012-09285 Physics Experiment Manual 67 Ohm’s Law

Ohm’s Law & Resistors

Equipment List

Qty | ltems Part Numbers
1 PASCO 750 Interface
1 AC/DC Electronics Lab EM-8656
2 Banana Plug Patch Cord SE-9750 or SE-9751
1 10 Q(Brown Black Black),
1 lightbulb
1 Voltage Sensor CI1-6503
1 Current Sensor CI-6556
1 1000 Q (Brown Black Red)
2 100 Q (Brown Black Brown),

Introduction

The purpose of this activity is to confirm the relationship of current, voltage, and resistance in an
electric circuitusing a one resistor circuifou will also explore whishappens to the resistance

of a |light bul b’ s f il Mextgautilldeterminetwhat Hagpengtes t e mp
resistors as they are added in parallel and séfgstheCapstonesoftware to measure the

current throughindividual resistors anthe filament of a light bulb as the voltage across the

resistors and the filamenf the light bulb is changed and current sensor to measure the current
through the circuits.

Background

Ohm discovered that when the voltage (potential difference) across a resistor changes, the
current through the resistor changes. He expressed this as

w 0OYi0 w- Equation 1

wherel is currentV is voltage (potential difference), aRds regstance. Current is directly
proportional to voltage and inversely proportional to resistance. In other words, as the voltage
increases, so does the current. The proportionality constant is the value of the resistance. Since
the current is inversely propgarnal to the resistance, as the resistance increases, the current
decreases.

A resistor is *Ohmic’ I f as v cross th
graph of voltage versus current shows a straight line (indicating ¢

constant resistance). The slopdtd line is the value of the

resi stance. -@hmiecs’i sitfort hes drma tage ver
current is not a straight line. For example, if resistance changes

voltage changes, the graph of voltage versus current might show

curve with a changinglope.

For a certain resistor, the value of its resistance does not change appreciably. However, for a

light bulb, the resistance of the filament will change as it heats up and cools down. At high AC
frequencies, the fil ame,rsaitremaesam nearlyltenstamt t i me t
temperature and the resistance stays relatively constant. At low AC frequencies (e.g., less than

one hertz), the filament has time to change temperature. As a consequence, the resistance of the
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filament changes dramadilty and the resulting change in current through the filament is
interesting to watch.

In the first part of this activity, investigate the relationship
between current and voltage in simple-teh m ) gnd2one

hundred ohm resistor§hen you willinvestigate the R,
relationship between current and voltage in the filament of ¢ VWA
small light bulb.

| +

In the second part of this activitye will create3 circuits, one — T % R,
in series, one in pallel, and one as a comlation of the two. T -

In a series circuit, resistors are connected in such a way the
current,l, passing through each element will be the sares. ""\Ev
can be thought of like a water hose, no wéweelectrical 3
current in our casa$ lost & it passesdmone restrictior(or  Figure 1: Circuit in series
resistor)to the nextonly theflow rate (or voltage) is reduced.

Mathematically, the sum of resistors in series is just

Y Y Y Y E Equation 2

In a parallel circuit, resistors are connected in such a wagtghaurent is reduced with each
parallel line, but the flow (voltage) remains the safparallel circuit can be seen as figureA2.
useful table summarizing is shown belddathematically, the sum of resistors in parallel is just:

— — — — E ey Equation 3

In a simple combination circuit, we need to combine both rules of series and parallel ¢tauits.
the circuitas inFigure 3, you need to first combine Resistor 2 & ResBtneating an effective

resistance known agiR— — — 0 Y —— . Then you will add Rand Rstogether

creating the effective resistance, R, of the entire combination, #bRand R.'Y Y ——.

Changes Stays the same

Stays the same Changes

R2

AT 00 0
S -
— = 4 — 5 100
- —" R3

1k

Figure 2: Circuit in parallel

Figure 3: Simple Combination Circuit
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The rules for using a multimeter (and similar):
1. Tomeasurecurrent through a resistor, the multimeter (set as an AMPMETER) is
connectedin series wi t h R.
2. Tomeasure the voltage drop across a resistathe multimeter (set as VOLTMETER) is
conneiopaalel” “ wi t h R.
3. Tomeasure a resistancethe multineter, set as an OHMMETER, is connected in
parallel with the resistor whilRO current flow through the resistor (opegircuit).

SAFETY REMINDER THINK SAEE
1 Be sure to have carefully read the rules for using a multimeter and how to ACT SAFELY
connect your instrument properly to read current and voltage. BE SAFEI
Setup

1. Setupthe PASCO 750 Interface and the computer andCstpstone

2. ConnectPower Amplifierto Pot Candthieanana pl ug patch cords i
ports on the interface.

Jutput

3. Make sure that the Power Amplifierptugged
into port C. Open the properties of the Power form * Triangle
Amplifier and set the Gain to 1x.

4.  Create new experiment and set the signal outp
tope1) a Triangle Wave with 3V and 60Hwith a
sample rate of .50 kHz and Auto is selected (so
it will automatically sart or stop the signal when
you start or stop measuring data).

» “oltage Lirnit

on

5. OpenScopedisplay with OutputCurrentvs. OutputVoltage (Both from your power
amplifier port).

6. Placeateohm ( Q) resistor in the pair of compon
thelower right corner othe AC/DC Electronics Lab Board as shown in the figure below.

o
EACT Pt
W’
il

7.  Connect banana plug patch cord”
fromSIGMAROUTPUT’
ports of thegpowerinterface to the
banana jacks on the right side of
the AC/DC Electronics Lab
circuit board.

W @

/

\ NIl # % acrantitia )

r
10 Q RESISTOR (BROWN, BLACK, BLACK)
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Procedure 1 — Measure Resistance

Measure voltage and current for resistors

1.
2.

5.

Qutput Current, Ch C (A)

Begin

meas u

ring Ghmstore. Cl i

ck

67 Ohm’s Law

Start'’ i

Observe the Scope display@firrentandVoltage Adjust the vertical axis or the
horizontal axis if necessa

IMF- 1L -2 s&|v T kXL 28®
o)

0.045

0.

0.035

0.030

0.025

0.020

0.015

0.010

0.005

0.000

-0.005

-0.010

-0.015

-0.020
-0.025

Auto- /
sizes the /
scope /
/,
-
/,

Us e
ohm resistor

In Capstoneclick the cross hairs, (%" .

t he

_Benson - Ohm's Law 10 Chr s cope display
(o]

Output Voltage, Ch C (V)

Move the

S ma

coordinates of a point on the tracecafrentversusvoltageas shown below.

rt

)
(&

‘ $hamalysss tosls tddeterinibe the voltage and current for the ten

Tool

Result Th¥' ‘Xoordinates are volt age vdtagel
across he resi stor and cariengthroughthe resistar.r di nat e
!}ET'ﬂl—mlf,-C@Qoi‘v-#-t’l'* X # & 1
0.045 L. i i
0.040 \\ m‘ﬁ_
0,035 =
o \\ ************************************* ]
g 0.020 :
5 0.015 ’/ ;
g oo Use the cross hairs :
2 0.005
0% o000 to get the XY '
3 0005 i :
o008 —| Coordinates |
-0.015 —/ L
= !

_Benson - Ohm's Law 10 Ohmscope display
o

Divide the voltagd X’
resistance. Record the calculated resise in the Lab Report section.
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6. Click " Stop’ to end data measur ement .
7. Replace the tenhm resistor with a 1606hm resistor and repeat the procedure.
8.  Record the calculated resistance in the Lab Report.

Procedure 2 — Light Bulb
Measure voltage and current for a light-bulb filament

1. After you record your data for the resistor

2. Remove the 100hm BULB“C”
resistor from théAC/DC ~
Electronics Lab board.

\

3. Use two of
leads to connect betweel
the component springs
near the banana jacks ar
the component springs
above and belos
VOLT BULB i

4. Change the Amplitude
and Frequency of the
output AC waveform.
Click the Sgnal
Generator window to
make it active.

Change the Amplitude value to *2.500 V’
Change the Freque

b WIRE
LEADS

F PASC (AT )
\

Triangle
Adjust the sweep speed in the Scope Ny
display to 50 samples/second. In the |
Scope display, cl
next to ‘sampl es/

8.  Start measuring data. Observe the veitzge Li': |

Scope display of voltage versus curre
for the light bulb filament. Adjust the
vertical and horizontal scales if
necessary.

w “oltage Limit

on Off Auta

1 To get a good tragaress this icormnce| , (located in the scope main menu

ey
shown below)thenthis iconuntil a good trace appeel__rj“ .

IR T DAL -t |kXh 28e

9. Wait a few seconds and then stop measuring data.
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10. Use the builin analysis tools in the Scope display to find the coordinates at several points
on the trace of voltage versus current. Calculate the ratio of vatiaggerent at each
point.

11. Make a sketch of the Scope display screen for voltage and current of the light bulb filament
in the Lab Report section.

Procedure 3 — Series Circuit

1. Connect thevoltage sensor to port A and the current sensor to port B.

2. Connect the>owerAmplifier to port C and set it t8V DC voltage

3. Please let youR; = 10Y, R, = 100Y, Rs= 1000¢ andassemble as shown in the image
below. The red and black wires go to the power ampbhiner begin recording.
IMPORTANT: If thereis a red light on the Pow&mplifier, disconnect the power
immediately from the circuiContact your TA to look over the circuit and address the
problem.

| +

4. First measure the voltagd his can be done by
taking the voltage probes and placing eachammess (in parallel with) the resistor. Measure
the voltage foR1, R2, & Rz and record your results in the table.

5. Next measure the current. Lift one end of a resistdegping the other end in the spring.
With the end that is not in the spring, alligator clip one end of the current sensor to the
resistor andouch the other end of the current sensor to the spring, theseéed to
alligator clip it to the spring.
An example of this can be
seen belowMeasure the
current forRy, Rz, & Rz and
record your results in the
table.

=
AC/DC El.ecrnoyﬂcfs LABORATORY

- e
.//
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Procedure 4 — Parallel Circuit

1.
2.
3.

Connect the voltage sensor to port A and the current sensor to port B.
Connect the Power Amplifier to port @dset it to 5V DC voltage.

Please let your R= 100Y ,R2 = 100Y , Rs= 1000Y andassemble as shown in the image
below. The red and black wires go to the power amplifier and begin recording.
IMPORTANT: If there is a red light on the Power Amplifigisconnect the power
immediately from the circuit. Contact your TA to look over the circuit and address the
problem.

Measure the voltage and current in a similar manndessribed in series circuit and
record the data below.

S

Procedure 5 — Series and Parallel Circuit

1.
2.
3.

I VoW
| R L
— 5 10 0 ATAY

Connect the voltage sensor to port A and the current sensor to port B.
Connect the Power Amplifier to port C and set it to 5V DC voltage.

Please let your R= 10Y ,R2 = 100Y , Rs= 1000¢ andassemble as shown in the image
below. The red ahblack wires go to the power amplifier and begin recording.
IMPORTANT: If there is a red light on the Power Amplifier, disconnect the power
immediately from the circuit. Contact your TA to look over the circuit and address the
problem.

Measure the volge and current in a similar manner as described in series circuit and
record the data below.

LY

L
Rz
Mo 100 0

Rz
1 ki

PASCO-Benson © 2013 67 -7 of 11



012-09285 Physics Experiment Manual 67 Ohm’s Law
Lab ReportOhm’s Law
Name: Date:
PROCEDURE 1 & 2.

Resistor Q) | Resistance from scope Resistance fron| Tolerance:

(Q) (Voltage/current) multimeter 4™ Stripe

10 Gold—-5%

100 Gold—-5%

1000 Gold—5%

Make a sketch of the Scope display screen for voltage and current for the light bulb filament.

Analysis

Questions

1. Doesthe ratio of voltage and current from the Scope display compare to the resistance of
the resistorss it within tolerance?

2. Please describe the oscilloscope for the resistoDdbes each resistor appear to have a
constant resistanc&Vhat happens agu increase the voltage? What physoadntity
does the slope represent?

3. Does the light bulb filament appear to have a constant resistance (constant ratio of voltage
to current)? Why or why not?

PASCO-Benson
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4.  Suppose in Procedure 1 that you have only a varrablstor(instead of a fixed resistor
used here) and a fixed voltage source (instead of a vaviaeltdgie source used here).
Woul d you stil!l be able to verify Ohm s | aw
you do such an experiment? What kind ofpfravould you plot in such an experiment?
Explain briefly.

PROCEDURE 3 Series Circuit
Series Voltage (V) Current (mA)

Circuit Measured Theoretical % Difference Measured Theoretical % Difference
R1

R2

R3

Calculations:
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PROCEDURE 4: Parallel Circuit
Series Voltage (V) Current (mA)
Circuit Measured Theoretical % Difference Measured Theoretical % Difference
R1
R2
R3

Calculations:

PROCEDURE 5: Combination Circuit
Series Voltage (V) Current (mA)
Circuit Measured Theoretical % Difference Measured Theoretical % Difference
R1
R2
R3

Calculation:

5. Draw a combination of five resistofR1, R2, R3, R4, and R5) for which the effective
resistance, R, can baitten as:

p p
Y Y Y Y

L
Y

<l©
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6. Error Analysis It is given that the percentile uncertainties in the resistance values for the
series circuit is 5% for all three resistors, Ro, and R. In other words,

Yy | 5 Yy | 5 yY | by b

-_— Tt -— T Tt -_— mmnbu

rY (*p lY w lY w
Also, you have measurdtl, R., and R (Table from Procedure-lise the measured from
multimete). Using this information and trebovementioneduncertainties, calculate the
percentile uncertainty in the value ofaRexpressed in Equation(Resistors in series)
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