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Student Lab Handout

Problem: You and your class have taken a school trip on a cruise and a hurricane pushes your
ship onto the shore. Within minutes you and your class discover that the you have lost power to
your ship and must leave the ship to see if there are any people on the island who may be able
to assist you with getting back home. After walking around on the island, you and your
classmates realize that the island is uninhabited and that you need to be rescued before your
fresh water supplies and food are depleted. You decide that you need to power LED lights to
alert a local rescue team to come to save you.

You have a few items at your disposal to assist you in powering the LED lights such as fruit and
vegetable, and wires. You will be tasked with making your own batteries from household
supplies and designing an optimal circuit that you hope will eventually be used to power a LED
light. In this activity, we will see if we can provide enough power for our cell phone or an LED
light using our engineering skills, which will require us to know about mathematical relationships
between the variables: current and voltage and power production from battery cells.

The items that you were able to obtain from the ship are listed below.
Materials:

o Different types of fruits and vegetables

e 1 penny or copper strip

¢ 1 galvanized zinc nail or screw

o 1 folded strip of aluminum foil

e 3 wires with alligator clips attached

e two coated electrical wires

In addition to the materials listed above, you will have access to the following items either at
their group table or in a centralized location in the classroom:

e multimeter

e ruler

e LED bulbs

e calculator

e breadboard (optional)

You know from your class work that you can make a battery out of the items that you have, but
you are not sure what configuration will work to light up an LED light. In fact, you do not know
how well the vegetables and fruits will work as an electrolyte so, you must analyze your
materials to make the best design.
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Procedure
A. Test fruits & vegetables to identify the best electrolyte. ( f\ !

1. Pick at least 2 different fruits and/or < !
vegetables. ( ~ e

2. Build a single battery cell using Figure 1 by e
inserting a copper penny and galvanized zinc a9
screw into one piece of fruit and vegetable. A
Make sure the screw and penny do not touch i
each other.

3. You will form a simple circuit by attaching the  Figure 1
alligator clips to the nails and pennies
(electrodes) in the fruit to the terminals on the multimeter.

4. Measure the voltage and current from the multimeter and record your values in the
data collection table, Table 1, in this packet.

5. If you are unable to measure the current, but can measure the voltage, it is most
likely because the multimeter is unable to measure extremely low currents. In these
cases, place a resistor in series with the battery and measure the voltage across the
resistor. The current can then be calculated using Equation (1).

=z (1)

6. Calculate the theoretical voltage, Vineor using Equation (2) and the table of theoretical
half-cell reactions in Figure 2.

Vineor = Voxia — Vreduc (2)
Half-Reaction E°(Volts)
F,(g) + 2e" - 2F(aq) +2.87
Cl(g) + 2e" - 2Cl{aq) +1.36
Br.(/) + 2e - 2Br(ag) +1.07
Ag*(aq) + e > Ag(s) +0.80
Fe**(aq) + e > Fe**(aq) +0.77
Cu?(ag) + 2e" - Cul(s) +0.34
2H*(aq) + 2> H _(g) 0.00
Fe*(aq) + 2e” - Fe(s) -0.44
Zn*(aq) + 2e > Zn(s) -0.76
AP*(aqg) + 3e = Al(s) -1.66
Mg*(aq) + 2e = Mg(s) -2.37
Ca*(aq) + 2e" > Ca(s) -2.87
K*(ag) + e > K(s) -2.93
Figure 2

7. Calculate the power (in watts) from the measured values of current and voltage using
the Equation (3), where V = voltage (measured) and | = current (Amps). Record in
the data table below.
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P=VxI (3)

8. Measure the distance between the cathode and anode using a ruler. Record this
value in Table 1.

9. Increase the distance between the cathode and anode 4 more times and measure
the output current and voltage, and these values and calculated power in Table 1.

10. Plot the power as a function of distance, x, between anode and cathode on the graph
paper. Graph your data on the graph provided (Figure 3). Be sure to include the
title, labels for independent (x axis) and dependent (y axis) variables, accurate
scales and intervals.

11. Based on the data in Table 1, which fruit or vegetable is the best electrolyte and
which distance “x” is the optimal distance between anode and cathode?

B. Test fruits & vegetables to identify the best anode.
1. Redo steps 1 — 10 using a different anode material.
2. Based on the data in Table 1, which anode and cathode pairing produce the highest
power and voltage?

C. Series and Parallel Configuration Testing
Once you have determined your optimal cell anode, cathode, electrolyte and distance between
anode and cathode, you can begin analyzing series and parallel configurations.
1. Place two cells (optimal configuration) into the series configuration using Figure 3.
Measure the combined voltage of the two cells and record the values in Table 2.

Figure 3 Figure 4

2. Place two cells into the parallel configuration as shown in Figure 4, and measure the
current and voltage, and then record the values in Table 2.

D. LED Test
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In order to power a LED light, you must provide an adequate voltage and current. The value
power supplied to the LED light depends on the type of light as shown in Figure 5.

Figure 4

:;;i: DI:::‘I;::I'I! Color Nominal IT:':?;Y EE i LED Die
LED Chip Code length| length Name Iiﬁd@\;ﬂ:ag? Sz ] Sl Material
{(nm) {nm) F (For mW /sr
Reference)
851 IRB51 843 NiA Infrared 1.7 (ST BEmWES0mA |CaAlAz/Gaks
RIKF/RE 654 B Ultra Red 1.9 1000med@20maA | 13mWiE20maA |GaslAsiGaslAs
RIR4/RE 640 625 HE Red 20 220med@20mA | 1.8mW@20maA | GaAsPIGaP
E3K B34 624 Super E.Red 22 B000med@20maA | 45mWE20ma InGaAlP
O3KF 616 610 Super Orange 20 2000med@20ma | TmWiE20mA InZaslP
0405 609 04 Crange 2.0 220med@20mA | 0.7mW@20mA | GaAsPiGaP
oy Y IKF 548 5093 Super Yallow 20 S000med@20ma | 10mWE20ma InGaAlP
oPY YIKH 592 589 [Super P.Yellow 23 A000med@20maA | BmWE20mA InGaAlP
a0y YIYANS 582 584 Yellow 21 170med@20mA | 0.3mW@20maA | GaAsP/GaP
amw 000K WA Warm White 33 S500med@20ma | 17mWE20ma InGaM
P 000K NiA Pale White 3.3 S500mcd@20maA | 17mW@20maA InGaM
oA BOOOK MNiA Cool White 33 S5800mcd@20maA | 23mWiE20ma InGaM
ouc Gk 575 573 Super L.Green 20 1800med@20maA | 3mWim20mA InGaAlP
00G CRCANGSE 5E3 569 HE Green 23 210med@20mA [0.03mWE20ma| GaP/GaP
UPG PG350 563 564 Super P.Green 21 A00med@20mA | 0.EmWE@20ma InGaAlP
PGS 557 560 Pure Grasn 22 140med@20maA | 0.2mWi@2dmAa | GaP/GaP
QAG AGTOK 522 528 Aagua Green 3.4 15,000medd@20maA)] 30mWE20maA InGaM
BGTK 501 502 Blue Graan 3.4 A300micd@20maA | 16mWE20maA InGaM
PB4AKB 455 460 Super Blue 3.2 3000mcd@20ma | 61mWiE20ma InGaM
UBS00 425 44T Ultra Blue 4.0 250med@20mA | SmWE20mA SiCiGaM
ans 402 420 Ultra Viclet X} Imcd@20ms | S3mWE20maA SiCiGaM

1. Using your results from parts A and B, create a circuit to produce the current
and voltage required to power a LED bulb. Connect the circuit to the LED bulb.

2. Draw the circuit you configured to power the LED in Figure 7.

Data Collection: Use the reactions provide in the table below to calculate the theoretical voltage
from your cell.
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Table 1

Type of Anode/Cathode Distance between @ Measured Theoretical Current (Amps) Power (Watts)
Fruit/Vegetable cathode and Voltage (V) Voltage (V)

anode, x (inches)

x
IS
1

X1

X2

X3

x
IS
1

X1

X2

X3
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X3
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Optimal Circuit to

v

Figure 6 Figure 7
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Table 1

Cell Configuration Anode/Cathode/Electrolyte Voltage (V) Current (Amps) Power (Watts)

(Series or Parallel)
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