Engineering PhysicEbE & M Lab 4
OHMG LAW

INTRODUCTION

During the nineteenth century so many advances were made in undiagsthe electrical
nature of matter that it has been called the Oage of eligo®i One such advance was made by
an investigator named Georg Simon Ohm. Ohra terested in examining the relativeneo
ductivity of metals and in investigating the relationship between the electromotive forge (pote
tial difference) and the current in a conductor.

By taking wires made from different materials but having the shidkniess, passing arcu
rent through these wires and measuring the electromotive force (i.e., the potential difference b
tween the ends of the conducting wire), he was able to experimentally determine the relative
conductvity of certain metals such as ly copper, and gold.

In another experiment using a piece of apparatus that he built himself, Ohm investigated the
effect of current in a conductor on the voltage drop across the conductor. He found that for a
given conductor the voltage drop was dikeproportional to the current in the wire. When
voltage is plotted against the current in a given conductor, the data can be fitted to a straight line,
the slope of which is theesistanceof the conductor. This result was published in 1826. dn re
ogrition of OhmOs work, this emigial relatimship bears his name.

DISCUSSION OF PRINCIPLES

OhmOs Law can be written algebraicalliasRI, whereV represents the potential drop
across the conductor (measured ints)oll the current in the conductor (measured in amperes),
and R the resistance of the conductor measured in units called OohmsO (symbalizep-by
percase Greek omega).

Resistance and Rsstors
Resisanceis a property of materialdResisbrs are conducting devices made from materials,
which satisfy OhmOs Law.

If the potential difference across a resistor is set at 1 volt, and if a current of 1 amp-is mea
ured in the conductor, thersitesistance is detained to be 1 ohm, or L . Instead of using
thin wires as Ohm did in his original experiment, you will replicate his results using sm@ll cyli
drical ceramic restors. You will notice colored bands on the regist These bands form a
code that indicates the resistance of the resistor. Later in this experiment you will learn how to
read this color code.

Combinations of Resistors
Resistors can be combined in simple circuit arrangements that increase oredihe eve
all resistance in the circuit. These arrangements are saltextandparallel circuits. Figure
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1(a) illustrates two resistors connected in series and Figure 1(b) shows the resistors in a parallel
arrangement.
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Figure 1 Resistrs in Series and Parallelrangements

In order for charges to move in a conductor, there must be a potential difference acrass the co
ductor. In order for charges to move throughreuti, there must be a complete path leading
away from and back to ¢éhsource of emf{(, in Figure 1).

As you can see, in the series arrangement shown in Figure 1(ajrdrg €un the circuit
goes through each resistor. If we compute titergial drop\; acrossR; using OhmOs Law, it
is merely\, = IR,. Likewise, the drop acro$®, is \, = IR,. The potential drop across both
resstors isVag =V; +V,. One can think of thapplied voltag&/,g being divided between the
two series resistorg; and R, .

In the parallel arrangement shown in Figure 1(b), however, the current divides attiosjun
A and recombineat junctionB. Therefore, the etent throughR; and R, may be different.
Notice that in this caséyg =V; =V,. That is, the potential drop across each resistor is the same.

Using some simple algedboand your understanding of the potential drops in a simple series
or parallel circuit, the relationships for detenmg equivalent resistanceor resistors in series
andbr parallel can bedlived. These relationships are:

Series I%quivalent =R+R +! (1)
(The equivalent resistance is simply the sum of the individual resistances.)

Parallel ;:i+i+! (2)

I:iequivalent R R
(Thereciprocalof the equivalent resistance is the sum of the reciprocals of the individgal resi
tances.)
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As suggested in Egs. (ahd (2), the sums include a term for each resistor in the circuit.

PROCEDURE (A) D100 Ohm Resistor:

Determining Resistance

We will use a computer and software to act as our battery and voltmeter, while we monitor the
current with a handheld multimeter.Do not turn on the power to your circuit until your lab
instructor has checked your wiring

1) When the computer boots up, go to the course website and follow the directions to open the
Data Studio file associated with this lab. This should stalD#ta Studio program and a
screen with windows similar to Figure 2 should appddre windows show both a digital
and analog voltmeter, both mesasg the voltage from the vialge probe.

i Digits 1 ,
X| 24| ) X| A~
«Voltage, ChA No Data «Voltage, ChA Mo Data
Voltage

IR Y/

PNa nerato

DC Voltage

1.000 o

«|»| 1000 =%
_+| Measurements And Sample Rate

Figure 2 Startup screen

2) Connect the circuit shown in Figu3, using the regisr labeled as 0100 !O on the circuit
board. Our OvoltmeterO is actually our computer connected to the Signal Inteitace. V
ters have a relativelyigh resistance and are placedoarallel with the resistor. Our ®a
meterO is a multimeternfnetes have relativelyow resistance and are placedsanies with
the resistor.
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Figure 3 Circuit Diagram for Procedure A

3) Select the Signal Generator window by clicking in that window. The Signal Generator wi
dow is shown in Figre 4. Turn on the signal gerator by clicking on the ON button. Make
sure ODC ¥ltageO is selected. Set the DC voltage tdoy ®licking on the small up arrow
next to the voltage setting.

Signal Generator

"""" |DC Voltage LI On

DC Voltage

| 1.000 v Auto
] >| 1.000 = |4 —I

ll Measurements And Sample Rate

Figure 4 Signal Generator Window

4) Click on the OSta®tbutton in the main Data Studio window to begin taking data. Ryith
the circuit, obtain five current and voltage measwents by increasing the voltage wvdlt
steps. Note: the voltages may not be exactly what you set 8ighal Generator window.
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Record the actual voltage from the voltmeter and the actual current from the ammaeter in T
ble 1 on the worksheet below.

5) Construct a graph of voltags current using th&XCEL (see the EXEL tutorial on the
course webse, if necessary).

6) Using the Linest function on EXEL(see the EKEL tutorial on the course website, if nece
sary) to determine the best fitting straight line for your data ampute the slope. The
slope of the line is a measure of the resistance

Reading the resistor code

The resistance of most ceramic resistors can be determined from the colored bands printed
on the esistor. Each color represents a digit from 0 to 9.

Black 0 Green 5
Brown 1 Blue 6
Red 2 Violet 7
Orange 3 Gray 8
Y ellow 4 White 9

The first two bands give the mantissa of a number in scientific notation; the third gives the
power of ten. The fourth band gives the tolerancedtainty expressed as a percentage) in the
value of the resistance (Goldt=5%, Silver =+ 10% no 4th band = 20%). Therefore, in aler
to know which end of a resistor to OstartO from when reading the color code, it is useful to r
member that the 4th band, if present, is metallic in color (gold or silver). If regular colors are
present instead diese metallic bands, setimes the color bands will be spaced differently or
are closer to one end of the resistor to help indicate which end to start reading from. We will not
be cacerned with five band resistors in this lab. If a fifth band were pteenfirst three bands
give the mantissa, the fourth gives the power of ten and the fifth will give tmartoée(as
brown, red, orange, yellow, or gold).

For example

Yellow
Wiolet

Orange
—— bald

_[I]]]:'_ Resistance = 47 x 107 ahms

+ 2% 103 ahms

7) Apply the color code to determine the resistance of the resistor you ubecekpteiment
and record this value on the worksheet.
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8) Compute a percent error between the accepted value of the resistance and the experimental
value.

Checkpoint 1: Have your TA check your chart calculationsand EXCEL graph before pro-
cedling.

PROCEDURE (A2) B33 Ohm Resistor:

1) Switch the wires on the circuit board so that you wilasure theesistor marked 33 in
the circuit shown in Figure Sometimes tholerancamarking is hard to seen this resigir,
if this is thecase youwshould use 5%s the tolerance.

2) Repeat steps-@ for Procedure (Awith the 33! resistor and fill in Table 2 and the exper
mental value for thessistance and its unceirnégy.

3) Read the accepted value for the resistance and the tolerance on the resistor. Record these
value on the worksheet.

Checkpoint 2 Have your TA check your chart calculations, andEXCEL graph before
procedding.

PROCEDURE (B)

Determining Equivalent Resistan¢ Series Arrangement

1) Connect the two resistors you used before in a samniaagement. Measure the equivalent
resistance of the circuit by following step$ 2f Procedure A Record these in table 3 and
in the blanks on the wksheet.

2) Compute the theoretical equivalent resistance using Eg. (1), the formula for aadculati
equivalent resistance for resistors connected in series, and the values given by toted®lor
bands. Record this on the worksheet.

3) Computethe percenterror betweenthe measuredand calculatedvalue. Recordthis on the
worksheet.

Checkpoint 3: Have your TA check your chart, calculations, and EXCEL graj before
procedding.
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PROCEDURE (C):

Determining Equivalent ResistanééParallel Arrangement

1) Connect your two resistors in a parallel arrangement. Measure the voltage and current as in
Procedure (B), and compute the equivalenstasce of the circuit. Record these values on
the worksheet.

2) Compute the theoretical equivalent resistance using Eq. (2), the formula for calculating
equivalent resistance for resistors connected in a parallel esrdhthe the percent error.

Checkpoint 4: Have your TA check your chart calculations, andEXCEL graph before
procedling.
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OHM & LAW DWorksheet

Procedure A- 100 Ohm Resistor

Voltage (volts) Current (amps)

Table 1: 100 Ohm Resistor

Resistance= * ohm(Experimental)
Resistance = + ohm(color code)
Percent error = %

Doesyour measuredesistancevalueagreewith the expectedraluewithin the manufacturedol-

erance”ES or NO (circle one)

Chedpoint 1: Chart, Calculations and Excel grap
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Procedure A2 B33 Ohm Resistor

Voltage (volts) Current (amps)

Table 2 33 Ohm Resistor

Resistance= * ohm(Experimental)
Resistance = + ohm(Written on Resistor)
Percent error = %

Doesyour measuredesistancevalueagreewith the expectedraluewithin the manufacturedol-
erance”YES or NO (cicle one)

Chedpoint 2: Chart, Calculations and Excel grap

Procedure BD Series Arrangement

Voltage (volts) Current (amps)
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Table 3 Series Arangement

Requivalent = + ohm (Measured/Experimental)
Requivalent = + ohm (Accepted/Calculated)
Percent error = %

Doesyour measuredesistanceralue agreewith the acceptedraluewithin the calculatedrange?
YES or NO (cicle one)

Chedpoint 3: Chart, Calculations and Excel grap

Procedure C B Parallel Arrangement

Voltage (volts) Current (amps)

Table 4: Parallel Arangement

Requivalen = + ohm (Measured/Experimental)
Requivaleni = + ohm (Accepted/Calculated)
Percent error = %

Doesyour measuredesistanceralue agreewith the acceptedraluewithin the calculatedrange?
YES or NO (cicle one)

Chedpoint 4: Chart, Calculations and Excel grapl
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