VERIFYING OHM’ SLAW

Purpose: The objective of thislesson isto allow the student to explore, during a
simulation, thereationship between the components of eectricity (voltage, current, and
resistance) usng Ohm’ sLaw.

Overview: During classdiscussion usethe comparison of electricity and its component
parts (voltage, current, and resistance) to water flowing through a hose (the conductor of
electricity). Thepressure or force pushing thewater into one end of the hoseislike
voltage. Voltageistheeectromotive forcetrying to push electronsthrough a conduction
wire. Electromotiveforceisone of thefundamental forcesor conceptsin nature. The
water being pushed through the hoseislikethe current in electricity. The number of
electronsflowing in awireisthe definition of current. Finally, water does not flow freely
through a hose; thereis always somerestriction of the flow cause by friction. Thisislike
resistancein eectricity, a hindrance of the flow of electrons (current) through a
conductor.

In thisactivity your studentswill measurethe amount of water leaking through a
hole (of varying size) in a can, and they will graph the data collected. When they analyze
the data collected, they will be ableto see areationship between the heights of the water
in the can, theratethewater flowsthrough the holein the can, and the size of the holein
the can. Finally the studentswill develop an Ohm’ sLaw for flowing water which isvery
similar to Ohm’ sLaw for eectricity.

Time: Expect onehalf hour for set up. Oneclassperiod to go over procedures. One
class period to perform the activity and collect data. One class period to analyze data and
discussresults conclusions. Timerequired can be condensed if students share data,
however thiswill dilute the effectiveness of the activity.

Skills Requir ed:

Critical thinking

Familiarity with volume measurementsusing Sl units.

Ability to follow step-by-step procedural instructions.

Graphing raw data and inter preting graphical presentationsfor slope and trends.
Corréate proportional and inver sely proportional mathematical trendsto graphic
displays.

M aterials and Tools:

1. Four identical cans, large coffee can size. Holesdrilled in the side of each can
at the bottom of oneside. Oneholedrilled in each can using these common drill
sizes: 1/8", 3/16” , ¥4, /16" , and 3/8” . Smooth edges of drilled holeswith afileto
prevent possible injury from sharp edges and to ensure flow restriction isdueto
the hole size, not rough edges.



2. Sturdy ring stand or support over alab sink or plastic tub to hold the cans.
The stand should be configured for rapid removal and exchange of different
cans.

3. Largecontainer of water such asa gallon milk jug that the students can lift and
handleto pour water, in a controlled manner, water into the can on the stand. If
sinksareavailable, a steady, controlled stream of water set at the appropriate flow
rate that matchesthe outflow from the can can be used. Some practice will be
required to get the right setting of the faucet.

3. Small container, likea paper cup, that ismarked at a certain level to collect
and measur e the amount of flow.

4. Stopwatches.

6. Metricrulersfor measuring the depth of water in the can.
Preparation: Before class period set up the stand and thefirst can to beused in the
experiment. Instruct studentsin how to usethe stop watches, how to timethe flow, and
have the students practice adding water to the can and maintaining the water level in the
can at theappropriate level asthewater leaksout. Alsoinstruct the studentson how to

determinethe average water depth in the can between two water levels (as measured with
aruler).

Background:
Refer to the following areasin theresour ce materials:

Now You' reTalking, pages 7.4 — 7.13.

Under standing Basic Electronics, pages 8.1 -8.2, 10.1 -10.2, 10.5- 10.6, 12.1 -12.2.

Thefollowing URLsmay provide additional supporting material or ideas.

http://www.askeric.or g/cqgi-
bin/printlessons.cqi/Virtual/L essons/Science/Physics/PH S0204.html

http://www.askeric.or g/cqgi-
bin/printlessons.cqi/Virtual/L essons'Science/Physics/PH S0066.html




What to do and how to do it:

Thisactivity isdivided into two parts. Part one simulates constant voltage and seeing the
relationship between resistance and current. Part two simulates constant resistance and
seeing the reationship between voltage and current.

Part one

The student team divides the activity tasks between a pourer, timer, flow controller, flow
observer, and recorder.

1.

Students position thefirst can (with 1/4” hole) on thering stand. (The team may
elect to set up and use the can with the 1/8” hole last because this can will be used
for part two of the activity) Postion the can over thelab sink or tub so that water
can be collected in the measuring cup without undue mess.

Theflow controller placesa finger over the holein the can to stop the flow of
water. The pourer fillsthe can to within 1 cm of thetop of the can and
replenishes by pouring morewater asneeded. Thetimer clearsthe stopwatch and
preparesfor data collection. Theflow observer positionsthe measuring cup to
collect the flow water. Therecorder preparesthe datatablefor entries.

When theteam isready and positioned for the activity to begin, the flow
controller beginsthe activity by announcing, “ go.” At that command the flow
controller removesafinger from the holeto allow water to flow. Thetimer starts
the stopwatch. The observer ensurestheflow isbeing collected in the measuring
cup and monitorstheflow. The pourer beginsto owly replenish the water in the
can asit flows out to keep the water level at 1 cm below thetop of the can as
closely as possible.

When the flow observer seesthat the water in the graduated cylinder hasreached
the marked volumeline, the flow observer commands, “ stop.” At that command
the timer stopsthe stopwatch and this portion of the activity isover. Theteam
can relax and record thedata in the datatable. The datarecorded includethehole
size and the time between start and stop.

Theteam emptiesthe can and removes and replaces the can with the next sized
hole. Theactivity isrepeated with each can and the data recorded in the data
table.

Part Two:

1.

Theteam setsup the apparatus as before, using the can with the /8" hole. The
ruler will be used in thisactivity and should be available for making depth
measur ements. Theteam may elect to temporarily mount theruler inside of the



6.

can or they may elect to dip theruler into the can when measurementsare
required. Theteam responsibilities can be changed or left asin part one.
Theflow controller placesafinger over the holeto prevent water flow. The
pourer fillsthe can up to 1 cm from the top of thecan. Therecorder recordsthis
depth on the data sheet. Thetimer clearsthe stopwatch. The flow observer
positionsthe collection cup to collect the flow.

When theteam is set, the flow controller beginsthe activity by removing a finger
from the holeto allow flow and announcing, “ go” simultaneoudly. Thetimer
startsthe stopwatch. Theflow observer ensurestheflow isentering the
measuring cup.

When designated water has been collected in the measuring cup (the water level
hasreached the designated mark), the flow observer commands* stop.” Theflow
controller placesafinger over the holeto stop thewater flow. Thetimer stopsthe
stopwatch, announces the elapsed time, and clear sthe stopwatch for the next
collection. The pourer measuresthe new depth of water in thecan. Therecorder
recordsthe elapsed time and the depth on the data sheet in two places.

Theintermediate depth isthe ending depth measurement on oneline of the data
sheet and the starting depth for the next line. The depth should be measured to
the nearest millimeter. Note: thewater in the can isNOT replenished in thispart
of the activity.

Theteam repeatsthe activity until the water in the can has been depleted.

Data analysis and display:

The students create two graphs using the appropriate scaling that makes a meaningful
presentation of thedata. For part one, the Y-axis of the graph would betheinverse of the
time of flow, with the lowest value at the origin of the Y-axis. The X-axisof thegraph
would bethe size of the hole (either the diameter or the area of the hole area) would be
the more appropriate axis parameter. For part two, the Y-axis of the graph would bethe
aver age depth of the water in the can for each data collection (starting depth and ending
depth divided by 2). The X-axisof the graph would betheinverse of the time of flow.

Activity questions:

1.

From your observations and the depiction of the data on the graph from part one;
describein afew sentencesthe relationship between the rate of flow of the water
(current) tothe size of the hole (resistance). How isthisrelationship
communicated through the mathematical formulafor Ohm’ sLaw?

From your observationsand the depiction of the data on the graph from part two,
describein afew sentencesthe relationship between the height of thewater in the
can (voltage) to the flow of thewater (current). Doesthe mathematical formula
for Ohm’ sLaw communicatethisrelationship?



3. Can you devise an activity to explorethe concept of keeping the flow rate
constant (constant current) and seeing therelationship between the height of the
water in the can (voltage) and the hole size (resistance)?

Questionsfor the advanced students:

1. Explain thesimilarity between hole area and resistance. Why is, or why isn’ t this
comparison more valid than comparing hole diameter to resistance?

2. Therdationshipsdepicted by Ohm’ sLaw arelinear; the data presented from this
activity isnot linear. Why isthe data not linear? |sthe comparison valid or
invalid? What can be changed in the activity to make the outcome mor e linear,
and therefore the comparison morevalid?

3. Would thisactivity be as capable of smulating Ohm’ sLaw if you used a thicker,
mor e viscous, liquid such asmotor oil? Why or why not?

4. Using the data collected, predict the outcome of repeating the activity with hole
sizeslarger and smaller than those used. Then conduct the activity again with
those different hole sizesand verify your predications,

5. Would thisactivity bevalid if very low or very high flow rateswere used (very
small/very large holes)? Explain why or why not.

Adaptations for special needs:

Hearing impaired students should be ableto fully participate in thisactivity without
major modification. Hand signalsfor start/stop commands may haveto be substituted for
verbal commands. Visually impaired students can participate at appropriate positions
within the team without activity modifications. Simple audio fluid level sensors could be
added to the equipment list to allow full accessto all positions on the team.



