of the charge carriers, greatest first.

a b c 
B 

i 

R 

27-5 Other Single-Loop Circuits
In this section we extend the simple circuit of Fig. 27-3 in two ways.

Internal Resistance
Figure 27-4a shows a real battery, with internal resistance r, wired to an external
resistor of resistance R. The internal resistance of the battery is the electrical
resistance of the conducting materials of the battery and thus is an unremovable
feature of the battery. In Fig. 27-4a, however, the battery is drawn as if it could be
separated into an ideal battery with emf ! and a resistor of resistance r.The order
in which the symbols for these separated parts are drawn does not matter.

If we apply the loop rule clockwise beginning at point a, the changes in
potential give us

! ! ir ! iR # 0. (27-3)
Solving for the current, we find

. (27-4)

Note that this equation reduces to Eq. 27-2 if the battery is ideal—that is, if r # 0.
Figure 27-4b shows graphically the changes in electric potential around the

circuit. (To better link Fig. 27-4b with the closed circuit in Fig. 27-4a, imagine
curling the graph into a cylinder with point a at the left overlapping point a at
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Fig. 27-4 (a) A single-loop circuit containing a real battery having internal resistance
r and emf !. (b) The same circuit, now spread out in a line.The potentials encountered
in traversing the circuit clockwise from a are also shown.The potential Va is arbitrarily
assigned a value of zero, and other potentials in the circuit are graphed relative to Va.
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Here, resistances are in series.

What do we know about the current through each resistor?

It
must be the same for both!

The “resistor” of value r has a voltage drop of Vr = ir .

The R resistor has a voltage drop of VR = iR.

How could we find i? What is the effective resistance of r and R
together?
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Here, resistances are in series.

What do we know about the current through each resistor? It
must be the same for both!

The “resistor” of value r has a voltage drop of Vr = ir .

The R resistor has a voltage drop of VR = iR.

How could we find i? What is the effective resistance of r and R
together?



Series and Parallel

Example

Resistors in series:710 CHAPTE R 27 CI RCU ITS

HALLIDAY REVISED

the right.) Note how traversing the circuit is like walking around a (potential)
mountain back to your starting point—you return to the starting elevation.

In this book, when a battery is not described as real or if no internal resistance
is indicated, you can generally assume that it is ideal—but, of course, in the real
world batteries are always real and have internal resistance.

Resistances in Series
Figure 27-5a shows three resistances connected in series to an ideal battery with
emf !. This description has little to do with how the resistances are drawn.
Rather, “in series” means that the resistances are wired one after another and
that a potential difference V is applied across the two ends of the series. In Fig.
27-5a, the resistances are connected one after another between a and b, and a
potential difference is maintained across a and b by the battery. The potential
differences that then exist across the resistances in the series produce identical
currents i in them. In general,

Fig. 27-5 (a) Three resistors are con-
nected in series between points a and b.
(b) An equivalent circuit, with the three
resistors replaced with their equivalent
resistance Req.

When a potential difference V is applied across resistances connected in series,
the resistances have identical currents i. The sum of the potential differences across
the resistances is equal to the applied potential difference V.

Note that charge moving through the series resistances can move along only a
single route. If there are additional routes, so that the currents in different resis-
tances are different, the resistances are not connected in series.

Resistances connected in series can be replaced with an equivalent resistance Req that has
the same current i and the same total potential difference V as the actual resistances.

You might remember that Req and all the actual series resistances have the same
current i with the nonsense word “ser-i.” Figure 27-5b shows the equivalent resis-
tance Req that can replace the three resistances of Fig. 27-5a.

To derive an expression for Req in Fig. 27-5b, we apply the loop rule to both 
circuits. For Fig. 27-5a, starting at a and going clockwise around the circuit, we find

! ! iR1 ! iR2 ! iR3 " 0,

or (27-5)

For Fig. 27-5b, with the three resistances replaced with a single equivalent resis-
tance Req, we find

! ! iReq " 0,

or (27-6)

Comparison of Eqs. 27-5 and 27-6 shows that

Req " R1 # R2 # R3.

The extension to n resistances is straightforward and is

(n resistances in series). (27-7)

Note that when resistances are in series, their equivalent resistance is greater
than any of the individual resistances.

Req " !
n

j"1
 Rj

i "
!

Req
.

i "
!

R1 # R2 # R3
.

CHECKPOINT 2

In Fig. 27-5a, if R1 $ R2 $ R3, rank the
three resistances according to (a) the
current through them and (b) the po-
tential difference across them, greatest
first.

+  
–  

a  

b  

i R 2  

R3 

R1 

i 

i 

(a) 

+
–

a

b

iR eq

(b)

Series resistors 
and their
equivalent have 
the same
current (“ser-i”).

halliday_c27_705-734v2.qxd  23-11-2009  14:35  Page 710

Resistors in parallel:
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JUNCTION RULE: The sum of the currents entering any junction must be equal to
the sum of the currents leaving that junction.

Fig. 27-9 A multiloop circuit consisting
of three branches: left-hand branch bad,
right-hand branch bcd, and central branch
bd.The circuit also consists of three loops:
left-hand loop badb, right-hand loop bcdb,
and big loop badcb.

This rule is often called Kirchhoff’s junction rule (or Kirchhoff’s current law). It is
simply a statement of the conservation of charge for a steady flow of charge—
there is neither a buildup nor a depletion of charge at a junction. Thus, our basic
tools for solving complex circuits are the loop rule (based on the conservation of
energy) and the junction rule (based on the conservation of charge).

Equation 27-18 is a single equation involving three unknowns. To solve the cir-
cuit completely (that is, to find all three currents), we need two more equations in-
volving those same unknowns.We obtain them by applying the loop rule twice. In the
circuit of Fig. 27-9, we have three loops from which to choose: the left-hand loop
(badb), the right-hand loop (bcdb), and the big loop (badcb). Which two loops we
choose does not matter—let’s choose the left-hand loop and the right-hand loop.

If we traverse the left-hand loop in a counterclockwise direction from point
b, the loop rule gives us

!1 ! i1R1 " i3R3 # 0. (27-19)

If we traverse the right-hand loop in a counterclockwise direction from point b,
the loop rule gives us !i3R3 ! i2R2 ! !2 # 0. (27-20)

We now have three equations (Eqs. 27-18, 27-19, and 27-20) in the three unknown
currents, and they can be solved by a variety of techniques.

If we had applied the loop rule to the big loop, we would have obtained
(moving counterclockwise from b) the equation

!1 ! i1R1 ! i2R2 ! !2 # 0.

However, this is merely the sum of Eqs. 27-19 and 27-20.

Resistances in Parallel
Figure 27-10a shows three resistances connected in parallel to an ideal battery of emf
!.The term “in parallel” means that the resistances are directly wired together on one
side and directly wired together on the other side, and that a potential difference V is
applied across the pair of connected sides. Thus, all three resistances have the same 
potential difference V across them,producing a current through each.In general,

Fig. 27-10 (a) Three resistors
connected in parallel across points a
and b. (b) An equivalent circuit, with
the three resistors replaced with
their equivalent resistance Req.

R 2  R3 R1 

a  b  c  

d  

 i 1   i 3   i 2  

+ – 
1 2 

– + 

The current into the junction
must equal the current out
(charge is conserved).

27-7 Multiloop Circuits
Figure 27-9 shows a circuit containing more than one loop. For simplicity, we
assume the batteries are ideal. There are two junctions in this circuit, at b and d,
and there are three branches connecting these junctions.The branches are the left
branch (bad), the right branch (bcd), and the central branch (bd). What are the
currents in the three branches?

We arbitrarily label the currents, using a different subscript for each branch.
Current i1 has the same value everywhere in branch bad, i2 has the same value
everywhere in branch bcd, and i3 is the current through branch bd. The directions
of the currents are assumed arbitrarily.

Consider junction d for a moment: Charge comes into that junction via
incoming currents i1 and i3, and it leaves via outgoing current i2. Because there is
no variation in the charge at the junction, the total incoming current must equal
the total outgoing current:

i1 " i3 # i2. (27-18)

You can easily check that applying this condition to junction b leads to exactly
the same equation. Equation 27-18 thus suggests a general principle:

R3 R1 

a  

b  

 i 1   i 3   i 2  
+ 
– R 2  

(a) 

b  

i R eq 

(b) 

a  

i 

+  
–  

i 

i 

i 

i2 + i3 

i2 + i3 

Parallel resistors and their
equivalent have the same
potential difference (“par-V”).
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Series and Parallel

So for resistors in series, we can use that the current i is the same
across both resistors to find:

1 the potential drop across each resistor

2 the effective resistance of the two resistors together

V

R1

R2



Resistors in Series

The current though resistors in series in a loop is the same.

Let the total potential difference across two resistors be ∆V , then

∆V = IR1 + IR2 = I(R1 + R2)

Then the effective equivalent resistance of both together is just the
sum

Req = R1 + R2

For n resistors in series:

Req = R1 + R2 + ... + Rn =

n∑
i=1

Ri



Series and Parallel

What about two resistors in parallel? What is the same across
both resistors?

R1 R2

V

The potential difference!



Series and Parallel

What about two resistors in parallel? What is the same across
both resistors?

R1 R2

V

The potential difference!



Resistors in Parallel
The potential difference across two resistors in parallel is the same.
(Loop rule.)

Let I be the total current that flows through both resistors:
I = I1 + I2. (Junction rule.)

I =
∆V

Req
=

∆V

R1
+

∆V

R2

Dividing the equation by ∆V :

1

Req
=

1

R1
+

1

R2

For n of resistors in parallel:

1

Req
=

1

R1
+

1

R2
+ ... +

1

Rn
=

n∑
i=1

1

Ri



Resistors vs. Capacitors

Table of equivalent capacitances and resistances for series and
parallel.

resistors capacitors

series Req =
∑

Ri
1
Ceq

=
∑

1
Ci

parallel
1
Req

=
∑

1
Ri

Ceq =
∑

Ci



Example

Consider the circuit pictured with E = 12 V, and the following
resistor values: R1 = 20 Ω, R2 = 20 Ω, R3 = 30 Ω, and
R4 = 8.0 Ω.
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Fig. 27-11 (a) A circuit with an ideal battery. (b) Label the currents. (c) Replacing the parallel resistors with their
equivalent. (d) – (g) Working backward to find the currents through the parallel resistors.

R 2

(a)

a

+
–

R 4

R 1

c

b

R 3

R 2

a

+
–

R 4

R 1

c

b

R 3

 i 2

 i 1

 i 1  i 3

(b)

a c

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b

 i 1
R 23 = 12 Ω

 i 1

 i 1

(c)

The equivalent of parallel
resistors is smaller.

a

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b
 i 1  = 0.30 A

 i 1  = 0.30 A

 i 1  = 0.30 A

(d)

R 23 = 12 Ω = 12 V

a cc

c c

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b
 i 1  = 0.30 A

 i 1  = 0.30 A

 i 1  = 0.30 A

(e)

R 23 = 12 ΩV 23 = 3.6 V = 12 V

Applying the loop rule
yields the current.

Applying V = iR yields
the potential difference.

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

 i 1  = 0.30 A

 i 1  = 0.30 A

 i 2

 i 3

( f )

R 2 = 20 ΩV 2 = 3.6 V

V 3 = 3.6 V

 = 12 V

R 3 = 30 Ω

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

 i 1  = 0.30 A

 i 1  = 0.30 A
(g)

R 2 = 20 Ω
i 2 = 0.18 A

i 3 = 0.12 A

V 2 = 3.6 V

V 3 = 3.6 V

 = 12 V

R 3 = 30 Ω

Parallel resistors and
their equivalent have
the same V (“par-V”).

Applying i = V/R 
yields the current.

b b

A
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What is the current through the battery?

answer: I = 0.30 A

What is the current through resistor R2?
answer: I2 = 0.18 A
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Fig. 27-11 (a) A circuit with an ideal battery. (b) Label the currents. (c) Replacing the parallel resistors with their
equivalent. (d) – (g) Working backward to find the currents through the parallel resistors.

R 2

(a)

a

+
–

R 4

R 1

c

b

R 3

R 2

a

+
–

R 4

R 1

c

b

R 3

 i 2

 i 1

 i 1  i 3

(b)

a c

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b

 i 1
R 23 = 12 Ω

 i 1

 i 1

(c)

The equivalent of parallel
resistors is smaller.

a

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b
 i 1  = 0.30 A

 i 1  = 0.30 A

 i 1  = 0.30 A

(d)

R 23 = 12 Ω = 12 V

a cc

c c

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b
 i 1  = 0.30 A

 i 1  = 0.30 A

 i 1  = 0.30 A

(e)

R 23 = 12 ΩV 23 = 3.6 V = 12 V

Applying the loop rule
yields the current.

Applying V = iR yields
the potential difference.

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

 i 1  = 0.30 A

 i 1  = 0.30 A

 i 2

 i 3

( f )

R 2 = 20 ΩV 2 = 3.6 V

V 3 = 3.6 V

 = 12 V

R 3 = 30 Ω

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

 i 1  = 0.30 A

 i 1  = 0.30 A
(g)

R 2 = 20 Ω
i 2 = 0.18 A

i 3 = 0.12 A

V 2 = 3.6 V

V 3 = 3.6 V

 = 12 V

R 3 = 30 Ω

Parallel resistors and
their equivalent have
the same V (“par-V”).

Applying i = V/R 
yields the current.

b b

A

halliday_c27_705-734v2.qxd  23-11-2009  16:39  Page 717

What is the current through the battery?
answer: I = 0.30 A

What is the current through resistor R2?
answer: I2 = 0.18 A
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Fig. 27-11 (a) A circuit with an ideal battery. (b) Label the currents. (c) Replacing the parallel resistors with their
equivalent. (d) – (g) Working backward to find the currents through the parallel resistors.

R 2

(a)

a

+
–

R 4

R 1

c

b

R 3

R 2

a

+
–

R 4

R 1

c

b

R 3

 i 2

 i 1

 i 1  i 3

(b)

a c

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b

 i 1
R 23 = 12 Ω

 i 1

 i 1

(c)

The equivalent of parallel
resistors is smaller.

a

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b
 i 1  = 0.30 A

 i 1  = 0.30 A

 i 1  = 0.30 A

(d)

R 23 = 12 Ω = 12 V

a cc

c c

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b
 i 1  = 0.30 A

 i 1  = 0.30 A

 i 1  = 0.30 A

(e)

R 23 = 12 ΩV 23 = 3.6 V = 12 V

Applying the loop rule
yields the current.

Applying V = iR yields
the potential difference.

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

 i 1  = 0.30 A

 i 1  = 0.30 A

 i 2

 i 3

( f )

R 2 = 20 ΩV 2 = 3.6 V

V 3 = 3.6 V

 = 12 V

R 3 = 30 Ω

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

 i 1  = 0.30 A

 i 1  = 0.30 A
(g)

R 2 = 20 Ω
i 2 = 0.18 A

i 3 = 0.12 A

V 2 = 3.6 V

V 3 = 3.6 V

 = 12 V

R 3 = 30 Ω

Parallel resistors and
their equivalent have
the same V (“par-V”).

Applying i = V/R 
yields the current.

b b

A
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What is the current through the battery?
answer: I = 0.30 A

What is the current through resistor R2?

answer: I2 = 0.18 A
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Fig. 27-11 (a) A circuit with an ideal battery. (b) Label the currents. (c) Replacing the parallel resistors with their
equivalent. (d) – (g) Working backward to find the currents through the parallel resistors.

R 2

(a)

a

+
–

R 4

R 1

c

b

R 3

R 2

a

+
–

R 4

R 1

c

b

R 3

 i 2

 i 1

 i 1  i 3

(b)

a c

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b

 i 1
R 23 = 12 Ω

 i 1

 i 1

(c)

The equivalent of parallel
resistors is smaller.

a

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b
 i 1  = 0.30 A

 i 1  = 0.30 A

 i 1  = 0.30 A

(d)

R 23 = 12 Ω = 12 V

a cc

c c

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

b
 i 1  = 0.30 A

 i 1  = 0.30 A

 i 1  = 0.30 A

(e)

R 23 = 12 ΩV 23 = 3.6 V = 12 V

Applying the loop rule
yields the current.

Applying V = iR yields
the potential difference.

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

 i 1  = 0.30 A

 i 1  = 0.30 A

 i 2

 i 3

( f )

R 2 = 20 ΩV 2 = 3.6 V

V 3 = 3.6 V

 = 12 V

R 3 = 30 Ω

+
–

R 4 = 8.0 Ω

R 1 = 20 Ω

 i 1  = 0.30 A

 i 1  = 0.30 A
(g)

R 2 = 20 Ω
i 2 = 0.18 A

i 3 = 0.12 A

V 2 = 3.6 V

V 3 = 3.6 V

 = 12 V

R 3 = 30 Ω

Parallel resistors and
their equivalent have
the same V (“par-V”).

Applying i = V/R 
yields the current.

b b

A
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What is the current through the battery?
answer: I = 0.30 A

What is the current through resistor R2?
answer: I2 = 0.18 A



Lab Report

This is a 2-week lab. You will need to prepare a lab report.

Style of the lab report: pretend you are a scientist. Your goals:

• clearly communicate precisely what you did, and the results
you got

• let others know exactly how to repeat your experiment,
confirm your results

• give an introduction to the reader of any theory involved



Lab report

What to assume about the reader:

• they do not know what was on the instruction sheet

• they do not know what precise equipment you used

• they already know how to use all of the equipment

• they are skeptical



Lab report

The lab report should contain:

• an introduction: what are you investigating in this experiment

• the hypothesis: the theoretical predictions you are trying to
test

• a description of the experimental procedure and all equipment
used

• your data / measurements

• analysis: how well did your data agree with the predictions?
Were there any sources of experimental error? Were they
systematic or random? What would you do differently in the
future to improve this experiment?

• conclusion: Does the theory seem correct? Does your data
support it? If not, why not? If there are a few data points
that deviate from predictions, try to explain what may have
occurred. What other related questions could you investigate
in similar experiments?



Lab report

Other things:

• diagrams and tables are often very helpful

• do not make statements without evidence

• do error analysis or give percentage differences where
appropriate

• do not copy word-for-word from the instruction sheet!



Procedure

We will construct these circuits:

V

R1

R2

R1 R2

V



Procedure

On your table that will look like:



Procedure

and:



Procedure

You will use the Simpson VOM as a voltmeter in this experiment
and the HP-DMM as an ammeter to measure the current through
each resistor and the potential difference across each.



Meters

Ammeter

A device for measuring current in a circuit.

The ammeter must be connected in series in the part of the circuit
where you want to test the current.

Voltmeter

A device for measuring potential difference across a component
of a circuit.

The voltmeter must be connected in parallel across the component
where you wish to measure the potential drop.



Breadboards
You will be using a breadboard. The internal wiring of the
breadboard looks like this:

The top and bottom two rows are connected across the board.

Columns are connected downward up until the gap. There are no
connections across the central gap. That is a good place to put
components.

1Image from http://ecee.colorado.edu/ mathys/ecen2250/myDAQ01/



Example Breadboard Circuit



Reading the Value of Resistors

Color guide:

1Images from orcadxcc.org.



HP DMM wiring
To measure resistance:

To measure current (ammeter):


