OHM’SLAW
OBJECTIVES:
PART A: 1) Become familiar with the use of anmeters and voltmeters to measure DC voltage
and current.
2) Leantousewiresand a“breadboard” to build circuits from acircuit diagram.
3) Veify Ohm’'sLaw for seriesand pardld circuits.
4)  Reduce acomplicated resstance circuit to a Smple one-resstor equivaent circuit.
5)  Observe Joule Hesting.

PART B: 1) Veify Kirchoff’'sVoltage and Current Laws.
2)  Apply Kirchoff’s laws to andyze more complex circuit.
3)  Measure an unknown device and seeif it isaconstant resistor.

Preparation for Part A (First Lab)

Study Introduction.

Review sections on Making Graphs, and Key Things Y ou Need to Know from introduction.
Y ou may wish to review circuitsin your Physics textbook.

Preparation for Part B (Second L ab)

Study Kirchoff's Laws.

Study Introduction.

As part of your prepration, work out the theoretical circuit analysis for Part 3; see page 14 of this
lab.

Note: If you are color blind or suspect that you are, you may find the color codes on the resstors
difficult. Please consult your lab ingtructor for advice or hdlp.

INTRODUCTION
One fundamenta law that describes how dectrica circuits behave is Ohm's law. According to
Ohm'slaw, the rdationship of the voltage, current, and resstance in acircuit is.

V=IR (1)

Here, V (involts) = voltage applied to the circuit,
| (in amperes) = current flowing in the circuit,
R (in ohms) = resistance of the circuit.

Equation (1) implies that, for a resstor with constant resistance, the current flowing through it is
proportiond to the voltage across it. If the voltage is held congtant, then the current is inversely
proportiond to the resistance. If the voltage polarity is reversed (that is, if the current is negative
ingead of positive), the same current flows, but in the opposite direction. Ohm’'s Law can be used
to define the resstance by:
R=V/I

If the circuit dement isafixed resgtor, R isacongtant for any V and I.

It is important to understand just what is meant by these quantities. The current (1) is a measure of
how many dectrons are flowing past a give point during a set amount of time. The current flow
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flows because of the dectricd potentid (V), sometimes referred to as the voltage applied to a
circuit. In much the same way that a gravitationa potentid will cause mass to move, dectrica
potentia will cause dectrons to move. If you lift a book and release it from a height (high
gravitationd potentid) it will fal downward (to a lower potentid). The eectricd potentid worksin
agmilar way. If we induce alarge negative charge on one end of awire and alarge positive charge
on the other, the dectrons in the wire will flow because of the charge difference. The resistance of
the circuit isjudt thet; it is ameasure of how difficult it isfor the dectronsto flow. Thisresgtanceis
a property of the circuit itsdlf, and just about any materid has a resstance. Materids that have a
low resstance are called conductors and materials that have a very high resstance are caled
insulators. Some materials have a moderate resstance and il adlow some current to flow. These
are the materids that we use to make resgers like the ones we will use today. In short, the
electrica potentid causes the current to flow and the resistance impedes that flow.

Two or more resistors can be connected together either in series or in pardld. Resgtorsin series
means that the resstors are connected one after another (figure 1a). Resistors in parald means
resstors are connected side by side, parale to one another (figure 1b).

R1
R1 R2
VAVAY VAVAV
R2
Figure la Figure 1b
(Series) (Pardld)

When two resistors (R; and R,) are connected in series, the equivalent resistance Rs isgiven by Ry
= R + R. Tha is, the circuit in Figure 1a behaves (draws current from a given voltage), asif it
contained asingle resstor of resstance Rs .

When two resistors (R; and R;) are connected in parald, the equivalent resstance R isgiven by:
i = i + i or Rp - m
R, R R R+R,

That is, the circuits of Figure 1b behaves asif it contained a Single resstor whose resstance is R, .

Using these two relationships, we can take a complex circuit (like the one on page 14) and redraw it
asif it were a circuit with only asingle resstor. The resistance of that circuit can be cdculated by
using the equations for equivaent resstance to create Smpler circuits. Y ou may wish to review this
process in your Physics text book before you come to lab.
Energy is disspated in a circuit with resstors. That is, energy is logt as current passes through the
resstor. The energy per unit time (power) lost is given by:
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P=1°R
Power has units of watts = Joules/ second. So [amp]? Ohm = watts. By Ohm’s law, we can aso
write the power equation in other forms. For example:

P=IV=V?/R

KIRCHOFF SLAWS

Gudav Kirchoff formulated two very useful generd rules for andyzing circuits. The current law
amply statesthat if current comes into a place where severa wires meet, the sum of al the outgoing
currents equas what went into the junction: “What comes in must go out.” To apply the current
law, assume adirection of current. If you guess the direction wrong, al that hgppensis some of the
currents might need to be negative.

The voltage law says that if you measure the voltage changes around a closed circuit loop, thelr
agebraic sum must add up to zero: “If you go in acircle, you get back to where you came from.”

Again, you need to define voltage drops in a consgstent direction going around the loop. The law
can gpply to any loop in acircuit. Applied to a circuit with a single voltage supply, the law smply
means that the voltage drop across the circuit element(s) isjust equa to the voltage supply. Why? If
you take the direction so that the supply voltage represents an increase, the voltage change in the
circuit will be a decrease of the same magnitude, so they add up to zero. Applied to a parald

arrangement of circuit eements, the voltage law states that the voltage drop across the two eements
isthesame. Why? Since there is no voltage supply in the loop formed by the pardlel eements, one
voltage drop as the negative of the other’ srise as you go around the loop.

DIRECTIONS FOR THE USE OF APPARATUS: The DC Power Supply

A DC power supply provides a variable voltage to a circuit. The black and red connectors are the
negative (-) and the positive (+) output terminas respectively. The voltage knob controls the output
voltage and the current knob controls the limiting current. In this lab, set the current control at
maximum (all the way to theright) at all times.

NOTE: Before meking any change in the arcuit, dways turn the voltage knob to minimum (al the
way to the left) and turn off the power supply!

Voltage Current

Current limit
C} @ / keep on max.
MIN MAX MIN MAX
ON

® o |

OFF

The DC Voltage Supply
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Standard Symbols:

.
— }— = Battery or Voltage Supply

—\"\V— = Resistance

—(V)— = Voltmeter
—(A— =Ammeter

The Digitd Multimeter
As the name suggests, a multimeter has multiple functiondity. It can be used for severd different

purposes, two of which are as a voltage-measuring device (a voltmeter) or as a current measuring
device (an anmeter).

10 A AL
o o
300 mA COM
o o
. J/

The Digitd Multimeter

To use the multimeter as a voltmeter, the did sdector must be set to one of the positions labeled
with “V”. The probing cables should be connected to the two terminds labded “VW’ and “COM”
respectively. It should be noted that there are two different types of “V” settings. One has atilde
(~) over it. This indicates thet it is AC voltage. The two lines over the V (one solid and one
dashed) indicate DC voltage. During the first two labs we will be interested in using the DC stting.
It should be further noted that there is dso a setting that reads “300 mV” (with DC again indicated
by the two lines over the V). When it is on this sdting, the multimeter reads in millivolts. A
voltmeter must be connected in parallel to the element of interest, as shown on the right of
the schematic picture below. Since a voltmeter measures a potential difference between two
points, it is eassy to connect. If we want to know how much the potential changed across aresistor,
we can connect one end before the resistor and one end after the resister. A voltmeter usudly hasa
large internd resstance so that little current will flow through it, thus the current in the circuit will be
approximately the same before and after the voltmeter is connected.
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Circuit Schematic

To use the multimeter as an ammeter, the did sdlector must be st to one of the positions labeled
“A”. Jud like the voltage settings, thereisagain a DC and an AC. The AC isthe one with thetilde
(~) over it. There are dso now two different terminas you can plug the wire into. One of the cables
will again bein the plug marked “COM” but the other cable can be either in the plug marked “ 10A”

or the one marked “300mA”. If you have a large amount of current (anywhere close to 1A or

higher) you must put it in the termind marked “10A”. If you put it in the “300mA” you can damage
the multimeter. If you are unsure if you have too much current to use the “300mA” plug, start with it
inthe“10A” port. If you don't get any reading at dl, chances are that you have a smdl current and
can the move the cable to the “300mA” port. An ammeter must be connected in seriesto the
circuit of interest. This means that unlike measuring voltage, if we want to measure current, we
actudly must bresk the circuit and wire the ammeter in, dmogt as if it is another resser. An
ammeter usudly has a very andl internd ressance so that the current in the circuit will be

approximatey the same before and after the ammeter is connected.

The Connection Box

The connection box is designed for quick congruction of smple dectronic circuits. Electronic
eements (e.g., a ressor) can be eadly atached to the metal dlips in the middle of the box. For
each metd dip, there is a corresponding plug connector (a black line connects them) which is
electricaly connected to the metd clip. Electronic circuits can be congructed by connecting the
electronic dements and the power supply together using cables with banana plugs.

’/metal clips

plug connector
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You will have to hook up wires to make the circuits described in the diagrams below. Each line
without any circuit eement should correspond to a wire in your circuit. A wire (or line in the
diagram) represents a path where current can flow. _All points on the line have the same
voltage. Because of this, acircuit may be redized by severd different arrangements of wire. The
two circuits below are equivaent.

The dots represent places where wires are plugged into connectors.

Suggestions for Building Circuits

1) Build the basic circuit without any meters. Where two lines meet, you need two wires.

2) Get agnglewire of adifferent color and attach it to one of the inputs of your ammeter.
Identify where in the circuit the current you want to measure flows. Unplug the wire(s)
carying the current & one end. Plug the wire dangling from the ammeter into the
connection from which you just removed the wire. Now plug the wirg(s) you just unplugged
into the empty ammeter connection. Y ou have forced al the current carried by the wire(s)
to go through the ammeter.

3) Attach 2 wires to the voltmeter inputs and then attach these |eads across the points
whose voltage you wish to measure.

B : After

efore
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RESISTOR COLOR CODES

Most resistors are coded with color bands around one end of the resistor body. These color bands
tell the vaue of the resstance. Starting from the end, the first band represents the firgt digit of the
resistance value and the second band the second digit. The third band represents the power of ten
multiplying the first two digits. The fourth band represents the tolerance. I the forth band is absent,
it means the tolerance is 20%. The following is a color code chart, from which one can tell the
resistance of aresstor:

_— A BN

1stDNGt 5y pigit MuEplior Tolerance
Poteer of 10

Color 1% Digit | 2" Digit | Power of 10 | Multiplier Tolerance
Black 0 0 0 1 -
Brown 1 1 1 10 -
Red 2 2 2 100 -
Orange 3 3 3 1,000 -
Ydlow 4 4 4 10,000 -
Green 5 5 5 100,000 -
Blue 6 6 6 1,000,000 -
Violet 7 7 7 10,000,000 -
Gray 8 8 8 100,000,000 -
White 9 9 9 1,000,000,000 -
Gold - - 5%
Slver - - 10%
None - - 20%
Example

yelow violet orange gold R=(47+2)x 103 W or (47 +2) kW
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Part A
Partners: Name:

Section:

* the unitson ALL quantities must be specified, i.e. W= Ohms, V = Volts, A= Amps
eK=10° m=milliz103 = 1K
» Set the current control knob to the maximum at dl times.

1. Connect the circuit as shown below and measure the resistance of the resstor. Compare your
result with the vaue of the resistor given by its color code. (Because the ammeter has an
interna resstence of 6W, you must use resisters that have a resistence of at least
1000W)

R

A A

AN

\D,
Resistor color code:
Resistance from color code: R = + W
Measured voltage: V = + Volts
Measured current: | = + mA
Resstance from Ohm’slaw: R=V/I= + W

drR _dVv ., %

R
Compare the resistance from color codes and the measured resistance, comment:

2. Grgphicd test of Ohm’slaw for acongtant resistor. (Same circuit asin step 1.)
Begin with avery smal voltage and gradualy increase the voltage. For severd voltage settings
throughout the range, record both the voltage readings from the voltmeter and the arrent
reading from the ammeter in the table below. You should review section 10 of the
introduction before doing this.

VOLTAGE CURRENT

V (volts) | (MA)
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Plot V (verticd axis) vs. | (horizontd axis) and measure the dope of the line.
Q: Should your data contain the point V=0V, 1=0 A? Why or why not?
Q: Isthe voltage across aresstor alinear function of the current passing through the resstor?

How do you know this?

Sope=R=
(show caculation)

Q: Does the dope agree with your measured value of the resstance from Ohm'’'s Law?

Q: Why should they be the same?

3. Threeresistors connected in series. Connect the circuit as shown below. (Use three not very

different resstors):
&
R1 R2 R3 ‘
VAVAY, VAVAYauunVAVAV,
W)
Resistance Rq,Ro,R3 from color codes:
Rl = +
R2 = +
R3 = +
Theoretica effective ressance Re=R1+R2+R3= +
(dRs=dR1+dR2+dR3)
Results from measurements:
Voltage: V = +
Current: | = +
Effective resstance: R=V/I= +
drR_aV ,dl
R V I

10
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Compare and discuss your theoretica and measured effective resistance:

11
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4, Two resistors connected in parallel. Connect the circuit as shown below.
(Usetwo nearly equal resistors.)

R2
W)
Resistance of Ry, Ry from color code:
R1: +
RZ: +
. o _ RR, _
Theoreticd effective resstance R=—"—= = +
R+R,
aEdR.oo R6 &®RO
—P - R 0 +co2f
g =g eRo eR o
Results from measurements:
Voltage: V = +
Current: | = +
Resistance: R=V/I= +
drR_aV ,dl
R V |

Compare and discuss your theoretica and measured effective resistance:

5. Takethe smdlest resstor you have. Record resstance. Apply 5 volts acrossthis resstor.
Carefully test if it getswarm. Record your observations. How many watts of power are

produced as heat across this resistor? (P=IV=I12R=V2/R)

12
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13
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Part B
Partners: Name:

Section:

1. Verifying Kirchoff's Current Law: Threeresistorsin paralldl.
(Because the ammeter has an internal resistance of 6W, you want to useresistorsthat each
have a much greater resistance, at least 1000 W.)
Connect the circuit as shown below and meesure the currents 11, 12, 13, IS, and Vgpply-
Veify experimentaly 1s=11+lo+ I3
s

—_—

®

supply

Resstance of R1, R2, R3 from color code:

Rl = + W
R2 = + W
R3= + w
Results from measurements:
I1= + mA lg= + mA
lo= + mA Vsupply: + \
l3= + mA
Cdculae: 11+ o+ l3= + mA

Compare (I1+2+ 13) with g and comment:

Calculate the theoretical valuesof 17, 12 and |3 using Vg pply and the resistance from the color

codes. (Give the theoretical expression for each current.) Compare them with the experimental
vaues and comment. Hint: dI/l = dV/V + dR/R, but the uncertainty in V is negligible
compared to the uncertainty in R

14
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2. Veifying Kirchoff’' sVoltage Law: Two resistorsin series
Connect the circuit as shown below. Measure the voltage drop across each resistor V1 and

V2, and across the source Vgypply. Measure the current |.

Vsupply

Resistance of R1, R2 from color code:

Rl = +
R2 = +
Results from measurements:
V1= +
Vo= +
= +
Cdculate V1+V2 = +

Compare V1+V7 with Vg 5y, and comment:

Cdculate the theoretical vaues of V1 and Vo, using | and the resistance vaues from the color

code. (Givethetheoretica expression for each voltage) Compare them with the experimenta
vaues and comment. Hint: dV/V = dI/l + dR/R, but di/I is very small compared to dRR

15



3. Combining Kirchoff’s Laws. Two resstors (R, Rp) in pardld and one resistor (Rg) in

16
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series. (No uncertainty calculations are requested in this part.)

Connect the circuit as shown below.

Resstance of R1, R2, R3 from color code:

R1: *
Ro = +
R3= +

V 1= *
Vo= +
V3: +

Compare V; and V,, and comment:

V 1+V3= +

Compare this sum to Vqpply and com

|1+|2: +

Vl =V 2
|1= +
lo= +
l3= +
ment:

Compare this sum to 13 and comment:
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It is possble to cdculate everything about this circuit sarting only with Vs, Ry, Ry, and
Rs. These cdculations can be completely dgebraicaly. This means that you do not
need to plug in any numbers at first, you can just use Ohm” Law and Kirchoff” s rulesto
caculate theoreticd expressions for |1, |2, |3, Vl' V2, V3_ This can and should be

done before lab, s0 that when you reach this part, you need only plug in your vaues for
R1, Ro, Rg from the color codes and the supply voltage Vsupply- Compare your results

with the measured ones and comment. Do your caculations to 3 sgnificant figures, asif
the values for R were exact. You may wish to refer to your Physics textbook for help
onthispat. (Hint: Cdculate the totd equivaent resistance Ry firg.)

4. You will be given an unknown device. Determineif it obeys Ohm's Law for a condant
resstance. Determine this any way that seems reasonable and thorough. Hint: If it
does obey Ohm's law, the resistance will be constant, regardiess of the current or
voltage.)

17



