CARTER ACADEMY ENGINEERING SEMINAR EXPERIMENTAL CHALLENGE
ELECTRICAL PHYSICS
All materials except superconductors have a resistance to electrical current flow when the
above absolute zero temperature. Chemists, physicists and electrical engineers have spent
multiple centuries learning the characteristics of materials and how to fabricate electrical
components that exploit the fundamental resistive property. The most basic component in
electrical engineering is the resistor. This component impedes current flow and converts some
of the electrical energy to thermal energy. It is placed in a current path to limit (or control) the
current that flows in that path. This controlled current can then be used to complete useful
work. Your first task is to experimentally determine the mathematical equation that determines
how current is limited by the resistance. In the photos below, the resistor is the color-banded
tube. Zoom in and look at each picture! Note that the numbers on displays don't have to
match what you see.
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STEP 3: Brown Black Red Color Bands

STEP 4

YOU HAVE ONE HOUR TO COMPLETE THIS CHALLENGE!
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STEP 5
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STEP 9
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You have completed building a circuit for electrical energy to flow through and you have
configured the battery (power supply) and the current measurement device (multimeter).
Electrical engineers would draw the circuit blueprint like this:

Now double-check your work.
•
•

Verify the circuit you have built looks like step 4.
Verify the power supply and the multimeter screens look similar to steps 10 and 11. Pay
particular attention to units.

STEP 10

STEP 11

YOU HAVE ONE HOUR TO COMPLETE THIS CHALLENGE!
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EXPERIMENTAL DATA COLLECTION
1.
2.
3.
4.
5.
6.
7.
8.

Use Microsoft Excel to record data in voltage (V) and measured current (I) columns.
Use the round knob on the power supply to adjust voltage in 0.1V increments.
Record measured current for 50 data points from 0.1 to 5V in 0.1V increments.
Plot I versus V. Note that current is the vertical axis and voltage is the horizontal axis.
Use algebra to determine the slope of your data if it is approximately linear.
Determine the equation for I as a function of V as well as V as a function of I: I(V), V(I).
Repeat your work on new Excel tabs for the other two resistors.
Using your plot data, determine the size of each resistor R. Hint: Look at the V(I)
equation. Record your values in a table similar to this in Microsoft Excel.

COLOR BAND 1

COLOR BAND 2

COLOR BAND 3

RESISTANCE VALUE IN OHMS
(Ω)

The twentieth century produced continued advancement in our understanding of chemistry,
physics, and material science. One key result is Einstein's explanation of the photoelectric effect
(published in 1905). It is this explanation that earns Einstein the Nobel Prize. The photoelectric
effect was key to our ability to force material to radiate light when energized by small currents.
The light-emitting diode (LED) is the modern technology that exploits the photoelectric effect
around us in many ways every day: indicators on devices, LED bulbs that have replaced
incandescent and fluorescent bulbs, and LED television displays are great examples. The I-V
relationship of the LED is very different from that of a basic resistor.
9. Replace the resistor in your circuit with the yellow LED. Unlike resistors, LEDs allow
current to flow in only one direction - they are polarized components. The LED must be
inserted so that the short lead is on the right-hand side of the circuit. In other words,
current flows from the battery into the long lead, out the short lead, into the ammeter,
and back to the battery in a closed loop. Be sure that the short lead is on the right.
10. Repeat your data collection experiment.
Now, complete a team project report that documents your work. Use Microsoft Word and
include: an abstract section with short description of the work completed and what the goal of
the work was, an experimental data section with the tables of collected data, and an analysis
section that shows the plots created from the data as well as any derived equations or values.
Email this report to me before Friday at 5 p.m. (meier@msoe.edu)
YOU HAVE ONE HOUR TO COMPLETE THIS CHALLENGE!

