
Research Paper/Graphic Organizer Tips 
Requirements 
Find at least 10 different sources. Of those, *At least 1 source must be a book  *1 source must be a personal 
interview (via email, phone, skype) This is your MENTOR!  *The rest may be different websites 
Include at least 4-6 previous similar experiments (a MAX of 2 science fair examples, collegiate, or professional) 
Include all sources in a bibliography.  
How do I organize all of this research? 
•By taking notes (handwritten or typing them)  and then writing the final version into your graphic organizer 
Organizational Method Example 
Keep track of every source & list the bibliography info on a “Reference Sheet”. Number these sources 1-10. This 
way, you don’t have to rewrite the website URL on every note that you make on the graphic organizer 
I would also suggest that you print your sources and be sure the web page is there. You’ll need that for your bib. 
Helpful Research Links 
Librarians' Internet Index: 
http://www.ipl.org/ 
 An index of websites you can trust, maintained 
by librarians from around the country. 
A List of Every Major Science Fair in the 
Country:  
http://physics.usc.edu/ScienceFairs/ 
Use this site to explore past experiments from 
other state- & city-wide fairs. 

Why is research so important? 
    * Good experimentation is based on thorough research. 
    * Real scientists spend years researching before they plan an 
experiment. 
    * What if you conduct this absolutely amazing experiment, 
only to find out that the answer was discovered long ago & is 
now common knowledge? 
    * The more you know & the more effort you put into 
understanding the science behind the topic, the stronger the 
project will be. 
    * Also, at the regional & city level, judges may eliminate a 
project due to “No/limited Background Research”. 

Note Taking Tips & Tricks 
• SUMMARIZE: Only write “notes”, not huge 
paragraphs in itty-bitty writing that you cannot use 
later. 
• REPHRASE: Do not copy anything! Translate the 
information into your own words. This will save time 
later anyway. 
• BE CHOOSY: DON’T write notes if you do not 
understand what they mean. 
• BE CREATIVE: include definitions, quotes, 
diagrams, pictures… 
• Remember, the goal is to make writing the research 
paper as easy as possible. 

Where do I go to find information? 
The Internet will be your main source of information. 
 BE CAREFUL about the information you find. 
Good References 
Come from a credible 
source 
Not too old 
Not biased 
Free of errors 
Properly cite the original 
source of all information 
  

Bad References 
Come from a source with 
poor credibility 
Out of Date 
Not objective & fair, biased 
towards one point of view 
Prone to errors 
Do not cite where the 
information came from 

 

For each past experiment, list the following: Title of experiment, researcher’s name, experiment location, summary of 
procedures, & explanations of results. Use footnotes. Provide SUPPORT for your hypothesis. Explain exactly how you 
came up with it, specially, why you chose the # or % that you did. The previous research should be a big part of your 
explanation. 
Include a # (number) or a % (percent) in the bolded hypothesis 
• Bad: “This led to the hypothesis that direct sunlight will lead to more plant growth than indirect sunlight” 
• Good: “This led to the hypothesis that direct sunlight will lead to 35% more plant growth than indirect sunlight” 
Keep the person (YOU) out of the paper! Do not use: I, my, our, your, you , we, us… 
Affect vs. Effect: Know the difference! 
     Use “scientific sounding” words & keep the language professional 

Instead of: 
 * stuff, things 
* she did an experiment about 
 * First, he got 
* The results say that… 
* This experimenter will use a tool 
             to…” 

     Use: 
* materials, equipment, supplies 
* an experiment was conducted about 
* First, the supplies were obtained” or “First, the supplies were received 
* the results indicate” or “the results show 
* A tool will be used to… 

 



SF Research Paper Graphic Organizer:  
THIS IS TO BE TYPED SINGLE SPACED: 12 pt Times New Roman 

Part 1: 
Introduction 
    ½ - 1 page: 3 paragraphs 
 
Paragraph 1: create 
interest- the “grabber” 
paragraph 
 
Paragraph 2: A thorough 
description of the problem 
being investigated. (Briefly: 
How you selected this 
problem; what reading or 
experience or process led to 
selection of this problem. 
and WHY this project is 
important to you) 
 
Paragraph 3: Why this is a 
useful/interesting /important 
question to investigate? 
 
The goal of this section is to 
arouse the reader’s interest. 
 
There are to be No:  

I, me, we, My, 
your name, or 

“you” anywhere 
in this paper.   

 
There is to be no 

mention of you except 
for 1 “experimenter” 
in the which you may 
use in the hypothesis. 

 
REMEMBER PARAGRAPH 

STRUCTURES WHICH IS 5-7 
SENTENCES PER PARAGRAPH 

Examples: An Investigation of Marine Plants’ Effect on Ocean Acidification 
 More than 70% of the Planet Earth is comprised of ocean water. The first 
living organisms originated in the ocean, and the ocean has been a source of 
transportation as far back as 2500 BC. It also provides human beings with 
seafood, produces more than 50% of the oxygen in the atmosphere, and 
generates significant revenue for the tourism industry. Due to the increasing 
carbon dioxide (CO2) emissions in the air, the excess CO2 is being absorbed by 
the oceans, thereby raising the ocean’s acidity level and threatening the marine 
ecosystem.  
 With an approximate total of 10,000 coral reefs in the ocean, one is being 
destroyed every other day by ocean acidification. At this rate, coral reefs could 
become extinct in a matter of seventy years. The destruction of coral reefs could 
very well lead to mass extinction of the many animals that rely on coral reefs for 
shelter or food. Ocean acidification is destructive to the core of the ocean 
ecosystems. If the oceans are further damaged, then humans will become 
deprived of sea food, and a number of the other benefits the ocean supplies. 
 The experimenter, understanding the significance of this problem, has 
taken the initiative to conduct an experiment regarding this issue. This project is 
to test two plants, namely seagrass and sea lettuce that are supposedly believed 
to reverse ocean acidification. Both these plants are similar in that they both use 
the process of photosynthesis to create their food, and have similar habitats. The 
different parameters of pH, salinity, and calcium have been established to be 
important and will be monitored throughout the investigation. This study will 
help inform whether marine plants are an alternative solution to the reduction of 
ocean acidification or that reducing the amount of CO2 emission, where the 
problem first emerged, is the only way. 
 
 
PLEASE REMEMBER you are typing SINGLE SPACED into 
your graphic organizer.  
 
When you submit your final research paper it will be on a clean 
document with 1 inch borders, 12 point Times New Roman font,  
spaced 1.5  and will flow as 1 single document.  
You will NOT do page breaks for each of these sections.  
In addition, you will NOT have extra space between paragraphs.  
 
      

 

 



Example #2:    Introduction 
In a world increasingly dominated and driven by telecommunications, the need to broadcast information of 

various types, whether sound, images, or data, grows greater. This is exemplified in the increasing popularity of 
forms of human communications such as face-to-face online video chats and conferences, whereas before, more 
passive forms of communications such as e-mail and instant messaging services were the norm. Thus, data 
transmission methods based on fiber optic communication systems are becoming increasingly prevalent. For 
example, fiber optics has already replaced what was once standard copper wiring in areas such as computer 
networks and even long-distance telephone lines. Another critical role of fiber optics is in endoscopies, in which 
optical fibers allow physicians and surgeons to look into a subject’s body with only a minor incision. Within a few 
decades or possibly even years fiber optic transmissions could become the basis of electronic communications, and 
thus integrate it into the lives of humans even further. 

Despite the progress in the development of fiber optic based communication systems, there are many 
unknowns about what sorts of variables could affect the efficiency, speed, and thus the utility of future high-speed 
fiber optic communications. Due to the experimenter’s curiosity about fiber optics and the communications 
industry, it was decided to examine the potential effects of an electromagnetic field on the speed and efficiency of 
a fiber optic transmission system. This experiment will compare the speeds of two standard Wavelength-division 
multiplexer (WDM), one under the influence of a strong electromagnetic field and the other not. Multiple trials 
will be conducted under different transmission rates to establish whether or not electromagnetic influence can be 
an inhibiting, or helpful factor regarding fiber optic transmission speed. 

The results of this experiment will help people understand the potential impact of factors like 
electromagnetism on fiber optic communications, which is quickly becoming one of the most important pillars of 
telecommunications. In a world that is heading towards a future dominated by information technologies, the 
knowledge gleaned from this experiment and further experimentation could help in the development of new, 
improved fiber optic technologies. New fibers resistant to interference could also be critical in extreme long-
distance communications and helping devices work at optimum speed. Finally, this experiment will also 
demonstrate the potential consequences of being unprepared for limiting factors to technologies in nature. 
Example 3:             Introduction 
Water – We drink it.  We play in it. We eat fish that we catch in it.  In San Diego County, most of the “lakes” used 
for fishing and recreation are actually reservoirs, which store drinking water.  Over the past few decades, studies 
have shown that the United States’ waterways are being polluted not only by the usual suspects of industrial waste 
and sewage, but also by run-off from nearby farmlands and gardens, from areas burned in wildfires and by deposits 
of air-borne pollution.  The resulting high levels of chemicals and heavy metals can be toxic to people.  Many of 
these dangerous pollutants cannot be seen or smelled.  
         This project will measure the chemical composition of the water in six San Diego County lakes – three in 
rural areas and three closer to population centers.  Specifically, levels of alkalinity, ammonia, carbon dioxide, 
chloride, chlorine, chromium, copper, cyanide, iron, nitrate, pH, phosphate, and sulfide will be tested in each lake 
with each lake being tested once a month for four months.  This will help determine whether pollution from nearby 
human activity, particularly air pollution from cars and run-off from landscaping, are causing negative 
environmental impacts for animals and people.  As every aquarium owner knows, small amounts of a toxic 
chemical can be fatal for fish.  By the time the impacts are noticed, it is often too late to prevent more deaths.  
Given the number of people who fish and enjoy recreational activities in San Diego’s lakes and reservoirs, 
knowledge of the safety of the water and whether it is polluted is critical.  
     The chemicals we put in the soil and air end up in the water. Recent studies have shown increased levels of 
mercury in fish and nitrates in drinking water. The sources for this pollution are often not immediately obvious and 
the pollution itself is not visible.  Both mercury in fish and nitrates in water are bad for people, especially children.  
Without testing, it would be impossible to know that those substances were in the water at all.     
 
 

 

 



Part 2:  
Previous Experiments:  

You want 4-6 previous 
experiments.  This is a 
very important part of 
your paper.  Each 
experiment should be 2-3 
paragraphs.  
Paragraph 1: For each past 
experiment, include a 4-8 
sentence summary (of just the 
experiment) indicating what 
was done (the problem), what 
they found out (results & 
conclusion), & who did it. 
Paragraph 2: After you present 
the experiment information 
write 4-5 sentences on how this 
HELPED YOU understand 
better what you will be doing, 
and how this relates to your 
project. 
 
· Be sure to provide reference 
cite in your footnotes. 
·DO NOT list or give numbered 
steps, but rather a summary. 
·  NO I’s Me’s You’s!!! 
A paragraph is 5-7 sentences! 
   FOOTNOTES REQUIRED 

Example 1:  
A final experiment was conducted in the area of Ischia, Italy by a number of 
scientists. Because 0.5% of the carbon dioxide emissions come from volcanic 
vents, the chemistry of local oceans is changed. These scientists decided to 
experiment on how volcanic carbon dioxide vents increase ocean acidity and how it 
effects the ocean ecosystems. They compared the ecosystems of three locations that 
had reduced pH levels, anywhere from 0.2-0.4 units, to the ecosystem with a 
normal pH location. They observed that one of the locations with a pH of 7.8 
showed a 30% reduction in the number of plant species when compared to the 
average ocean. In the location with 7.4 units in pH they noticed that the coral 
species were not doing as well in terms of calcifying.  

This led them to conclude that coral reefs may not be able to create their 
skeletons at all by year 2100 if the increase in ocean acidity continues. When the 
scientists compared the difference in seagrass growth they noticed that there wasn’t 
a difference in the growth of the individual leaves, but they did observe that 
seagrass production was highest at a pH of 7.6. They led to the conclusion that 
plants like seagrass and brown algae do fine at both normal and acidified ocean 
levels where as corals and other calcifying animals will be unable to survive at an 
acidified ocean level. Hence, leaving some parts of the ocean ecosystem in danger.1 
 The last two experiments were valuable because both gave ideas on how to 
carry out this experiment. All the experiments used pH to monitor the change that 
these plants did which also helped to add to the materials and procedures necessary.  

 

                                                
1 "Volcanic Carbon Dioxide Vents Show Ecosystem Effects of Ocean Acidification More." Volcanic Carbon Dioxide Vents Show 

Ecosystem Effects of Ocean Acidification (Jason Hall-Spencer). Macmillan Publishers, 8 June 2008. Web. 19 Sept. 2012. 
<http://plymouth.academia.edu/JasonHallSpencer/Papers/151760/Volcanic_carbon_dioxide_vents_show_ecosystem_effects_of_
ocean_acidification>. 



Part 2: continued:  
Previous Experiment: #2 
 
Paragraph 1: For each past 
experiment, include a 4-8 
sentence summary (of just the 
experiment) indicating what 
was done (the problem), what 
they found out (results & 
conclusion), & who did it. 
 
Paragraph 2: After you present 
the experiment information 
write 4-5 sentences on how this 
HELPED YOU understand 
better what you will be doing, 
and how this relates to your 
project. 
· Be sure to provide reference 
cite in your footnotes. 
·DO NOT list or give numbered 
steps, but rather a summary. 
·  NO I’s Me’s You’s!!! 
A paragraph is 5-7 sentences! 
   FOOTNOTES REQUIRED 

Example 2:  
Porins, J., G. Ivanovs, and O. Dzerins conducted and experiment in 2009  to see if 
electromagnetic interference (EMI) could have a hindering or beneficial effect on 
fiber-optic communications. It is generally assumed that EMI cannot affect fiber-
optics because the mode of transmission is light, instead of electricity, however, 
several experiments show that electromagnetic interference can indeed have an 
observable effect on fiber optic transmissions. 

In a series of experiments to see if electromagnetic disruption could limit 
the efficiency of standard WDM systems, they tested the WDM systems at several 
transmission rates, and observed that the plane of polarization and dispersion levels 
for wavelength division multiplexer systems changed. This influenced the amount 
of distance needed between different channels to stop a significant loss of 
efficiency. They concluded that a strong enough external electromagnetic influence 
could become a problem for certain systems that are sensitive to changes in the 
plane of polarization.  

This shows that electromagnetic influence can be a factor regarding the 
optimal efficiency of fiber-optic based communications. In addition, this 
experiment illustrates that fiber optic based communications are not necessarily 
completely immune to EMI. 2 

 

Part 2: continued:  
Previous Experiment: #3 
 
Paragraph 1: For each past 
experiment, include a 4-8 
sentence summary (of just the 
experiment) indicating what 
was done (the problem), what 
they found out (results & 
conclusion), & who did it. 
 
Paragraph 2: After you present 
the experiment information 
write 4-5 sentences on how this 
HELPED YOU understand 
better what you will be doing, 
and how this relates to your 
project. 
· Be sure to provide reference 
cite in your footnotes. 
·DO NOT list or give numbered 
steps, but rather a summary. 
·  NO I’s Me’s You’s!!! 
A paragraph is 5-7 sentences! 
   FOOTNOTES REQUIRED 
Footnote is in 10 pt. 

Example #3: 
     The California State Water Resources Control Board’s Surface Water Ambient 
Monitoring Program (SWAMP) commissioned scientists to perform a two year 
(2007-2008) screening survey of contaminants in sport fish in California lakes and 
reservoirs.  Their teams tested for mercury contamination in various fish species 
that are known to accumulate high concentrations of contaminants.  They are 
therefore good indicators of contamination problems.  They tend to be larger fish, 
that feed on smaller ones and therefore accumulate mercury in their flesh. The 
scientists collected 4,905 fish from 272 lakes and reservoirs.   
     They found problems in certain areas of the state, with mercury being of 
greatest concern. Twenty-one percent of lakes tested had at least one species of fish 
with mercury levels high enough to pose a threat to human health if eaten, 
especially by women of childbearing age and young children. Mercury 
contamination in California is mostly the result of historic mercury and gold 
mining.  However, it can also reach lakes from local and global emissions to the 
atmosphere. The contamination varied across the state.  For example, only 2% of 
the northern California trout lakes were above an acceptable limit, while, 48% of 
the lower elevation lakes in northern California and 16% of the lakes in Southern 
California were above that limit.  
     This study reveals the ongoing problem of contamination in California’s lakes 
and reservoirs. It also shows the ways in which that contamination has the ability to 
impact human health.  Some of this contamination is the result of activity that took 
place in the past.  However, it also results from air pollution.  In addition the levels 
of contamination can vary depending on location. 3 

                                                
2 Porins, J., G. Ivanovs, and O. Dzerins. "Influence of External Electromagnetic Disturbance on the Optical Fiber Properties in WDM 
Systems." Ee.ktu.lt. Electronics and Electrical Engineering Journal, 13 Apr. 2009. Web.  
<  http://www.ee.ktu.lt/journal/2009/4/13__ISSN_1392-1215_Influence%20of%20External%20Electromagnetic %20 
Disturbance%20on%20the%20Optical%20Fiber%20Properties%20in%20WDM%20Systems.pdf >  15 July 2013.  
 



Part 2: continued:  
Previous Experiment: #4 
 

 

Part 2: continued:  
Previous Experiment: #5 
 
 
·  NO I’s Me’s You’s!!! 
A paragraph is 5-7 sentences! 
   FOOTNOTES REQUIRED 

 

Part 2: continued:  
Previous Experiment: #6 
 
Paragraph 1: For each past 
experiment, include a 4-8 
sentence summary (of just the 
experiment) indicating what 
was done (the problem), what 
they found out (results & 
conclusion), & who did it. 
 
Paragraph 2: After you present 
the experiment information 
write 4-5 sentences on how this 
HELPED YOU understand 
better what you will be doing, 
and how this relates to your 
project. 
· Be sure to provide reference 
cite in your footnotes. 
·DO NOT list or give numbered 
steps, but rather a summary. 
·  NO I’s Me’s You’s!!! 
A paragraph is 5-7 sentences! 
   FOOTNOTES REQUIRED 

 

 



Part 3: 
Hypothesis  
        ½ pg 
This should be 2-3 
paragraphs: 
 
Please remember that a 
paragraph is 5-7 
sentences. 
 
Paragraph 1: a key 
previous experiment 
summary, named with 
the key points 
summarized 
Paragraph 2: how 
this relates to your 
project 
Paragraph3: your 
hypothesis paragraph 
BOLDED with 
specifics & numbers 
An educated guess 
about the outcome of 
your experiment.  
Based upon the 
PREVIOUS 
RESEARCH, what 
results do you expect? 
It MUST be a 
number or 
percentage. 
You must provide 
SUPPORT for your 
guess. Use the 
previous research by 
telling how it led to or 
influenced your 
hypothesis. 
BOLD your 
hypothesis in some 
way by using capital 
letters or a bold font. 
No: I, me, we, My, 
your name, or “you” 
anywhere in this 
paper.   There is to 
be no mention of 
you except for 1 
approved 
“experimenter”  
which you may use 
in this section. 

Example 1: Previous experiments on calorimetry have revealed that when a bomb 
calorimeter is used on a specific food sample, it can bring forth the amount of calories in 
that food sample. By applying the data gathered from burning the sample in the 
calorimeter to the formula for Specific Heat, Q = mcrT, one can discover the amount of 
calories in a food item.  The resulting number can then be compared to the number of 
Calories on the food label. In Tyler DeWitt, PhD’s experiment, he explains how to find 
the margin of error between the two numbers. His equation involves taking the value of 
the sample on the food label and subtracting the measured value, then dividing the 
difference of the two by the value on the label. After which, the answer is multiplied by 
100. The answer will be the percent of error between the label and the measured amount 
of the calorimeter.  

The two equations, for Specific Heat and the formula for the percent of error, are 
important to this experiment because this project intends to compare the measured amount 
of calories to the Calories on a food label. The Specific Heat equation will be used to find 
the measured amount of Calories in a food item, which can then be compared to the food 
label. The second formula, calculating the percent of error, will prove to be very useful 
because instead of only giving a rough estimate, a percent of how far off the two numbers 
are will be used. The second calculation also helped the experimenter in this project 
formulate a hypothesis, and allowed a comparison of the data in the procedure. 

The Food and Drug Administration states on its website that it does not have the 
resources to check every single food label for accuracy.  It simply uses random 
inspections. It further states in the same article that 5 Calories or less can be considered 
zero Calories.  Food manufacturing companies may be using this “5 Calorie or Less” rule 
to overestimate or underestimate the food’s true Caloric content.  Therefore, based on 
the previous experiments on calorimetry, it is hypothesized that about 20% out of 
100 tested food products will have food labels that do not match the measured 
amount of Calories. These food items are predicted to have food labels whose Caloric 
values are 10% higher than that of the measured Calories from the bomb 
calorimeter. 

Example 2: The results collected will be used to justify whether plants have an 
effect on ocean acidification. Past experiments have observed that seagrass has a high 
photosynthesis rate.  This plant can reduce the acidity level enough to increase 
calcification rates and pH levels up to 0.38 units in the general area of the seagrass bed. It 
was also concluded that seagrass is one of the plants that can survive at a pH of 7.6 just as 
well, if not even better, that the normal ocean pH level of around 8.1.  
           Similar to seagrass, sea lettuce has also been sought to reduce acidity levels but at a 
much lower rate. From the data Osinga collected his outcome was that a sea lettuce bed of 
180,000 square kilometers would be able to increase ocean pH 0.1 units. The pH has 
changed as of now a total of 0.1 units so that amount of increase from sea lettuce would 
be enough to compensate for ocean acidification. If the oceans continue to acidify at the 
rate they are going an increase of much more that 0.1 units will be vital for retaining the 
ocean’s natural ecosystem. From this background knowledge, it is thought that seagrass 
will have a larger effect than sea lettuce because a seagrass bed, normally much smaller 
than 180,000 square kilometers, was proven multiple times in previous experiments to 
increase ocean acidity levels more than 0.1 units as a sea lettuce bed of such size would. 
Since the containers used in these experiments are of much smaller size than the 
conductions done in the ocean, the pH increase should be greater.  

Due to the information collected it is hypothesized that each of tanks will start 
with an initial pH of 8.0 units. The container with seagrass is predicted to increase 
the pH 0.25 units by the end of the experiment, resulting in a pH of 8.25. The 
container with sea lettuce in predicted to increase the water level 0.15 units, ending 
at 8.15. The last of the containers, containing both seagrass and sea lettuce is thought 
to have an overall increase of 0.20 units in pH with the outcome of 8.20 pH units.  



Part 4: 
Materials & 
Procedure 
(shortened 
version/summary) 
� ½ - ¾ page 

Write a summary of 
your experiment in 
formal language. 
 
1.  Start with the 
materials/ equipment   
you will need. This is 
NOT a list, but  
paragraph. 
2. Describe the 
techniques that must 
be mastered in order 
for you to conduct this 
experiment, and a 
discussion of the 
resources and assistance 
that might be required. 
3. Write a summary of 
how you expect your 
procedures to go.  
DO NOT write a 
numbered,  
step-by-step procedure 
WRITE a paragraph .  
NO I’S ME’S YOU’S WE’S  
IN THIS SECTION!! 

 

For your FINAL 
notebook your will 
update your procedure 
with all the changes you 
had to make. 

So, please plan to 
update this section 
if/when your 
procedures change.  
The final notebook will 
be accurate. 
 (YOU WON’T change 
your hypothesis) 

Example1:      This experiment is about determining whether or not treads are more 
efficient, when comparing battery usage and speed to reach the determined destination, 
than wheels. This will help people by allowing them to make rescue robots to be able to 
be out in the field longer or get to an area faster. The materials needed to test this are, 
Lego Mindstorms NXT EV3, Lego technic treads, AAA batteries, a computer, Digital 
multimeter/Volt Ohm ammeter, tape measure, stop watch, paper, and a pencil. An adult 
may also be needed to help with programming.  
     The first part of the experiment is building the robots to test. The robot must be able to 
use both wheels and treads in order for it to work. After the robot is finished it needs to be 
programmed to move in a straight line for the test. After the programming is finished, the 
next step will be to test that it works properly. After making sure that it works, the robot is 
ready to be run through the various terrain tests. 
     Five terrains are needed to test the robots.  Any terrain works as long as all of the 
terrains are different. To do the testing, first the battery levels must be recorded. Have the 
robot move three feet on each terrain. Record the battery levels right afterword with the 
digital multimeter. After testing two robots on all five terrains with treads and wheels, 
record and analyze the data. Create a conclusion based off of how far it got, whether it 
made it or not, how much energy it used, and how fast it went. 
 
 
 
Example 2:     Materials and Procedure with drawings 
 Photovoltaic devices will be used as the “electric eye” for the sun sensor.  The sun 
sensors that will be used in the experiment generate tiny amounts of electricity or electric 
signals.  These sun sensor signals must be amplified to create enough power to energize 
the motor that moves the panel.  Using Ohm’s Law transistors and resistors can be 
selected to create an amplifier. 

 
Figure 6:  Sun Sensor Shadow Box 

  
     An experimental setup will be used to test the sun tracking system performance. The 
system will be composed of a volt meter, a current meter, a light source, a solar panel, 2 
planks of plywood, 2 hinges, 2 sensors, 3 big diodes, 3 to 5 small diodes, 1 actuator, 1/25 
of a roll of solder, 2 transistors, and 1 circuit board.  The voltage and current during the 
intervals will be recorded. Data sheets have been obtained for key components: the 
BPW22A1 (photodiode) and the 2N2222 NPN (transistor). 
 
 
 



 

 
Figure 7:  Proposed sun tracking system diagram 

 
 It will also be necessary to have the equipment and data sheets for the parts.  The photodiode, when it sees 
light, it lets energy flow easier.  It has a plastic cover and costs about 10 cents.  The photodiodes will be used as 
sun sensors.  The transistor is an amplifier.  It will amplify the current from the photodiode to the motor which will 
move the panel perpendicular to the sun.  It will be an important part of the system because the panel will need to 
be moved when offline to the sun. 
 In addition to the required equipment, certain skills and knowledge are needed.  It is necessary to know 
how to make solder joints, have a basic knowledge of electronics, and have a mentor’s guidance.  Simulations of 
summer to winter sun angle variations will be tested by changing the angle to the panel.  The control for the 
experiment is a static solar panel.  The variable will be a moving solar panel. 
 A static solar panel and the tracking system will be tested under a moving light source.  After the data is 
collected, the power will be calculated under the various scenarios using both a voltage meter and a current meter.  
The changes in efficiency will be graphed and will be compared to the hypothesis (the efficiency changes as a 
factor of the cosine of the difference in the angle of the sun from perpendicular).  Finally, the prices of existing 
solar tracking systems and static solar systems will be compared to the cost of the project’s system.  If the system 
can produce more energy at a price lower than or equal to a static system, it will be cost effective.  If it is more 
expensive and is not significantly more efficient, it will not be cost effective.  Also, the number of static solar 
panels that can be replaced with this system and still produce the same amount of energy will be determined. 

Example #3    Materials and Procedures 
 In the experiment a wind tunnel will be built to test different airfoils and gather measurements based on 
different shapes and angles of the airfoils. Metrics being tested will include lift, drag, and air flow separation.  The 
results are anticipated to change based on different designs of airfoils being placed in the tunnel angle of attack 
and Reynolds number.  Some airfoil shapes that might be tested are wing thickness, wing length, camber, dimples, 
ruts, outward dimples, and triangles on top of the wing.  Using springs, lift and drag will be measuring by 
calculating the difference in tension of the springs once flow in the tunnel has started.   
     Velocity will be calculated using a manometer.  Air separation will be tested by soaking an airfoil in pigmented 
motor oil and as the air flows over the airfoil, the oil will collect at the boundary layer separation point 
demonstrating where the separation occurs. Some skills needed to learn are woodwork to build the tunnel and 
airfoils, engineering for the measurements and interpretation of the measurements, and aerodynamics to evaluate 
the airflow and air separation that will occur during the experiment.  Mr. Kurtis Long, an aerodynamics expert at 
NASA has helped to consult on the wind tunnel design, measuring devices and techniques used in testing.   

The “Little Smokey” wind tunnel, developed by the NASA Glen Research Center will be used in this 
experiment. The original design which only allows visual qualitative observations of flow patters will be modified 
for quantitative measurement to test lift, drag, and air separation.  Also, a manifold will be designed to integrate 
with a variable speed box fan to achieve varying Reynolds Numbers.  Plexiglas panels used for observation will 
also be modified and integrated with spring measurement devices to allow measurement of lift and drag and 
pigmented motor oil will be applied to the airfoil surfaces to identify the specific point of boundary flow 
separation on the airfoil surface as a function of angle on attack.  
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Example: Kelp is the largest marine alga and is part of the group commonly known as 
seaweed. Large groups form a kelp forest. It thrives off the California coast where nutrient 
laden water is channeled up from deep canyons that lie just beyond the intertidal zone. It 
grows in water from ten to one hundred and thirty feet deep. Two common types that 
grow in California are Giant (Macrocystis pyrifera) and Bull (Nereocystis leutkeana). 
These underwater forests shelter animals from storms and predators. Many species live on 
and around it. One example is the sea otter who will wrap itself in it so it does not float 
away while sleeping.  It can grow up to three feet a day in the best conditions. It can also 
live up to five years. Giant kelp can grow up too three hundred feet.  
      Kelp is a brown algae and belongs to the Fucaceae family. Though it is not a plant, it 
still uses photosynthesis. Their main predator is the sea urchin, which eats the anchor stipe 
and or the blades. Many invertebrates 
graze on it and the microorganisms 
that live on it. It prefers water to be 
less than 68 degrees Fahrenheit. If the 
water is too warm the blades will start 
to deteriorate. It gets its natural brown 
green color from the type one and 
three chlorophyll. The nutrient levels 
in water affect it, the more nutrients 
better. In order to reproduce it releases 
spores. It can release 600 spores an 
hour and over a trillion a year. Once at 
the surface kelp forms a canopy.  It is 
capable of growing a massive forty-five meters a 
season. It is found along many coastlines from South 
America to the Polar Region. It is also found all 
around the world from Tasmania to the Black Sea. 
There are one hundred and twenty four known 
species. 
     Kelp has a structure that looks similar to a leaf on a 
plant. This structure is called the blade and depending 
on the species there can be one up to hundreds. These 
blades absorb nutrients and are where photosynthesis 
takes place to make energy for it to survive and 
usually survive for six months. Their length can vary 
from a quarter inch to a few feet. 
     The stipe is a  structure looks similar to the stem of 
a plant. It’s a very strong vine-like appendage that 
holds the whole plant together. It can vary from about 
a quarter of an inch to about three inches in diameter. Attached to the stipe are 
one or more gas bladders. These assist in keeping it upright and are called pneumatocysts. 
They are filled with gas and act as a balloon to provide buoyancy. Buoyancy is crucial 
because it needs as many of the blades in the water column as possible, in order to get the 
most nutrients.  
     Kelp does not have roots, however, it does have a structure that looks like roots called 
the anchor. The anchor’s only function is to attach to the bottom of the ocean, which can 
be hard bottom or have  large rocks. The anchor forms a habitat on its own, as star fish, 
crabs and many other small marine organisms utilize it for shelter and protection. One or 
more stipe can grow from an anchor, which can survive for several years depending on 
conditions. When kelp breaks free from the anchor it is called a floater and often washes 
up on the shore where it dies.  
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          Kelp is edible and very nutritious for human consumption. Giant kelp contains 
iodine, calcium, sulfur, silicon, and phosphorus, iron, sodium, potassium, magnesium, 
chloride, copper, zinc, manganese, barium, boron, chromium, 
lithium, nickel, silver, titanium, vanadium, aluminum, 
strontium, bismuth, chlorine, cobalt, gallium, tin, and 
zirconium. It boosts the immune system, rids the body of 
toxins, and helps reduce fat absorption. Kelp has high iodine 
content and reduces cholesterol.  Algin is a sticky liquid 
found in kelp. It is used for various items such as ice cream, 
toothpaste, milkshakes, and many other man made products. 
Algin is a thickener, is high in fiber, and can increase the 
elasticity of skin. It is also a preservative. Out of all the 
seaweed families kelp is the most harvested and 
commercially important.  
     The harvesting of kelp is legal and overseen by the department of Fish and Game. 
When kelp is harvested about a meter is cut off the top. It can also be burned to produce 
soda ash. Kelp is a staple food in many Asian cultures and some European as well. The 
Japanese have used it for over one 
thousand five hundred years. It is also 
commonly used as a fertilizer for 
farming. It is used as dietary 
supplements, nutritional supplements, 
a water softener, and a salt substitute. 
     For decades, there was little 
concern for what was running into the 
ocean. Wastewater from sewage 
plants, industrial wastes from 
manufacturers, plastics, urban runoff, 
pesticides and fertilizer from farms, 
acid rain, and even radiation from 
nuclear power plants. These pollutants 
enter the water directly and indirectly. The direct way is runoff, and seepage from boats is 
shown in the diagram on the right.  
     One example of indirect pollution is where air is polluted and then falls to the ocean in 
rain. The diagram shows how all pollution eventually come to the ocean at some point in 
time and is carried by currents and spread. It is a common misconception that pollutants 
put in the ocean will just be diluted. Most ocean pollutants, such as plastic don’t dilute, 
which why a floating plastic island exists in the middle of the pacific ocean. Plastic and 
other human trash also wash onto the shores of remote islands. There are huge algae 
blooms known as the red tide that occur because of sewage and bacterial buildup. These 
are very toxic and cause beaches to close because of the danger. It is obvious that decades 
of pollution have collected in the ocean. Since kelp filters the water to gain nutrients, it is 
logical for it to absorb the pollution as well.   
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Example #1: The research and experimenting is being done to show whether contact lens 
solutions fulfill their job in sterilizing contact lenses. Contact solutions are comprised of 
many chemicals that work together to contribute to cleaning lenses. Patients who use 
contacts believe their cleaning solutions sterilizes their contact lenses, though they aren’t 
aware of how well they work. Contact solutions are thought to clean contact lenses; 
however through previous research, unsterilized contacts have led to many infections. 
Infections can easily occur if patients use a contact solutions that does not fully sterilize 
their contacts. It’s essential that the eyes stay healthy when using, these corrective lenses, 
since the eyes are one of the most important organs in the human body.  
     Based on previous research, some contact solutions may work better than others 
depending on the type, and some may take longer to eliminate bacteria. In the experiment 
done by Gilman, she revealed that contact solutions do sterilize contacts and they are 
much more efficient than homemade solutions. The University of Leicester demonstrated 
that manufacturers have to work and see if all the ingredients mix well, in order to have 
the solution to function properly. In the previous research, the solutions they tested 
eliminated most of the bacteria and worked well. The chemicals and preservatives in these 
sterilizing solutions work together to kill any microorganisms left on contact lenses.  
According to the previous research, the contact solutions used in this experiment will 
kill most of the bacteria and microorganisms on the lenses. About 95% of the 
bacteria incubated in this experiment will be killed after about 3 hours.  
     Cleaning and disinfecting is a major responsibility for a patient using contacts, and 
without proper hygiene, bacteria can build up on contacts. Proper hygiene and an efficient 
contact solution is vital in order to keep the eye safe from infections and keeping contacts 
clean. The results from this experiment will demonstrate how well contact solutions work 
to eliminate bacteria and keep the eyes healthy. 
 
Example 2:          This research and experimental process aims to determine nutrition 
label accuracy.   One-third of adults and over 20 million children in America are 
categorized as obese.  Research shows that these statistics have increased over time, with 
heart disease continuing to be the leading cause of death for the past five decades.  Obesity 
and heart disease are directly related.  Increased intake of Calories and decreased output of 
calories, results in weight gain and potential obesity and heart-related illness.   
      The FDA allows manufacturers to round the number of calories down to zero if the 
food item has 5 or less calories. Additionally, it does not perform routine inspections of 
food labels.  Companies today prefer to use the Atwater system for Caloric calculations. 
The Atwater system utilizes established values for each macronutrient to determine total 
Calories and involves results that are rounded up or down to in order to make use of whole 
numbers.  Therefore, based on the previous experiments on calorimetry, it is 
hypothesized that about 20% out of 100 tested food products will have food labels 
that do not match the measured amount of Calories. These food items are predicted 
to have food labels whose Caloric values are 10% higher than that of the measured 
Calories from the bomb calorimeter. 
      This experiment attempts to verify whether food companies are overestimating or 
underestimating the Calories in their products. It will also compare the difference between 
the measured and calculated values. This information will be valuable to a vast variety of 
consumers.  Knowledge of Caloric intake will help people become more conscious of 
what is in the food they are eating and if this will help or hurt their diet goals.  This 
awareness may even lead to a longer, healthier life.  
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