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The Lighthouse Initiative for Science Classrooms

Over the past few years, two documents were created to help middle school and high school
teachers understand and apply how the Texas Essential Knowledge and Skills (TEKS) are aligned
with AP* objectives. First, a committee of experienced middle and high school language arts
teachers wrote the Lighthouse Initiative for English/Language Arts Classrooms, choosing to use a
lighthouse as a metaphor for AP language and AP literature, which often serve as the capstone
courses for language arts in Texas high schools. Similarly, a committee of experienced middle and
high school mathematics teachers produced the Lighthouse Initiative for Mathematics Classrooms,
with the capstone courses being AP statistics and AP calculus. It is in using these precedents that
the Lighthouse Initiative for Science Classrooms was created: a document for helping Texas
middle and high school science teachers relate the TEKS to the AP course objectives for
environmental science, biology, chemistry, and physics.

The lighthouse metaphor was chosen to convey the role of AP courses in guiding middle and high
school instruction in order to prepare students for advanced high school and college coursework.
Paraphrasing from the language arts and mathematics Lighthouse documents:

"A lighthouse is a tower located at some place important or dangerous to navigation;
at its top sits a very bright light to guide or warn ships at night. A lighthouse should
sit on bedrock, and its construction must be architecturally strong. The great beacon
at the top of the lighthouse should make safe the navigation of ships to their
appointed harbors."

The bedrock consists of the TEKS, as they provide the foundation for curriculum, instruction, and
assessments in Texas science classrooms. The strength of a course curriculum lies in its
framework of lessons, which should emphasize content and skills developed at the appropriate
level with appropriate activities. The AP course objectives are the beacon, guiding students toward
the harbors of success in the AP science courses.

It is important to recognize that AP is not a test but a program. Although it is true that a student
who performs well on an AP exam may be awarded college credit at many colleges and
universities, the AP program establishes a standard for developing advanced thinking and
communication skills at all levels of secondary science. For example, students can learn and apply
science skills like problem-solving, organizing and collecting data, graphing and other analysis
techniques, and the use of appropriate technology at all levels of science.

There is no better way for a student to develop these skills than to do regular and appropriate lab
activities in science. The two most important words in science are relationship and change, since
all scientific investigations are directed toward the discovery of a relationship between two
quantities and how that relationship changes. Jean Piaget found that children often have difficulty
thinking beyond an assumption that they don't believe to be true. If students are able to discover or
verify a relationship in science for themselves, they are much more likely to be able to think beyond
that relationship and extend their thinking to higher levels of understanding. This is the reason why
we as science teachers spend so much time designing, developing, and using lab activities for our
students. Both the TEKS and AP objectives for science strongly encourage the development and
practice of lab skills, and the AP exams in all four of the sciences actually test student
understanding of the laboratory environment, including skills such as designing experiments,
collecting, organizing and analyzing data, and discussing sources of error and ways of improving
the experimental technique.

The Lighthouse Initiative for Science Classrooms is intended to familiarize teachers with the
content and skills a student needs to ultimately be successful in one or more of the AP science
courses. Here you will find course descriptions for the AP sciences, sample AP exam questions
and solutions and their relationships to earlier science courses, suggestions for vertically aligned
lab activities for grades 6–12 with a correlation to the TEKS, and much more.

We hope that you find this Web site useful in preparing to teach your students about the
relationships and changes of science and wish you the best as you continue to be a lighthouse for
your students.
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Lighthouse Initiative for Science Committee (written by Hugh Henderson)

[printer-friendly]

5



*AP, Advanced Placement Program, and Pre-AP are registered trademarks of the College Board, which
does not endorse nor was it involved in the production of this Web site.

**Permission to excerpt AP materials does not constitute review or endorsement by the College Board,
of these materials, or any questions or testing information they may contain.

©2006 Texas Education Agency

For more information, please send an e-mail to: Curriculum@tea.state.tx.us

The Goals of the Pre-AP* Science Program

Pre-AP* science courses should:

prepare growing numbers of students, especially those traditionally underrepresented in
AP* courses, for the challenges offered by the Advanced Placement Program.*
introduce skills, concepts, and assessment methods to prepare students for success in AP
and other challenging courses.
provide extensive laboratory experience, which should include practice in designing
experiments, interpreting data, and evaluating results.
develop a student's ability to manipulate experimental data in various types of graphs and
methods of analysis, including the concepts of best-fit lines, appropriate scales, slope,
interpolation, and extrapolation, non-linear data, transformation to linear data, area under
the curve, tangent line, equation for a line, regression analysis, and statistical tests.
prepare students to use discipline-specific language to explain and discuss scientific
information.
make regular use of technology to help solve problems, experiment, interpret results, and
verify conclusions.
be a part of a well-planned and coherent curriculum so that teachers can build upon
knowledge and skills that students have acquired in previous courses and can prepare
students for subsequent courses.
inspire students to take higher-level science classes.
inspire students to choose science careers.
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Course Sequencing 
 

Possible Course Sequences For Success In AP* Science Courses 
 

There are many variations for course sequencing. However, in order for a student to maximize the 
number of AP* science courses taken, students beginning with Algebra I in grade 8 are at an advantage. 

 

GRADE 6 
OPTIONS 

Middle School 
Grade 6 
Science 

Middle School 
Grade 6  

Math 

Middle School 
Grade 6 
Science 

Middle School 
Grade 6  

Math 

GRADE 7 
OPTIONS 

Middle School 
Grade 7 
Science 

Middle School 
Grade 7 
Science 

Pre-AP* Grade 
7 Science 
(Life/Earth) 

TEKS Grade 7/8 

Advanced 
Grade 7 Math or 

Pre-Algebra 

Advanced 
Grade 7 Math or 

Pre-Algebra 

Middle School 
Grade 7  

Math 

GRADE 8 
OPTIONS 

Middle School 
Grade 8 
Science 

Middle School 
Grade 8 
Science 

Pre-AP IPC 
(Chemistry/Physics) 

TEKS Grade 7/8 

Pre-Algebra Algebra I Algebra I 

GRADE 9 
OPTIONS IPC 

Algebra I Pre-AP Biology or Biology I** 
**students following this path must take chemistry and physics 

Geometry or 
Algebra II 7



 GRADE 10 
OPTIONS 

Pre-AP Biology 
or Biology I 

Geometry or 
Algebra II 

Chemistry (R or Pre-AP) and/or 
Physics (R or Pre-AP) 

*AP Environmental Science with 
one of the above possible 

Geometry or 
Algebra II 

GRADE 11 
OPTIONS 

Chemistry (R or Pre-AP) and/or 
Physics (R or Pre-AP) 

*AP Environmental Science with 
one of the above possible 

Geometry or 
Algebra II 

Chemistry (R or Pre-AP) and/or 
Physics (R or Pre-AP) not taken 

in Grade 10; Any AP science 
except Physics C 

Pre-Calculus 

GRADE 12 
OPTIONS 

Chemistry (R or Pre-AP) and/or 
Physics (R or Pre-AP) not taken 

in Grade 10; Any AP science 
except Physics C 

Pre-Calculus 

Any AP science or multiple 
ones!!  

Calculus 
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Importance of the Laboratory in the Science
Classroom

In Texas, the state mandates a minimum of 40% laboratory experience. In grade 6–12
Pre-AP*/AP* science courses the laboratory experience must be an integral part of each course.
Laboratory experience is vital for success on TAKS, AP, and other standardized exams that
students will encounter throughout their academic career. The laboratory is the place where
students learn by firsthand observation. After students have had opportunities to learn basic
laboratory skills in a given area, inquiry-type labs using these skills should stimulate independent
thinking, enhance problem-solving skills, and encourage further investigation. Students and
teachers are expected to practice laboratory safety at all times. Students should be challenged to
do the following:

design experiments;
choose and use appropriate equipment for measurements and data collection;
make in-depth observations;
collect, record, and organize data;
manipulate and/or analyze data appropriately;
communicate results including error analysis; and
identify areas for further investigation.
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The Role of Mathematics in the Science Classroom

One of the keys to success in science courses is a strong foundation in mathematics. A main focus
in science is data collection and analysis, which makes use of fundamental mathematics skills. In
surveying each of the AP* science courses, it is evident that a strong mathematics background has
a direct correlation to success in the AP science program. There should be consideration of
mathematics prerequisites when enrolling students in Pre-AP* and AP courses. Students have
more opportunity for success when there is a logical sequencing of mathematics and science
courses.
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The Role of Technology in the Science Classroom

Science provides a great number of opportunities to integrate technology into science curriculum.
The technology ranges from the use of the graphing calculator and use of probes to the use of
computers and analysis of data to the Internet. The integration of technology is so paramount that
the TEKS require the use of data collecting probes in middle schools. Science teachers are
encouraged to incorporate technology into their curriculum whenever the opportunity arises. Click
here for an example of a scope and sequence for graphing calculator skills.
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An Example of Scope and Sequence for Calculator
Skills

Developed by Carol B. Brown, Saint Mary's Hall, San Antonio, TX

Statement of philosophy: The graphing calculator is a tool to be used in mathematics and
science classes. It is not an end in itself. Skills that are enhanced or reinforced by the graphing
calculator should be practiced on a regular basis at all levels. Use of the calculator should not
mean that students do not learn basic mathematical operations or graphing skills.

Question 1: When is it appropriate to introduce students to the graphing calculator? Answer:
Grade 6 with classroom sets of calculators. Starting with grade 7, all students may be required to
purchase a TI 83, a TI 83+, or a TI-83+silver. This calculator will be satisfactory for all work done
through grade 12.

Skill Introduced Practiced Mastered

Turn calculator on and off 6th
Pre-Alg/Sci  6th

Adjust contrast 6th
Pre-Alg/Sci  6th

Learn about battery system 7th
Alg 1  9th

Basic operations (+, -, ×, or ÷) 6th
Pre-Alg/Sci  6th

Recalling answers 6th  7th
Recalling entry 6th  7th
Link for data transfer or program transfer/Mem
Management 7th Sci  8th

Use catalog 7th  8th

Math menu 7th
Alg 1  9th

Entering numbers in scientific notation 6th
Pre-Alg Science classes 8th

Clearing entries 6th
Pre-Alg/Sci  6th

Returning to home screen 6th
Pre-Alg/Sci  6th

Use of sin, cos, tan 6th Math 8th Science 8th

Use of sin-1, cos-1, tan-1, x-1 8th Science 9th Pre-Cal

Entering numbers in STAT/ clearing lists 8th Alg/Geo
Science  8th

STAT Edit menu/ sorting lists, / SETUP EDITOR 9th  9th

Functions which take arguments 8th Science Physics, Chem,
Alg II 10th

Use of STAT PLOT 6th Science Science/Math 8th

Windows 7th
Alg I

8th Science
Physics/Chem 11th

Zoom functions 7th 8th 8th
Trace 9th  11th
Calculating a value 9th Chem 11th

Calculating an intersection 9th
Alg II

Chem/AP
classes 12th
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Solver Optional   
Use of CBL to collect data/PHYSICS/CHEMBIO
/DATAMATE 6th Science 7th science 8th

Science

Random number generator 12th
AP Statistics   

Two variable statistics Pre-Calculus   
Linear regressions including pasting in function
into y=

8th/Alg I and
Science  9th

Correlation coefficient including turning on
diagnostics 8th Science  8th grade

Curve fitting-linear functions 8th Alg I and
Science Physics 9th

Batch transforms 8th Science/Alg
I Physics 10th

Chem

Linear transforms 11th
AP Sciences  AP

Sciences
Downloading data to computer and use of
Graphical Analysis 8th Science 9th 9th

One variable statistics/mean/median/standard
deviation/histograms/box and whiskers 8th Algebra I

Chemistry Statistics

Non-linear functions and curve fitting 8th Science Physics AP
Sciences

Basic programing skills 9th
Geo/Alg II  11th

The following skills are introduced in grades 9-12 and may or may not be totally mastered
dependent upon the student's math/science selection of courses. However, no teacher should feel
that he or she cannot use any of the following skills if appropriate to the lesson.

Skill Introduced Practiced Mastered
STAT Edit menu/ sorting lists, / SETUP EDITOR 9th  9th
Trace 9th  11th
Calculating a value 9th Chem 11th

Calculating an intersection 9th
Alg II Chem/AP classes 12th

Solver Optional   

Random number generator 12th
AP Statistics   

Linear transforms 11th
AP Sciences  12th

Basic programing skills Geo/Alg II  11th

The following skills are both introduced and mastered in the middle school years.

Skill Introduced Practiced Mastered

Turn calculator on and off 6th
Pre-Alg/Sci 6th

Adjust contrast 6th
Pre-Alg/Sci  6th

Basic operations (+, -, ×, or ÷) 6th
Pre-Alg/Sci  6th

Clearing entries 6th
Pre-Alg/Sci  6th

Returning to home screen 6th
Pre-Alg/Sci  6th
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Recalling answers 6th  7th
Recalling entry 6th  7th
Link for data transfer or program transfer/Mem
Management 7th Sci  8th

Use catalog 7th  8th

Entering numbers in scientific notation 6th
Pre-Alg

Science
classes 8th

Use of sin, cos, tan 6th Math 8th Science 8th

Entering numbers in STAT/ clearing lists
8th
Alg/Geo
Science

 8th

Use of STAT PLOT 6th Science Science/Math 8th
Use of CBL to collect data/PHYSICS/CHEMBIO
/DATAMATE 6th Science 7th science 8th

Science

The following skills are introduced in middle school but are not mastered until the high school
years.

Skill Introduced Practiced Mastered

Learn about battery system 7th
Alg 1  9th

Math menu 7th
Alg 1  9th

Use of sin-1, cos-1, tan-1, x-1 8th Science 9th Pre-Cal

Functions which take arguments 8th Science Physics, Chem,
Alg II 10th

Windows 7th
Alg I

8th Science
Physics/Chem 11th

Linear regressions including pasting in function
into y=

8th/Alg I and
Science  9th

Curve fitting-linear functions 8th Alg I and
Science Physics 9th

Batch transforms 8th Science/Alg
I Physics 10th

Chem
Downloading data to computer and use of
Graphical Analysis 8th Science 9th

Physics 9th

One variable statistics/mean/median/standard
deviation/histograms/box and whiskers 8th Algebra I

Chemistry Statistics

Non-linear functions and curve fitting 8th Science Physics AP
Sciences
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The International Baccalaureate Programme and
the TEKS

The Lighthouse Initiative for Science Classrooms focuses on the Pre-AP* program and the science
TEKS for the state of Texas.  One of the goals of the Pre-AP program is for students to develop
the skills and learning techniques necessary for success in college. Another program, the
International Baccalaureate (IB) Programme, has similar goals and has been adopted by some
Texas schools either in addition to or as an alternative to the Advanced Placement Program.*

These Lighthouse resources can be used for the IB Middle Years Programme. The ideas and
suggestions put forth on this site are consistent with the goals and mission statements of both AP*
and IB.

For more information, please visit the IB web site at http://www.ibo.org.
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Activities

Environmental Science
Biology
Chemistry
Physics
Middle School (Pre-AP*)

[printer-friendly]

17



*AP, Advanced Placement Program, and Pre-AP are registered trademarks of the College Board, which
does not endorse nor was it involved in the production of this Web site.

**Permission to excerpt AP materials does not constitute review or endorsement by the College Board,
of these materials, or any questions or testing information they may contain.

©2006 Texas Education Agency

For more information, please send an e-mail to: Curriculum@tea.state.tx.us

Environmental Science

Suggested Activities

Each activity linked below is in an HTML Web format. Linked to the HTML version of each activity,
you will find the original MS Word document. You can download the MS Word document to your
computer.

Aquatic Succession
Ecosystem Observations
Food Web Game and Bulletin Board
Habitat Selection
Particulates
Soil Tests
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Aquatic Succession

(Download the MS Word version of this document.)

Purpose

To observe the effects of nutrients on aquatic succession

Procedure

Obtain 5 clear containers of lake/river water that already contains some algae.1.
Place equal amounts of water in each container, and make initial observations.2.
Label the containers 0, 1x, 2x, 3x, 4x.3.
Obtain a general fertilizer (liquid is best).4.
In the container labeled 0, place no fertilizer.5.
Place an amount (e.g., a teaspoon would be plenty for an average fish bowl or 2000 mL
beaker; it depends on the size of your container) in the container labeled 1x.

6.

Place twice the amount in 2x, three times in 3x, and four times in 4x.7.
Place the containers in a sunny area or under lights.8.
Observe the containers once a week for a period of six weeks; if aquatic succession is
indeed accelerated due to nutrient enrichment, the containers with the highest levels of
fertilizers should contain the most algae. There may be a level that becomes toxic. This,
too, can be used as an inquiry lesson.

9.
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Ecosystem Observations

(Download the MS Word version of this document.)

Purpose

To observe an ecosystem in its entirety.

Procedure

Obtain something that will define an area (hula hoop, square foot PVC plots, 4 flags with
string).

1.

Place the 'area' in a place that will not be disturbed.2.
Get down and observe your area; record

observations of soil, rocks, erosion, etc.
observations of insects (types, numbers)
observations of plants (types, numbers)
observations of animal evidence (tracks, scat, etc.)
observations of human effects (litter, tracks, etc.)
observations of dead matter (leaf litter, etc.)

3.

Repeat observations once a month throughout the school year ideally (allows students to
actually record the changes over the seasons).

4.
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Food Web Game

(Download the MS Word version of this document.)

Purpose

To demonstrate the interactions and importance of the different parts of a food web.

Procedure

Generate a list of a variety of organisms (may be indigenous, may live in a particular biome,
etc.).

1.

Place these names on construction paper (may have students draw them).2.
Have students form a circle.3.
Start a ball of yarn with a producer.4.
Producer throws ball of yarn (while holding on to free end) to primary consumer.5.
Repeat throughout a simple food chain.6.
When a decomposer is reached, throw ball back to a producer.7.
Continue until a sufficient web is built.8.
Pull different levels of organisms (consumers, producers, decomposers) out one at a time
to illustrate the effects one creature may have on a food web.

9.

Food Web Bulletin Board

Follow the same basic principle but place the cards/pictures on a bulletin board and have students
build the web with yarn.
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Habitat Selection

(Download the MS Word version of this document.)

Purpose

To observe the types of habitats preferred by an organism.

Procedure

Obtain a piece of clear tubing (minimum 1-2 inch diameter) that is open at both ends.
Obtain stoppers that will effectively seal both ends. Place a line circling the middle of the
tube so that you create two halves.

1.

Place 10 fairy shrimp (other visible, aquatic invertebrates may be used) in the tubing along
with the water they are adapted to.

2.

Close and place the tube on its side for 5 minutes. Record the number of shrimp on each
side of the tube. Discuss the importance of this as a control measure.

3.

Now place a different stimulus (see examples below) on either side of the tube and record
the number of shrimp on each side, every minute, for 10 minutes.

Hot pack under one side and cold pack under the other.
Cotton ball soaked in vinegar on one side, nothing on the other (cotton ball has to go
into the tube).
Cotton ball soaked in solution of baking soda on one side, nothing on the other.
Cover one side with opaque material (dark paper), leave other exposed to light.
Place a cotton ball soaked in saturated salt water on one side, nothing on the other.
Place some kind of noise (ticking clock, etc.) on one side, nothing on the other.
Use your imagination; this can be a more intuitive investigation than a cookbook
investigation if treated as such.

4.

After recording data, graph the data and use to predict the types of habitats selected by
fairy shrimp (results and conclusions).

5.
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Particulates

(Download the MS Word version of this document.)

Purpose

To observe and record particulate air pollution.

Procedure

Obtain an index card.1.
Use a hole punch to make one hole in the card.2.
Cover that hole on one side only with very sticky tape.3.
Without touching the sticky side of the tape, observe it either with a magnifying glass or
under a stereoscope. Draw your observations and record any particles that already seem
to be stuck to the card.

4.

Place the card, sticky side out, somewhere in the school or out of doors.5.
Observe the card the next day. Again, draw observations and record any particles that are
stuck to the card.

6.

The activities you can do with this are varied; it lends itself to graphing, predicting, interpreting, etc.
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Soil Tests

(Download the MS Word version of this document.)

Purpose

To test soils for a variety of substances.

Procedure

Obtain several different soils samples; have students bring them in.1.
Purchase soil test kits.

N-P-K test kits (available in most science catalogs at a very reasonable price) are
both user friendly and efficient.
Texture test kits (also available in most science catalogs) are also very user friendly
and efficient.

2.

Have students test their soils according to the instructions in the kit.3.
Have students research the types of crops/flowers/trees that would grow in their soils.4.

The activities you can do with this are varied; it lends itself to graphing, predicting, interpreting, etc.

[printer-friendly]
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Biology

Suggested Activities

Each activity linked below is in an HTML Web format. Linked to the HTML version of each activity,
you will find the original MS Word document. You can download the MS Word document to your
computer.

Supplies Needed for AP* Biology Labs

Adaptations for Life in the Cold: Teacher Information
Adaptations for Life in the Cold: Student Sheet

Using a DNA Sequence Angiotensin Gene: Teacher Notes
Using a DNA Sequence: Student Sheet
Autoradiogram of a Portion of the Angiotensin II Receptor Gene

Determining the Q10 of Endothermic and Ectothermic Organisms: Teacher Information
Determining the Q10 of Endothermic and Ectothermic Organisms: Student Sheet

Factors that Affect the Light Reaction of Photosynthesis: Teacher Information
Factors that Affect the Light Reaction of Photosynthesis: Student Sheet

Organisms and Interactions with the Environment: Teacher Information
Organisms and Interactions with the Environment: Student Sheet

Winogradsky Column and Biofilm Study: Teacher Information
Winogradsky Column and Biofilm Study: Student Sheet
Winogradsky Lab Analysis and Suggestions

[printer-friendly]
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Supplies Needed for AP* Biology Labs

(Download the MS Word version of this document.)

Note: Bold typed items may be purchased locally.

dialysis tubing (at least 2 cm in diameter X 18 cm in length)
glucose
starch
IKI-potassium iodide and iodine
Tes-Tape
sucrose
cork borer (5mm diameter)
string
plastic wrap
potatoes
thermometers
balances
beef liver
3% hydrogen peroxide
1.0 M sulfuric acid
2 % potassium permanganate
pearl onion bulbs
0.5% toluidine blue
1 % hydrochloric acid
1 M hydrochloric acid
spinach
petroleum ether
acetone
square chromatography paper
0.1 M phosphate buffer
DPIP
pea seeds
glass beads
1% potassium hydroxide
15% potassium hydroxide
ethanol
pH paper
syringes
2 doz. 10 ml syringes
2 doz. 1 ml syringes
large Ziploc bags
paraffin wax
toluidine blue, this is the crystal form
glycerin
nonabsorbent cotton
absorbent cotton
turkey pans or wall paper troughs
foil
plastic wrap
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spectrophotometers
cuvettes
burette clamps and burettes
electrophoresis chambers
electrophoresis voltage boxes
20, 100, 1000 microliter pipets
microcentrifuge

Standard Lab Equipment Needed:
tubing clamps for tubing of 8mm diameter and 1.5 mm wall thickness
Petri dishes (plastic is fine)
meter sticks
test tubes
test tube holders
test tube racks
Floodlights
4 thermometers
ring stands, ring stand clamps
methyl cellulose
50 ml beakers
250 ml beakers
1000 ml beakers
distilled water
electric fans-2
single edge razor blades
slides and coverslips
compound microscopes
paper towels
masking tape
marking pens
100 ml graduated cylinders
eyedroppers
ice
rulers
dissecting probes
hot plates
Bunsen burners
burner striker
triple beam balances
kitchen blender
airline tubing
Vaseline
1 hole rubber stoppers to fit into 1ml pipets
aquarium sealer
index cards
burettes
0.1 ml pipets
1.0 ml pipets
pipets to measure 1 ml in 0.1 divisions
pipets to measure 0.1 ml in 0.01 divisions
Fruit fly blue media
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Fruit fly vial stoppers
Fly Nap
DNA for transformation and electrophoresis
thin stemmed plants
microsize water bath
15 nuts and bolts

[printer-friendly]
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Adaptations for Life in the Cold: Teacher
Information

(Download the MS Word version of this document.)

Computer Information

This lab was designed to work on a Macintosh computer, but it can be modified to work on other
computers. The computer equipment that is needed to make this lab work comes from Vernier.
You need a serial box (SBI), Direct Connect Temperature Probe (DCT-DIN), and Data Logger
Software (DL-SBI). These can be purchased from Vernier. The address is:

2920 S.W. 89th Street
Portland, OR  97225
phone: (503)-297-5317

Safety

CAUTION: Caution students about working around liquids and computers and electrical outlets.

CAUTION: Caution students about hot liquids. (The temperature should be around 37°C, which is
body temperature and should not burn anyone.)

Laboratory

The cups can be the paper type used to hold hot liquids, or yogurt containers work well. The cups
can be marked to hold 200 ml of water by marking them with a permanent marker.

The feather apparatus is made by using a feather pillow and knee-high stockings. Fill the stocking
feathers prior to class.

The foam rubber cover can be made by purchasing a foam rubber egg carton mattress and cutting
it to size to surround the cup.

Sand or soil can be purchased at any discount department store with a garden center or a garden
shop. Note: if sand is used, the cup actually cools down faster than the control due to the heat
capacity of sand and the fact there are very few pockets of air in the sand.

Software

The software that is used in conjunction with the temperature probe is Data Logger. It can be
purchased for the Mac, IBM, or Apple. The following instructions are for the Macintosh but can be
modified for either the IBM or Apple. This following details how to make the template for the
laboratory exercise:

Load Data Logger on to the computers and open it up.
You will notice three icons: Data Logger 4.06, Default, Experiment Files.
One nice feature of Data Logger is that they have made some templates for their probes,
and they can be modified to fit your own experiment and then saved under your own title for
the students. The following steps work nice for this experiment:
It is important that you try this lab and these software setting out first so that you can
modify them to meet the particular needs of your own experiment.
Be sure you have the experimental apparatus set up for this experiment by connecting the
serial box to the computer through the modem port, the temperature probe is connected to
Port 1 on the serial box.
Open up Experiment Files
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Open up the file that says Direct-Connect Temp
When you do that a dialog box will appear and ask you if you want to the load the
calibration saved with this experiment ("Direct-Connect Temp.CLB")? Click Yes. It will load
the calibration file.
A graph will appear.
Pull down the Collect Menu and highlight Display Inputs. This allows you to see what the
sensor is actually sensing at any given time at the bottom of the graph under the x axis by
the word Temperature. You can enlarge this feature by pulling down the Windows menu
and highlight on Big Numbers.
Pull down the Collect Menu and click on All Graphs Live. This allows you to see the graph
being made as data is being collected.
Pull down the Collect Menu and click on Data Rate, a dialog box should appear, you will
notice that it should be set at 2 pts. per second change this to 5 pt per minute and click OK
or press the return key on the key board.
The axes of the graph is modified by first highlighting the last number on the X axis, Time
(minutes). Now type in the amount of time you wish to run the experiment for. Type in 10.
This means that the experiment will run for 10 minutes. The Y axis should have a range of
30-45.
If it does not have this range, then highlight the top number, and type in 45 and highlight the
lower number and type in 35. The temperature of the water only cools down .5° to 2° C.
Put the probe into water along with the thermometer. They should both have the same
reading. If the probe does not, it should be calibrated. need to calibrate your machines. To
calibrate the computer do the following:
Take a beaker of water add ice to it to cool down the water. Put a thermometer in the ice
water to get a temperature reading. Have second beaker of very warm or hot water ready.
Pull down Collect Menu and highlight Calibrate Deg C...
A dialog box will appear and say, How would you like to calibrate the probes? Click on
Calibrate Now or press the return key on the key board.
A dialog box will appear and say, Which ports would you like to calibrate? Click on Port 1
only as this is where the temperature probe is located.
A dialog box will appear and say, Wait for the reading to stabilize. Now place the probe and
a thermometer in the ice water and wait for the voltage to stabilize and once it has click on
Stable or press return on the key board.
A dialog box will appear , and now type in the temperature reading that registers on the
thermometer. Once you type in this reading, click OK or press return on the key board.
A dialog box will appear and say to Place the Temperature probe in a different known
situation... at this time place the temperature probe and the thermometer into the warm
beaker of water and wait for the reading to stabilize. Once it is stabilized click Stable or
press the return key on the key board.
A dialog box will appear now type in the temperature reading that registers on the
thermometer. Once you type in this reading, click OK or press return on the key board.
Another dialog box will appear with the specifications of the calibrations, if they are
acceptable to you, press the return key or click on OK.
Once you have accomplished this, you can save your experiment so that you do not have to
set the software again. Pull down the File Menu and highlight Save Experiment As ... A
dialog box will appear type in the name you would like to name your lab. Decide where you
want to save this on the hard drive or a disc. Highlight Save. Another dialog box will appear
and ask you if you would like to save the calibration for this experiment. Click Yes. Now the
experiment can be used by your students without having to set up the software. As long as
you use that same probe with the same computer, the calibration should be good for some
time to come.

[printer-friendly]
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Adaptations for Life in the Cold: Student Sheet

(Download the MS Word version of this document.)

Background

An adaptation is a an inherited trait or characteristic an individual organism possesses that will help
it to survive and ultimately reproduce. These favorable genes or characteristics will then be passed
on to the next generation. This exercise will investigate adaptations that aid in survival in cold
climates.

The tundra is a large terrestrial biome located in northern latitudes. The climate of the tundra is
very cold and dry. The sun is always low in sky and little radiant energy is received at any given
time. In summer however, the total radiant is great because the days are very long, up to 24 hours
above the Arctic Circle. During the summer, the top layer of solid thaws, but the ground beneath,
the permafrost, always remains frozen. Melting snow cannot drain into the permafrost, so water
collects on the surface in the top layers of the soil. Even though annual precipitation is small, for six
to eight weeks during the summers, the tundra is a land of ponds and marshes. In this short
growing season, plants must make a whole year's of food supply. Soils are poorly developed and
contain very little nitrogen. Because of this grasses and sedges are the dominant plant life. There
are no large trees and what woody plants that do grow are no more than a few centimeters tall.
Leaves of most plants are small and are hairy or have margins that roll inward to reduce the water
loss from the leaf surface. Flowers appear quickly and seeds develop quickly.

The animals in the tundra are a reflection of the plant life found in the tundra. During the summers
there are many animals that migrate to the region to feed on the blooming plant life. Migratory
water birds raise their young in the long days that allow around-the-clock food gathering. Caribou
graze on the grasses and lichens. Ptarmigan, arctic foxes and snowshoe hares are present in their
brown summer coats. Lemmings are numerous and are followed by their predators the snowy owl,
stoat and ermine.

The change from summer to winter is rapid. Lakes and ponds freeze. Snowfall is light only 25-30
cm year. Winds sweep open areas free of snow. Daylight hours are few and above the Arctic
Circle after the winter solstice there are three months of near darkness. Migratory birds have
flown south and the caribou have moved south to the coniferous forests. The gulls and the foxes
have migrated to the seashores to become scavengers feeding on seal remains that polar bears
have killed and eaten. Lemmings stay in the tundra burrowing under the snow and sheltered spots.
They eat the seeds they have stored or plant roots. Ptarmigan feed on buds of plants that stick out
above the shallow snow. They may burrow into the snow during storms. Only mush-oxen face the
winter's full force. Living on lichens, they seek out uncovered plants or paw away at the snow to
uncover the plant material.

Purpose

The purpose of this investigation is to compare the insulating effect of man made insulation of foam
rubber with that of natural substance such a feathers. A cup of warm water will represent model of
an animal. A temperature probe connected to the computer will monitor the change in temperature.

The second purpose of this investigation is to investigate the effects of different shelters in
stabilizing temperatures. A cup will once again represent a model of an animal. This cup will be set
into containers that represent different types of shelters. The first run of the experiment the
control. This is represented by a cup of warm water just surrounded by air. The second run of the
experiment represents a shelter of sand or soil. The third run of the experiment is represents a
shelter lined with natural materials such as leaves, hay or wood chips.

Materials

Temperature probe
8 oz paper cup for hot liquids or yogurt containers
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Lids to fit the cup
100 ml graduated cylinders
Piece of foam rubber
Scissors
Sock with feathers
l lb coffee can
Sand
Hay, leaves or grass
Water bath with 37° C water
Masking tape

Procedure

Slide the calculator and CBL or LabPro Interface in the bottom part of the cradle, and it will
click into place. Snap the calculator into the top Part A portion of the cradle.

1.

Plug the short black link cable into the link port on the bottom of the TI Graphing Calculator
and the interface.

2.

Plug the temperature probe into channel 1 of the LoggerPro interface or channel 2 of a CBL
2. Insert the temperature probe into the lid of the container.

3.

Turn on the calculator and press  for a TI 83 plus or  for the TI 83 then press
the number key that precedes the DATAMATE program. Press  when you reach the
MAIN MENU. At this time the interface should have auto ID your temperature probe and the
correct temperature should be displayed in the upper right hand corner. If the correct
temperature is not displayed do the following:

Select SETUP from the menu
Press 
Select TEMPERATURE from the SELECT SENSOR MENU
Select the type of temperature probe that is connected to the interface
Press 

4.

Select SET UP from the MENU by pressing 
Select MODE by pressing the  key and then 
Select TIME GRAPH by pressing 
The program will display the default timing, change this by pressing  to select CHANGE
TIME SETTINGS.

5.

Set up the calculator and the interface for data collection
Enter "10" as the time between sample, in seconds, press 
Enter "60" as the number of sample (the interface will collect data for 10 minutes) and
press . A new window will appear and give you a summary of the timing of your
experiment.
Press  if the settings are acceptable.

6.

Another window will appear with the summary of the probes and the length of
theexperiment. Press to indicate OK.

7.

A new window will appear and the calculator is ready to start the experiment.8.
Pour 200 ml of hot water into your cup. This is up to the blue line found on the inside of the
cup. This water should be found in a water bath to keep it at a constant temperature. Put
the lid on the cup of hot water. CAUTION: Water is hot, take care when handling the water.

9.

Put the temperature probe into the hole of the top of the cup. CAUTION: Take care not to
spill any liquids on the interface or graphing calculator.

10.
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After about 15 seconds the temperature should stabilize. Press . The experiment will run
for 10 minutes. There should be 4 short beeps and the quick setup light will flash. You
should notice that the temperature is being graphed as the data is being collected. It will
continue taking data for ten minutes. When the experiment is complete 4 short beeps will
sound and the quick setup light will flash. Now a labeled, fitted graph will be displayed.

11.

Using the  or  keys move the cursor and the data points can be displayed at the bottom
of the graph. Use these keys to determine the beginning and final temperature values of the
water.

12.

Press  on the calculator and you will return to the main menu. The parameters that
you set for this experiment are still in the calculator and so another run of the experiment
can be done without resetting the calculator again.

13.

Pour out the water and get another 200 ml of hot water. You are to repeat this experiment
but this time you will put the cup into the sock containing the feathers. Take care not to spill
the water and try to cover the container with as many feathers as possible.

14.

Press  to start the experiment again. Be sure to record the beginning and final
temperatures on your data sheet.

15.

Pour out the water and get another 200 ml of hot water. You are to repeat this experiment
but this time you will wrap the cup with foam rubber. Take care not to spill the water and try
to cover the container with as much foam rubber as possible. Keep this in place by using
masking tape.

16.

Press  to start the experiment again. Be sure to record the beginning and final
temperatures on your data sheet.

17.

Return the equipment to its original condition and clean up your lab station.18.
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Answer the fill out the data table and answer the questions for this experiment.19.

Procedure Experiment Part B

Slide the calculator and CBL or LabPro Interface in the bottom part of the cradle, and it will
click into place. Snap the calculator into the top portion of the cradle.

1.

Plug the short black link cable into the link port on the bottom of the TI Graphing Calculator
and the interface.

2.

Plug the temperature probe into channel 1 of the LoggerPro interface or channel 2 of a CBL
2. Insert the temperature probe into the lid of the container.

3.

Turn on the calculator and press  for a TI 83 plus or  for the TI 83 then press
the number key that precedes the DATAMATE program. Press  when you reach the
MAIN MENU. At this time the interface should have auto ID your temperature probe and the
correct temperature should be displayed in the upper right hand corner. If the correct
temperature is not displayed do the following:

Select SETUP from the menu
Press 
Select TEMPERATURE from the SELECT SENSOR MENU
Select the type of temperature probe that is connected to the interface
Press 

4.

Select SET UP from the MENU by pressing 
Select MODE by pressing the  key and then 
Select TIME GRAPH by pressing 
The program will display the default timing, change this by pressing  to select CHANGE
TIME SETTINGS.

5.

Set up the calculator and the interface for data collection
Enter "10" as the time between sample, in seconds, press 
Enter "60" as the number of sample (the interface will collect data for 10 minutes) and
press . A new window will appear and give you a summary of the timing of your
experiment.
Press  if the settings are acceptable.

6.

Another window will appear with the summary of the probes and the length of the
experiment. Press  to indicate OK.

7.

A new window will appear and the calculator is ready to start the experiment.8.
Pour 200 ml of hot water into your cup. This is up to the blue line found on the inside of the
cup. This water should be found in a water bath to keep it at a constant temperature. Put
the lid on the cup of hot water. CAUTION: Water is hot, take care when handling the water.

9.

Put the temperature probe into the hole of the top of the cup. CAUTION: Take care not to
spill any liquids on the interface or graphing calculator.

10.

After about 15 seconds the temperature should stabilize. Press . The experiment will run
for 10 minutes. There should be 4 short beeps and the quick setup light will flash. You
should notice that the temperature is being graphed as the data is being collected. It will
continue taking data for ten minutes. When the experiment is complete 4 short beeps will
sound and the quick setup light will flash. Now a labeled, fitted graph will be displayed.

11.

Using the  or  keys will move the cursor and the data points are displayed at the bottom
of the graph. Use these keys to determine the beginning and final temperature values of the

12.
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water.
Press  on the calculator and you will return to the main menu. The parameters that
you set for this experiment are still in the calculator and so another run of the experiment
can be done without resetting the calculator again.

13.

Pour out the water. Pour about 1 inch of sand into the bottom of a coffee can and set the
empty cup into the can. Situate the cup so that it is in the center of the can and the top of
the cup is below the rim of the can. Now using a funnel, pour sand between the cup and the
wall of the can filling can. Now pour another 200 ml of hot water into the cup. Put the lid on
to the cup. Put the temperature probe into the hole in the center of the coffee can lid, now
put the coffee can lid on to can and as you do so put the temperature probe also into the
cup lid. You are to repeat this experiment.

14.

Press  to start the experiment again. Be sure to record the beginning and final
temperatures on your data sheet.

15.

Pour out the water and get another 200 ml of hot water. You are to repeat this experiment
but this time you will use grass and leaf cuttings as a natural material instead of the sand.
Take care not to spill the water as you put this material between the wall of the cup and the
wall of the can.

16.

Press  to start the experiment again. Be sure to record the beginning and final
temperatures on your data sheet.

17.

Return the equipment to its original condition and clean up your lab station.18.
Answer the fill out the data table and answer the questions for this experiment.19.

Adaptations for Life in the Cold

Answer Sheet

Pre-lab Questions

1. List three characteristics of the tundra.

2. What is an adaptation?

3. What sorts of animals are found in the tundra?

4. What sorts of plant life are found in the tundra?
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Data Sheet

Use the two graphs for Experiment A to fill in the data table below:

 
Experimental

Set-up
Minimum

Temperature
Maximum

Temperature

Total
Temperature

Change

part
A

Control    

Feathers    

Foam Rubber    

1. Which set up or "animal" stayed the warmest by showing the least amount of change in
temperature?

2. Which set up or "animal" cooled the fasted by showing the greatest amount of temperature
change?

3. Compare and contrast the response of feathers and foam rubber to insulating the animal?

4. What are some other adaptations that animals have to aid in their survival in the tundra?

Data Sheet

Use the two graphs for Experiment B to fill in the data table below

 
Experimental

Set-up
Minimum

Temperature
Maximum

Temperature

Total
Temperature

Change

part
B

Control    

Sand    

Natural
Materials    

1. Which set up or shelter stayed the warmest by showing the least amount of change in
temperature?

2. Which set up cooled the fasted by showing the greatest amount of temperature change?

3. Compare and contrast the response of sand and natural material to the environment and
comment on their ability to protect animals in the cold?

[printer-friendly]
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Using a DNA Sequence:
Teacher Information

(Download the MS Word version of this document.)

Background Information

See Student Worksheet.

Materials

Autoradiogram showing a portion of the Angiotensin II receptor gene sequence (1 per
student)
Genetic code chart

Procedure

Use the DNA sequence for DNA replication and protein synthesis.

Use the simulated autoradiogram to determine the sequence of DNA belonging to a portion
of the Angiotensin II receptor. Notice that the autoradiogram has been divided into four
columns. The first column represents all guanine nucleotides. The second column
represents all adenine nucleotides, the third is all thymine nucleotides, and the last column
shows all cytosine nucleotides.

1.

Working from the bottom of the autoradiogram, place a ruler under the first nucleotide seen
on the autoradiogram. This area is marked with *. Notice how it is the only nucleotide going
across all four columns. Record this nucleotide as the first nucleotide found in the gene
sequence.

2.

Move the ruler up 1 nucleotide. Notice how it is the only nucleotide found going across all
four columns. Record this nucleotide as the second nucleotide in the gene sequence.

3.

Continue reading the autoradiogram until you have reached the top.4.
With your sequence, complement to form the other strand of DNA.5.
Use this sequence of DNA to have students practice DNA replication.6.
Next, introduce the concepts involved in protein synthesis- an understanding that DNA codes
for mRNA, and mRNA carries information for making proteins.

7.

Using the DNA strand made from the autoradiogram, have students transcribe the DNA
strand into a mRNA strand.

8.

Compare mRNA strands produced by the class but do not make any corrections to the
strand.

9.

Determine the amino acid sequence by using a genetic code chart.10.
Compare amino acid sequences of the Angiotensin II receptor.11.
Discuss how an addition/deletion and a substitution of 1 nucleotide on the DNA sequence
affects the protein being made.

12.

Analysis and Conclusions

The DNA, mRNA, and amino acid sequence read from the autoradiogram is as follows:
DNA: AAT GTG GCG GTA TAG AGG AAC AGG ATG GTG TCG TGT TCC AAA
TTC ACT
MRNA: UUA CAC CGC CAU AUC UCC UUG UCC UAC CAC AGC ACA AGG UUU
AAG UGA
Amino acid: Leu His Arg His Iso Ser Leu Ser Tyr His Ser Thr Arg Phe Lys

Students would complement the DNA sequence to show a complete DNA strand. The
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process of DNA replication can be illustrated with the newly synthesized strand being a
different color so that students see that only half of each DNA molecule made is new.
DNA replicates for cells to undergo cell division.
15 amino acids are found in the sequence. Leucine, arginine, serine have different codons
for the same amino acid. Leucine codons are UUA and UUG. Arginine codons are CGC and
AGG. Serine codons are UCC and AGC.
tRNA picks up and carries an amino acid to the ribosome where the corresponding mRNA
codon is found.
If amino acid sequences do not correspond to the key, students may have read the
sequence incorrectly from the autoradiogram or could have complemented mRNA
incorrectly to DNA.
If the first U on the mRNA is deleted, the amino acid sequence would be: tyrosine,
threonine, alanine, isoleucine, serine, proline, cysteine, proline, threonine, threonine, alanine,
glutamine, glycine, leucine, serine.
Deleting 1 nucleotide adjusts the reading frame of the codons, therefore, the possibility of
new amino acids being coded for increases.
Depending on where the substitution is placed, either a change in the amino acid sequence
will occur or it will not.

[printer-friendly]
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Using a DNA Sequence: Student Sheet

(Download the MS Word version of this document.)

Background Information

The purpose of this activity is to have students work with a portion of the Angiotensin II receptor
gene sequence. Analysis of the DNA sense strand allows for understanding of major concepts
involved in replication, protein synthesis and mutations.

The Angiotensin II receptor gene has been isolated, purified, and sequenced in rats, frogs, and
turkeys. The main function of this gene is to produce an Angiotensin II receptor that will bind to
Angiotensin II, a hormone involved in elevating blood pressure induced by sympathetic nerve
stimulation, induces a drinking response, increases sodium appetite when sodium depletion blood
levels occur, may influence cognitive processing particularly the time required to learn a new task
and to recall that task, and may be related to changes in olfactory and auditory systems.

Materials

Autoradiogram of a portion of the Angiotensin II receptor gene sequence
Genetic code chart

Procedure

Use the simulated autoradiogram to determine the DNA sequence of the Angiotensin II
receptor. Notice that the autoradiogram has been divided into four columns. The first column
represents all guanine nucleotides. The second column represents all adenine nucleotides,
the third is all thymine nucleotides, and the last column shows all cytosine nucleotides.

1.

Working from the bottom of the autoradiogram, place a ruler under the first nucleotide seen
on the autoradiogram. This area is marked with *. Notice how it is the only nucleotide going
across all four columns. Record this nucleotide as the first nucleotide found in the DNA
sequence.

2.

Move the ruler up 1 nucleotide. Notice how it is the only nucleotide found going across all
four columns. Record this nucleotide as the second nucleotide in the gene sequence.

3.

Continue reading the autoradiogram until you have reached the top.4.
The sequence of DNA you have just read is a portion of the Angiotensin II gene. This strand
carries information for the making of protein receptor.

5.

With your sequence, complement to form the other strand of DNA.6.
Use this sequence of DNA to illustrate the process of DNA replication.7.

Analysis and Conclusions

1. Write down the DNA sequence you believe is the correct sequence to this portion of the
Antiotensin II gene.

2. Complement your strand of DNA to make a complete DNA molecule.

3. Using the sequence of the DNA molecule, illustrate the process of DNA replication. Use another
sheet of paper to show this diagram.

4. Using your diagram, describe the process of DNA replication in your own words.

5. Why must DNA replicate?
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Protein Synthesis Procedure

Use class notes and your book to review the concepts of how DNA gives information for
making mRNA.

1.

Using the DNA strand from the autoradiogram, transcribe DNA into a mRNA strand.2.
Separate the mRNA sequence into groups of 3 nucleotides apiece. With these codons,
determine the amino acid sequence that is produced by using the genetic code chart found
in your book.

3.

Compare amino acid sequences of the Angiotensin II receptor with other members of the
class.

4.

Analysis and Conclusions

1. How many amino acids are found in the portion of the Angiotensin II receptor gene sequence?

2. Was there any one specific amino acid that was being coded by different codons? If so, which
amino acids does this apply to and what codons were used?

3. tRNA molecules are important in protein synthesis. What role do tRNA molecules have in the
process of protein synthesis?

4. If an amino acid sequence from the class does not match what is being expected, give an
explanation as to what could cause the sequence to be different.

5. Using your mRNA sequence, remove the first nucleotide of the sequence. Regroup the
nucleotides into new codon groups. Analyze this new strand of mRNA for its amino acid sequence.

6. How does the new amino acid sequence compare with the original amino acid sequence?

7. Give an explanation to how deleting 1 nucleotide in the mRNA strand affects a protein.

8. Using your original mRNA sequence, substitute 1 nucleotide for another one. How does this
substitution change the amino acid sequence?
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Autoradiogram of a Portion of the Angiotensin II
Receptor Gene

(Download the MS Word version of this document.)
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Determining the Q10 of Endothermic and
Ectothermic Organisms: Teacher Information

(Download the MS Word version of this document.)

Respirometers

To make the respirometers, the following is needed:

# 7 stopper with two holes
a third hole is needed to add a thermometer
32 oz Gatorade bottles
Surgical, flexible tubing
L-shaped glass tubing-this can be made by using a Bunsen burner
U-shaped glass tubing-this can be made by using a Bunsen burner
Thermometer
20 cc syringe
Soda lime
Cheese cloth
Rubber band
Colored water

The respirometer can be made as diagramed above.

Soda lime packets are made by adding a teaspoon of soda lime in several squares of cheese (3" x
3") cloth or tied off with a rubber band. The soda lime can be used several times but once the
packets are made should be kept in a air tight bag until used so that the carbon dioxide in the air
does not combine with the soda lime. Soda lime can be purchased at a chemical supply company.

The stoppers, glass tubing, and surgical tubing can be bought at a science supply company.

The stopper needs to have a third hole drilled in it to accommodate a thermometer.

The syringes can be obtained at a medical supply company

The layers of screen is needed to keep the animal away from the soda lime as it is corrosive. The
screen can be purchased at a hardware store.
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Determining the Q10 of Endothermic and
Ectothermic Organisms: Student Sheet

(Download the MS Word version of this document.)

Purpose

In chemistry, a measurement of a rate of a chemical reaction and its relationship to  temperature is
called Q10. It is usually studied in 10° increments. Because physiological processes in an organism
are based on chemical reactions, Q10 can be applied to living organisms and their metabolism.
Therefore if the temperature of an  organism goes from 15° to 25° C and the metabolism doubles,
then Q10 is equal to 2. However, if the metabolism triples then Q10 is equal to 3. This experiment
compares metabolisms per unit gram and their respective Q10 values.

Background

An ectotherm (poikilotherm) is an organism which is a commonly called a "cold blooded" organism.
In these organisms there is a direct relation between the rate of many physiological activities and
environmental temperature. Ectothermic animals are sluggish when it is cold because their
metabolism is slow and move faster when it is warm because their metabolism is higher. An
endotherm (homeotherm) is a "warm blooded" organism. This means that its body temperature is
independent of environmental temperature. Mammals and birds are endotherms, and most other
animals are ectotherms. The advantage of being an endotherm is that their metabolic rate stays,
or they do not get "sluggish" in cold weather. A rabbit can run just as fast in cold weather as it can
in warm weather. The disadvantage of being an endotherm is that it takes a tremendous amount of
energy or food to be endothermic and maintain that constant temperature. Because in general, the
environmental temperature is lower than the animal's body temperature, the endothermic organism
is a furnace. Note, animals living in warm climates have adaptations to accommodate these
conditions. The advantage of being an ectotherm is that these organisms do not require as much
food. For example, snakes only eat once every few weeks as opposed to three times a day like
humans.

Materials

Gatorade bottles or jars of similar size
thermometers
soda lime
syringes 20 cc
tubing
stoppers
cheese cloth
glycerin
glass tubing
1 lb. coffee can or 1 gallon Ziploc bags
circles of screen
mouse
frog or 20 crickets
balance
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Procedure

Construct the respirometer as shown below with a jar, stopper, tubing, thermometer and
syringe. Put a teaspoon lime soda onto a piece of cheesecloth and tie it off with a rubber
band.

1.

Put this soda lime into the respirometer.2.
Put several layers of screen into the respirometer.3.
Insert some colored water into the glass tubing and mark this level on the tubing with a
marker.

4.

Make sure the syringe is pulled out and set to zero.5.
Weigh the mouse and make note of its weight.6.
Put the mouse into the bottle and seal with the respirometer lid.7.
As the mouse consumes oxygen, the dye in the glass tubing will move toward the mouse.
Return the dye to its original position by pushing the plunger of the syringe. The syringe will
also indicate how much oxygen has been consumed.

8.

Take readings from the syringe every 30 seconds for 10 minutes.9.
Repeat this experiment with a frog.10.

Graph the amount of oxygen consumed per organism per unit time.11.
Make a second graph. This time calculate the amount of oxygen per unit mass gram of
organism per unit time.

12.

Repeat the experiment above with the mouse and frog, but lower the temperature of the
chamber by inserting a baggy of ice and put the respirometer in the coffee can and pack ice
around the respirometer. The temperature should be lowered to 10-15 degrees Celsius.

13.

Make two more graphs as in the above experiment.14.

Pre-Lab

Define the following:

Ectotherm/poikilotherm
Endotherm/homeotherm

1. What is the advantage of being a endotherm?

2. What is the disadvantage of being a endotherm?

3. What is the advantage of being a ectotherm?

4. What is the disadvantage of being a ectotherm?
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Cold Temperature

Time O2
consumed

Zeroed
out
data

O2
consumed

0.0    

0.5    

1.0    

1.5    

2.0    

2.5    

3.0    

3.5    

4.0    

4.5    

5.0    

5.5    

6.0    

6.5    

7.0    

7.5    

8.0    

8.5    

9.0    

9.5    

10    

Mouse Mass

Room Temperature

Time O2
consumed

Zeroed
out
data

O2
consumed

0.0    

0.5    

1.0    

1.5    

2.0    

2.5    

3.0    

3.5    

4.0    

4.5    

5.0    

5.5    

6.0    

6.5    

7.0    

7.5    

8.0    

8.5    

9.0    

9.5    

10    
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Mouse Mass

Room Temperature

Time O2
consumed

Zeroed
out
data

O2
consumed

0.0    

0.5    

1.0    

1.5    

2.0    

2.5    

3.0    

3.5    

4.0    

4.5    

5.0    

5.5    

6.0    

6.5    

7.0    

7.5    

8.0    

8.5    

9.0    

9.5    

10    

 

Cold Temperature

Time O2
consumed

Zeroed
out
data

O2
consumed

0.0    

0.5    

1.0    

1.5    

2.0    

2.5    

3.0    

3.5    

4.0    

4.5    

5.0    

5.5    

6.0    

6.5    

7.0    

7.5    

8.0    

8.5    

9.0    

9.5    

10    
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Data

Organism Beginning
Temperature

Ending
Temperature

Change in
Temperature

#Oxygen
Consumed

Rate
Respiration

Mouse
warm      

Mouse
cold      

Frog
warm      

Frog
cold      

      

1. What happened to rate of respiration for the frog when it was lowered?

2. What happened to rate of respiration for the mouse when it was lowered?

The following is the formula for Q10. Determine the Q10 for the frog compared to that of the
mouse.

Q10 =
(Rate of respiration at the higher temperature) (10) / (T2-T1)

(Rate of respiration at the lower temperature)

T1 = Lower temperature
T2 = Higher temperature

3. How did the value for Q10 for the frog compare to that of the mouse?
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Factors that Affect the Light Reaction of
Photosynthesis: Teacher Information

(Download the MS Word version of this document.)

Safety

CAUTION: Be sure to warn your students about the fact that DPIP may stain their skin or clothing.

Solutions

To make the chloroplast solution, use 50 g of fresh spinach with 250 ml of a 0.5M cold sucrose
solution. Make the sucrose solution by using 171 g of sucrose and bring to a l liter with distilled
H2O. Take the sucrose sugar solution and the spinach and put into a blender. You may have to
tear the leaves. Blend the spinach with three 5-10 second bursts. Pour through several layers of
cheese cloth. Keep on ice. This will last only 1-2 hours, after which new chloroplasts suspensions
should be made.

0.1- M Phosphate Buffer is made by taking 174 g K2HPO4 (dibasic) brought to liter of distilled H2O
and 136 g KH2PO4 (monobasic) brought to 1 liter with distilled H2O. Mix 685 ml of KH2PO4
(monobasic) with 315 K2HPO4 (dibasic). The pH should be 6.5, if not adjust accordingly. Since this
is a 1 M solution it must be diluted to 0.1 M by taking 100 ml of the 1 M phosphate buffer solution
and adding 900 ml of distilled water.

DPIP(2-6 Diphosphoindol phenol) solution is made by bringing 0.072 g to 1 liter of water. This
solution in its oxidized state is a blue dye.

CAUTION: This may stain clothing and skin. Use care when handling this solution. Light will reduce
this solution so it needs to be stored in the dark either in amber bottles or the refrigerator. The
effect of light on the DPIP during the lab is negligible. Also, if you are just playing around with this
lab and leave the DPIP out in an open beaker, the amount of water that evaporates will effect
concentration of DPIP. This will make the DPIP much darker and will effect the results.

[printer-friendly]
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Factors that Affect the Light Reaction of
Photosynthesis: Student Sheet

(Download the MS Word version of this document.)

Purpose

The purpose of this experiment is to investigate if light and intact chloroplasts are necessary for
the light reaction to occur.

Background Information

Photosynthesis is a most wonderful process in which plant with chloroplasts have the ability to
make sugar from carbon dioxide. Glucose has more energy than carbon dioxide. This is because
the glucose molecule has hydrogen.

6CO2 + 6H20 ------> C6H1206 + 1202

To make glucose chemical energy is needed. This chemical energy comes in the form of ATP and
NADPH.

In order for this reaction to occur, the plant cell must regenerate the ATP (put the phosphate back
on ADP) and NADPH (put hydrogen on NADP).

This also requires energy but this energy light and chlorophyll.

This is called the light reaction. The purpose of the light reaction is to make the chemical energy
needed to be able to make glucose. It occurs in the thylakoid of the chloroplast. The question then
arises, is it necessary for intact chloroplast for this reaction to occur or will chlorophyll by itself be
enough? Secondly, is it really necessary for light for this reaction to occur?

To investigate this reaction, a dye DPIP is used. DPIP is blue but will turn clear if it is mixed with
chloroplasts and the light reaction is occurring.

Materials

4 test tubes
test tube rack
phosphate buffer
distilled water
5 cc syringe
dropper
aluminum foil
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Procedure

Obtain the above materials.1.
Label the test tubes 1-4.2.
Put the above compound into each of the test tubes. Compare the colors.3.
For test tube, wrap it in foil and make a foil cap, so that no light can get in.4.
In test tube #2 and #3, add three drop of chloroplasts. Be sure to put # 3 back in the
aluminum foil. Observe the color and compare it to #1.

5.

In test tube #4 add three drop of CHLOROPHYLL not chloroplasts. Observe the color and
compare it to #1.

6.

Every five minutes compare the color of tests tube to one another and to test tube #1 for
fifteen minutes.

7.

Questions

1. Why is ATP and NADPH needed for photosynthesis?

2. Is light needed for photosynthesis? How do you know?

3. Are chloroplast needed or is chlorophyll by itself enough? How do you know?
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Organisms and Interactions with the
Environment: Teacher Information

(Download the MS Word version of this document.)

Safety

CAUTION: Be sure to warn your students about the fact that the LaMott Water Testing Kit
contains dangerous chemicals and that they should only be used as prescribed by the directions.

Information

The lab uses the LaMott Water Testing Kit for dissolved oxygen. Other kits may be used to
determine the amount of dissolved oxygen in a water sample.
Thermometer or a temperature probe may be used to determine the temperature of the
water sample. This parameter really should not change.
Universal pH paper or a pH probe may be used to determine the pH of the water sample.
This parameter may depend on the make-up of the pond water.

[printer-friendly]
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Organisms and Interactions with the
Environment: Student Sheet

(Download the MS Word version of this document.)

Background

Organisms interact with the environment in which they live. They can change the environment. This
can lead to the process of succession. Succession is a replacement of one community by another
in a progression to a climax community. For example, when a volcano erupts, it may wipe out the
climax community. The first organisms to colonize the area may be mosses and lichens. These
plants may produce acids as a waste produce to break down rocks in the formation of soil. Once
soil formation is begun, ferns may come in and colonize the area. Its rhizoids help to form more
soil, and as they die and decompose, the soil may become more rich and suitable for different
types of organisms. It is easy to see that organisms can change the environment they interact
with.

Productivity is the rate at which organisms create new biomass. Photosynthetic autotrophs create
new biomass as a result of photosynthesis. Productivity is the amount of organic matter produced
from solar energy in a given area during a given period of time.

Gross primary productivity is the total amount of organic matter produced by autotrophs including
the organic matter the autotrophs use for cellular respiration.

Net primary productivity is the amount of organic matter produced in a community in a given time
that is available for heterotrophs. It is equal to the gross productivity minus the amount of energy
expended by the metabolic activities of the photosynthetic organisms.

In general, the biomass of all the organisms (heterotrophs and autotrophs) increases as result of
its net primary productivity.

Purpose

The purpose of this lab is to take the measurement of several factors of pond water. After 48
hours, the factors will be measured again to determine if the organisms have changed their
environment. The measurements to be taken are temperature, pH, and dissolved oxygen.

In the pond water, there could be autotrophs such as algae. These primary consumers obtain their
energy by photosynthesis.

6 CO2 + 6 H2O ---> C6H12O6  +  6O2

This process would increase the amount of dissolved oxygen. The pH of the water would decrease
because the carbon dioxide comes from the carbonic acid found in the water.

H2CO3  ---> H2O  + CO2

In the pond water, there are heterotrophs such as protozoans, small worms, or hydra. These
organisms decrease the amount of dissolved oxygen as they obtain their energy from cellular
respiration.

C6H12O6  +  6O2  ---> 6 CO2 + 6 H2O

This process would decrease the pH of the water because as carbon dioxide is produced, and it is
converted to carbonic acid.

H2O  + CO2  ---> H2CO3

Materials

LaMotte Dissolved Oxygen Testing Kit
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3 60ml water sampling jars
Thermometer or temperature probe
Universal testing paper or pH probe
Aluminum foil
Light

Procedure

Obtain 60 ml of pond water in a water sampling bottle. Measure its pH and temperature
and record.

1.

Following the instruction on the LaMott kit, titrate the water and determine the amount of
dissolved oxygen in the water sample.

2.

Obtain two water sampling bottles and fill both with pond water.3.
Cover one with aluminum foil. Put both bottles under a light for 48 hours.4.
After 48 hours, measure the pH and temperature of both bottles and record.5.
Using the LaMott kit, determine the amount of dissolve oxygen in both water samples.
Determine if the pH, dissolved oxygen has changed during this time.

6.

Data Table

 Temperature pH Dissolve
Oxygen

Water after 48 hrs. in light    

Original water sample    

Change    

    

Water after 48 hours in the dark    

Original water sample    

Change    

    

Gross productivity=Light bottle O2 ppm -Dark bottle O2 ppm
Net productivity=Light bottle O2 ppm -Initial bottle O2 ppm
Rate of respiration=Initial bottle O2 ppm -Dark bottle O2 ppm

Questions

1. What process was stopped once the water was covered with aluminum foil?

2. What processes were occurring in the light bottle?

3.  What evidence is there, that organisms can change their environment?

4. What was the difference between the measurements and results from the light bottle and the
dark bottle?

5. What is the net productivity for the pond water and what is the gross productivity?  Explain why
these two values are different.
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6. Explain what does it mean if the value for gross productivity is positive versus negative.

7. Explain what does it mean if the value for net productivity is positive versus negative.

8. Write a conclusion for this experiment.
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Winogradsky Column and Biofilm Study: Teacher
Information

(Download the MS Word version of this document.)

Introduction

The Winogradsky column is a small ecosystem that will show many types of microorganisms and
the importance of nutrient cycling. It is prepared by using a 3-liter soda bottle, soil, water, and a
few chemicals. By also producing a biofilm in the Winogradsky column, the succession of
microorganisms can be studied. The biofilm is made by placing a glass slide into the column that
will serve as a surface for the organisms to attach to. If the biofilm is observed for several weeks
in this study, the succession of organisms can be seen. The importance of nutrient cycling can be
studied by noticing changes in the population of organisms that occur in low oxygen conditions as
well as in good aerobic conditions. Students will notice changes in the color of the soil that reflect
hydrogen sulfide production and the type of microbes that appear or disappear with changing
levels of oxygen and hydrogen sulfide. This lab is intended to be a long-term study. It is
recommended that the column be observed for at least 5 or 6 weeks.

This lab can be used to study populations of organisms; a survey of microorganisms; nutrient
cycling; ecological succession; and chemical transformations.

Materials

For a group of 4 people

1 clear 3-liter soda bottle
Outdoor garden soil
Plastic wrap
5 g calcium carbonate
5 g calcium sulfate
10 g shredded newspaper
Balance
4 microscope slides
coverslips
Methylene blue
Gram stain reagents: crystal violet, iodine, ethyl alcohol, safranin (Optional)
Slide holders
Water squeeze bottle for Gram stain procedure
Microscope
Rubber band

Procedure

A. Construction of the Winogradsky Column and Biofilm

Using a utility knife cut the neck from a 3-liter soda bottle so that the bottle takes on the
appearance of a column.

1.

Soil from outside is ideal for this lab. Collect enough soil that can fill the soda bottle 2/3 full.2.
Lining a lab table with newspaper, clean the soil of debris. Remove any stones, pebbles,
grass clippings, leaves, and moving organisms that you can see from the soil sample.

3.

Mix the soil with 5 g of CaCO3, 5 g of CaSO4, and 10 g of shredded newspaper.4.
Place the soil mixture into the soda bottle then add enough tap water to cover the surface
of the soil by 3 or 4 cm.

5.

Stir to mixture to release any air bubbles trapped in the soil. Let the soil sit for 5 minutes.6.
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Add more water until the surface of the soil remains under water by a depth of 3 or 4 cm.7.
Mark a water line on the outside of the soda bottle to maintain the amount of water in the
bottle.

8.

Place 4 microscope slides in the bottle so that they are propped up vertically in the soil.
One end of the slide should be resting on the surface of the soil and the other end of the
slide should be leaning against the side of the bottle. In this position, the slide is partly
submerged in the water. Angle the slides so that each is at least 90% under the surface of
the water.

9.

Cover the soda bottle with plastic wrap and fasten with a rubber band.10.
Let the Winogradsky column and biofilm stand at room temperature for as long as you can.
It is recommended that the column be observed for at least a 6 weeks time period.

11.

B. Observations of the Winogradsky Column and Biofilm

The column may be observed the next class period. Have students notice the level of water
from where it was the day the column was set up. Other observations to notice while the
cover is on are the following.

Odors
Color
Condensation on the plastic cover
Crust forming in the bottle
Film on the surface of the water

1.

Observations to notice with the cover of the column off are the following.
Odors
Film over the surface of the water
Crust build up in the column
Macroscopic organisms

2.

The biofilm may be observed by pulling out the microscope slide from the end that is not
submerged in water. Each member of the group can observe a biofilm slide.

3.

Clean off one side of the microscope slide so that it can lie on the stage of a microscope.
Prepare a wet mount using low and high power objective lenses for observations. Have
students be patient when making initial observations because the organisms that can be
seen are very small. Most of what can be seen at this stage is bacteria. Have students
notice the shape of the bacteria, and their colony formation. Have students record their
data. You might have students log population counts of various organisms seen on this
date.

4.

When the observation study is completed for the day, rinse off the slide and place it back
into the column. A new biofilm will develop for the next observation period.

5.

It is recommended that observations of the biofilms be done as much as your time allows.
This study has been successfully carried out on A/B block scheduling. Observations of the
column and biofilm were done once a week for 30 minutes. Within 2 weeks, several protists
will be able to be identified. Have posters or books available for students to identify what
they are seeing.

6.

If more characterization is appropriate for the type of Monerans seen, Gram staining may
be used on the biofilm. Have students observe the slides for protists before the Gram
staining procedure begins. When completed, have students replace the stained slides with
fresh ones. Have a disinfectant bucket to place the slides in for future cleaning.

7.

The problem of study written for this lab may be altered to suit the needs of ecology or
classification studies.

8.

Background Information to Chemical Transformations Occurring in
the Winogradsky Column

Oxygen that is initially present in the Winogradsky column diffuses into the lower region of the
column. The newspaper added to the column is a source of carbon. Anaerobic bacteria are
responsible for the breakdown of cellulose. Products such as organic acids, alcohols, and
hydrogen will be made. These fermentation products along with calcium sulfate will be used by
sulfate-reducing organisms to produce hydrogen sulfide. The bacteria that help produce hydrogen
sulfide will make the soil appear blackish in the lower part of the Winogradsky column. When
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cellulose is decomposed, its products are fermented and will diffuse upward. Hydrogen sulfide will
also diffuse upward from where it is made in the soil. Metabolic compounds made by bacteria will
cause various organisms to accumulate as a result of the required conditions for growth and
survival.

Anaerobic photosynthetic bacteria, Chlorobium and Chromatium use the sulfides produced.
Chlorobium bacteria have green pigmentation while Chromatium has a purple pigment. By
responding to gradients of light and sulfides in the column, the 2 types of bacteria can have their
location in the column identified. Six weeks is usually not enough time to physically observe
locations of these Monerans within the column, but hydrogen sulfide will certainly be produced that
will give evidence that these organisms are beginning to reduce the sulfides within the column.
There are various tests that can be performed to verify the presence of these sulfide-reducing
bacteria.

In the upper areas of the column, especially where mud and water meet, hydrogen sulfide and
oxygen are present. It has been reported that aerobic, sulfide-oxidizing organisms will be present.
These organisms are responsible for the cloudiness seen in the water. Algae usually are present in
the upper most portion of the column producing oxygen. It is in this area where protozoans,
aerobic bacteria, and invertebrate larvae are found.

Nutrient cycling

Nutrients are being recycled in the column by all organisms living in the Winogradsky column.
Within the column, photosynthesis and respiration are recycling carbon, hydrogen, nitrogen, sulfur,
and oxygen. Bacteria ferment many of the organic acids. The fermented products can be further
metabolized with the nitrates and sulfates produced. Since the soil used in this lab will most likely
contain nitrogen-fixing bacteria, nitrogen fixation will occur along with nitrification and denitrification.
Both nitrates and sulfates can be assimilated into the heterotrophs. Certain bacteria to that form
hydrogen sulfide will also reduce sulfates.

Look for more detailed information on the Winogradsky column and biofilm.
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Winogradsky Column and Biofilm Study: Student
Sheet

(Download the MS Word version of this document.)

Purpose

The Winogradsky column is a small ecosystem that will show many types of microorganisms and
the importance of nutrient cycling. It is prepared by using a 3-liter soda bottle, soil, water, and a
few chemicals. By also producing a biofilm in the Winogradsky column, the succession of
microorganisms can be studied. The biofilm is made by placing a glass slide into the column that
will serve as a surface for the organisms to attach to. If the biofilm is observed for several weeks
in this study, the succession of organisms can be seen. The importance of nutrient cycling can be
studied by noticing changes in the population of organisms that occur in low oxygen conditions as
well as in good aerobic conditions. You will notice changes in the color of the soil that reflect
hydrogen sulfide production and the type of microbes that appear or disappear with changing
levels of oxygen and hydrogen sulfide.

You will need to keep a journal of your observations and data. Every entry you make should
include the date of study, qualitative, and quantitative data.

For this lab, you will set up a Winogradsky column and biofilm slides. You will then interpret the
general chemical transformations that occur in the column as a result of color changes in the soil,
identify common microorganisms, and determine the microbial composition of the column over
specified intervals of time.

Problem

What types of microorganisms will be seen in the process of ecological succession as chemical
transformations occur in a Winogradsky column over a six week time period?

Hypothesis

Materials

For a group of 4 people

1 clear 3-liter soda bottle
Outdoor garden soil
Plastic wrap
5 g calcium carbonate
5 g calcium sulfate
10 g shredded newspaper
Balance
4 microscope slides
coverslips
Slide holders
Microscope
Rubber band

Procedure

A. Construction of the Winogradsky Column

Have your teacher cut the neck from a 3-liter soda bottle.1.
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Soil from outside is ideal for this lab. Collect enough soil that can fill the soda bottle 2/3 full.2.
Lining a lab table with newspaper, clean the soil of debris. Remove any stones, pebbles,
grass clippings, leaves, and moving organisms that you can see from the soil sample.

3.

Using a large spoon, mix the soil with 5 g of CaCO3, 5 g of CaSO4, and 10 g of shredded
newspaper.

4.

Place the soil mixture into the soda bottle then add enough tap water to cover the surface
of the soil by 3 or 4 cm.

5.

Stir the mixture to release any air bubbles trapped in the soil. Let the soil sit for 5 minutes.6.
Add more water until the surface of the soil remains under water by a depth of 3 or 4 cm.7.
Mark a water line on the outside of the soda bottle to maintain the amount of water
throughout the study.

8.

Place 4 microscope slides in the bottle so that they are propped up vertically in the soil.
One end of the slide should be resting on the surface of the soil and the other end of the
slide should be leaning against the side of the bottle. In this position, the slide is partly
submerged in the water. Angle the slides so that each is at least 90% under the surface of
the water.

9.

Cover the soda bottle with plastic wrap and fasten with a rubber band.10.
Let the Winogradsky column and biofilm slides stand at room temperature for 6 weeks.11.

B. Observations of the Winogradsky Column and Biofilm

Keeping the cover on the column, note the appearance of the column and draw any
changes in color patterns or growth that occur in the soil and water over the incubation
period. Keep these in a journal. Notice the level of water from where it was the day the
column was set up. Other observations to notice while the cover is on are the following.

Odors
Color of the soil
Condensation on the plastic cover
Crust forming in the bottle
Film on the surface of the water

1.

Observations to notice with the cover of the column off are the following. (Do not put your
nose into the column for detecting odors. Use your hand to bring the air from the bottle up
to your nose.)

Odors
Film over the surface of the water
Crust build up in the column
Macroscopic organisms

2.

The biofilm may be observed by pulling out the microscope slide from the end that is not
submerged in water. Each member of the group can observe a biofilm slide. If the slide has
fallen into the column, use forceps or a slide holder to remove it.

3.

Clean off one side of the microscope slide so that it can lie on the stage of a microscope.
Prepare a wet mount using low and high power objective lenses for observations. Be
patient when making initial observations because the organisms that can be seen are very
small. Most of what can be seen at this stage is bacteria. Notice the shape of the bacteria,
and their colony formation. Record and illustrate what you see.

4.

Log the population count of each type of organism that is seen on this date.5.
For algae and protozoans, note the shape of the organisms, their color, and structures for
movement and be able to describe any behaviors they may have to light or to other
organisms.

6.

If bacteria shapes are hard to identify, use a drop of Methylene blue stain to help distinguish
the shapes. If this procedure is used, do not place the stained slides back into the column.
Replace them with fresh slides. Place the stained slides into the disinfectant bucket for
cleaning.

7.

When the observation study is completed for the day, rinse off the slide and place it back
into the column. A new biofilm will develop for the next observation period.

8.

After one week has passed, observe the biofilm for protozoans first. Afterwards, stain the
biofilm with Methylene blue to help in the identification of Monerans seen. When you finish
with the slide, replace the stained slide with a clean one. Give your teacher the stained
slide.

9.
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Your teacher may give directions for Gram stain procedures if more classification of
bacteria is necessary. Use Gram stain procedures to determine if the Monerans seen are
Gram + or Gram -. Do not return these slides in the column. Place the slides in the
disinfectant bucket for cleaning. Replace the 4 slides with new slides. Position the slides
into the column the same way as they were.

10.

Continue microscopic and visual observation of the column and biofilms for 4 more weeks.11.

More Information on the Winogradsky Column

As oxygen diffuses downward from the surface of the water, fermentation products from the
breakdown of cellulose and hydrogen sulfide move up to the top of the column. Oxygen conditions
remain very poor at the bottom of the column. Bacteria that are present at the bottom of the
column are mainly responsible for the decomposition of the cellulose found in the shredded paper.
As the chemical products (organic acids, alcohols, hydrogen, and sulfates) are released from
bacteria, they diffuse upward within the column and are responsible for groups of organisms to
accumulate in response to their required conditions for survival. This will create a vertical
distribution of organisms within the Winogradsky column.

Nutrient Cycling

Cycling of elements does occur as macro and microorganisms break down different organic
substances found in the soil and the cellulose in newspaper. No extra newspaper to supply organic
carbon will be added to the ecosystem like it is added in nature. In the column carbon, hydrogen,
and oxygen are cycled mainly by photosynthesis and cell respiration.
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Winogradsky Lab Analysis

(Download the MS Word version of this document.)

Problem 10 points ______
Hypothesis 10 points ______
Observations: Bottle 15 points ______
Observations: Biofilm 15 points ______
Chart on: Organisms Seen 7 points ______
Chart on: I.D. if Pro or Eukaryotic Cell 5 points ______
Chart on: Kingdom Classification of Organisms 5 points ______
Chart on: Population Counts 5 points ______
Chart on: Heterotroph or Autotroph 5 points ______
Chemical Transformation Description 8 points ______
Types of Organisms Causing Transformations 5 points ______
Succession of Organisms Described 5 points ______
Conclusion 5 points ______
TOTAL 100 points ______
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Suggestions for Winogradsky Lab Analysis

(Download the MS Word version of this document.)

The lab journal that students compile for this study can be designed for the level of classes taught.

In Pre-AP* biology, the following criteria have been used.

Problem:

Hypothesis: If, then format.

Observations: In paragraph form.

Data Chart:

Name of
Organism Seen

Prokaryote or
Eukaryote

Kingdom
Classification

Heterotroph or
Autotroph

Population
Count

     
     
     
     
     
     

Analysis

Describe the reasons for the development of the organisms seen.
Describe the chemical transformations that have occurred in the Winogradsky column.
What types of organisms are responsible for the chemical transformations seen? This can
be researched from the Internet.
Describe the ecological succession that was seen.

Conclusion

Relate back to the hypothesis.
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Chemistry

Suggested Activities

Each activity linked below is in an HTML web format. Linked to the HTML version of each activity,
you will find the original MS Word document. You can download the MS Word document to your
computer.

Alpha, Beta, Gamma Radiation Lab
It's Beanium! Lab
Determination of Density and Use of Graphical Analysis
Determination of Density and Use of the TI-83
Determination of the Water of Hydration of Barium Chloride
Electrochemical Fruit/Vegetable Contest
Understanding Half-Life (Pre-AP* Nuclear Chemistry Lab)
Heat of Combustion
Freezing Point Depression Lab
Intermolecular Forces—A CBL/Microtime Analysis
VSEPR

[printer-friendly]
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Alpha, Beta, Gamma Radiation

(Download the MS Word version of this document.)

Procedure: Setting up the calculator and data collection device.

Setting up the calculators and CBLs with a Radiation Monitor.

Use a CBL II or a LabPro.1.
Plug in a Vernier power source.2.
Link an 83+ calculator to the data collection device. The calculator needs the program
DATARAD.

3.

Select DATARAD from the PRGM menu. If it is archived, go to 2nd, MEM; 2: Mem
Mgmt/Del; 7:Prgm Arrow down to DATARAD and hit ENTER to remove from archive.

4.

Start the program.5.
Go to 1:Setup6.
1:Set interval7.
2:Set interval; Enter 20 seconds8.
1:OK9.
2:Background Correction10.
1:Perform now11.
1 Interval Enter12.

Procedure 1: Penetrating Ability

Using forceps, place a gamma radiation source on the ruler 5.0-cm from the detection unit.
Select 6: single interval from the menu on the calculator screen.

1.

2:Start2.
After the 20-second interval, the calculator will show the counts/interval and the corrected
counts/interval. That is the count with the background radiation subtracted out. It will also
multiply by three to show corrected counts/minute. This is the number that you should
record. Press Enter.

3.

Without moving the gamma source, place a piece of cardboard between the source and the
detector.

4.

Select 2:Start.5.
Record your data.6.
Repeat with a glass plate, and a lead plate.7.
Change to a beta source and repeat. Record your data.8.
Change to an alpha source and repeat. Record your data.9.

Source CPM

No Barrier

CPM

Cardboard

CPM

Glass

CPM

Lead
Gamma     
Beta     
Alpha     

Questions

1. Which shielding materials were effective in reducing the intensity of each type of radiation?
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2. How do the three types of radiation you tested compare in their penetrating ability?

3. Which of the three materials is most effective in blocking radiation? Which is the least effective?

4. What properties of a material appear to affect its radiation-shielding ability?

Procedure 2: Shielding Effects

This procedure is much like the preceding one, except that you will only use a gamma source. You
will experiment with the amount of each material used as a shield in order to drop the count to
within 5 counts/minute of background. You should use the same calculator procedure as you did
with Procedure 1. This time, however, use one piece of cardboard, 2 pieces, 3 pieces, etc. Then
switch to glass, and then to lead. Record your results in counts/minute.

Cardboard Glass Lead
1 piece    
2 pieces    
3 pieces    
4 pieces    

Questions

1. How effective was doubling the shield thickness in blocking the radiation intensity?

a. for cardboard?

b. for glass?

c. for lead?

2. When you have a dental X-ray, your body is shielded with a special blanket. What material
would be a good choice for this blanket? Why?

3. Which type of nuclear radiation from a source outside the body is likely to be most dangerous to
living organisms?

4. If you ingested a radioactive source, which source would be the most damaging to a living
organism? Why?

Procedure 3: Effect of Distance on Intensity

Press Enter to return to the main menu.1.
1:Setup2.
5:Event with entry3.
Place a beta source on the ruler 4.0-cm from the detector.4.
2:Start Enter5.
Enter Value: 4.06.
Move source to 4.5 cm.7.
2:Start Enter8.
Enter Value: 4.59.
Repeat for 5.0 cm, 5.5 cm, 6.0 cm, and 6.5 cm, 7.0 cm, and 8.0 cm.10.
Press STO to stop.11.
3: Graph12.
Enter13.
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Questions

1. By what factor did the intensity of radiation (in cpm) change when the initial distance was
doubled?

2. State the mathematical relationship between distance and intensity. You might want to use the
4:Analyze feature to help you with this question.

Adapted by Carol B. Brown, Saint Mary's Hall, San Antonio, TX, from Chemistry in the Community
(4th Ed.), W.H. Freeman.
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It's Beanium!

(Download the MS Word version of this document.)

Nuclear chemists, performing basic research on dirty silverware and plates in local restaurants
have discovered what is believed to be element number 115. The researchers have named this
element beanium, derived from the small vegetables that grow on climbing leguminous plants. It
was this type of food residue that dishwashers could not remove from plates or silverware that led
to the research and ultimately the discovery.

Further research into the new element will be conducted in more suitable surroundings, namely
laboratories in A&M Consolidated High School. Student excitement regarding the discovery is
running at a fever pitch. Many chemistry students have generously volunteered their time to help
with the follow-up experiments involving the new element.

A reliable source was overheard to say that the first experiments will determine how many
isotopes of this element exist. Isotopes are atoms of an element which behave chemically the
same, but have different physical properties. They are known to have the same number of protons,
but a different number of neutrons. One variable property among isotopes is their atomic mass.
After finding out how many isotopes comprise the element, researchers will look for the atomic
mass of each and finally, their weighted average which will become the atomic mass of beanium.

One unique property of beanium should make these experiments particularly easy; beanium atoms
are very large. Therefore, sorting the isotopes of this element should be accomplished with very
little difficulty. A detailed procedure of the experiments which will be performed appear on the
following page. A data sheet format is also provided to aid you in assisting in this research.

Pre-lab Questions

1. What is the basic atomic difference between isotopes of the same element?

2. If there are 100 navy beans, 27 pinto beans, and 173 blackeye peas in a container, what is the
percent composition of the container by type of bean?

3. If your chemistry grade is broken down so that 70% of it is based on exams, 20% on lab
reports, and 10% on homework, and your average scores (out of 100 points in each area) are:
exams 85, labs 75, homework 96. What would your weighted average score be?

Procedure

Get a container that contains beanium atoms. The differences between the isotopes of this
element are very distinct. Each different bean represents an isotope of the element
beanium.

1.

Sort the beanium atoms into groups, each group representing a different isotope. Record
the total number of atoms (beans) in your sample as well as the number of each in your
data table.

2.

Sketch a picture of the isotopes, clearly showing the differences between each.3.
Atomic masses are actually relative atomic masses, that is, the atomic mass of an atom is
found by comparing its mass to a standard mass. In chemistry and physics, that standard is
carbon-12 and is defined as the mass of 12.0000 amu (atomic mass units) or 12.0000 D
(Daltons). In this experiment, however, we will define our own standard; this will be the
mass of one milliliter of water at 4° C, or 1.0000g. Determine the atomic mass of each
isotope in the following manner:

Find the total mass of each isotope, record these masses on the data sheet.
Divide the total mass of each isotope by the number of atoms in that particular
sample to find the mass (on the average) of a single atom of the isotope of interest,
and hence its atomic mass.

4.

Determine the percent abundance of each isotope in the entire sample by dividing the
number of atoms of the isotope by the total number of atoms held in the container. Repeat
for all isotopes; record this information on the data sheet.

5.

Determine the atomic mass for beanium based on the percent abundances of each isotope6.
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and their atomic masses. This is the method of weighted averages used to determine
atomic masses of the elements.

Atomic mass = (% isotope#1 x mass of one atom of isotope #1) + (% isotope #2 x mass of one
atom of isotope #2) + ...

Data Table

Total number of beans in container: ____________
Container # _____________

Isotope Number of beans Mass of sample
navy   
pinto   
blackeye   

Calculate atomic masses of each isotope: (Round to the correct number of sig digs.)

navy

pinto

blackeye

Calculate % abundance of each isotope: (Round to nearest 0.01%)

navy

pinto

blackeye

Results

Isotope Atomic mass Percentage abundance
navy   
pinto   
blackeye   

Calculate the average atomic mass of beanium. Round to the correct number of sig digs!

Average atomic mass of element 115 (beanium): ___________

Diagrams of beanium isotopes:

Navy

Pinto

Blackeye
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Determination of Density and Use of Graphical
Analysis

(Download the MS Word version of this document.)

Objective

To determine the density of a solid (pennies) and use graphical analysis to analyze the results.

Discussion

Density is a physical property of a substance. It is defined as mass per unit volume. Density can
be used to distinguish one substance from another. The units for solids and liquids are g/cm3 or
g/mL. The units for gases are g/L.

Equipment

triple beam balance
50 mL graduated cylinder
32 pennies
50 mL beaker

Procedure

Mass a clean, dry 50 mL beaker to the nearest 0.01 gram. Record the results on the data
page.

1.

Place 12 pennies into the beaker and remass the beaker and contents. Record. Repeat the
process using 16, 20, 24, 28, and 32 pennies.

2.

Half-fill a 50-mL graduated cylinder with water. Carefully read the volume to the nearest 0.1
mL and record.

3.

Very carefully lower 12 pennies into the cylinder and read and record the new volume.
Repeat the process using 16, 20, 24, 28, and 32 pennies.

4.

Using a computer, load Graphical Analysis.5.
To include labels for the horizontal and vertical axes, double-click on the top cell of either
column and enter the new label and unit in the pop-up menu that appears. Change the
labels and units to be "volume" in "mL" on the x-axis and "Mass" in "grams" on the y-axis.
Click OK to accept the changes.

6.

Input the "x and "y" values from the Data Table for the various trials.7.
Click anywhere on the graph in order to make it the active window. To change the title of
the graph, click the Title of the graph and enter a new title in the pop-up box that appears.
Change the title to be "Density-(Your names)."

8.

Now from the Graph menu, make sure Point Protectors is turned on. Selecting a menu item
"toggles" it on or off. If the item is preceded by a check mark, the item is on. We want Point
Protectors turned on. We also want to make sure Connecting Lines is turned off.

9.

Make sure to move the mouse to each axis label & click. In the dialog box, choose
AutoScale at 0. This insures your graph will go through the origin.

10.

The Regression Line button on the Tool Bar will be used to calculate the best-fit line for the
curve. Before you determine the best-fit line, you must select the region of the graph you
want to include. Starting at the origin, Click & Drag the mouse across the entire graph. Then
Click the Regression Line button (7th one). A best-fit line will be drawn on the graph and a
floating box will display the numeric results. Copy the data from this box into the
corresponding data table.

11.

Print one copy of your graph for each group member. To do this, choose Print from the File
menu. Print the "whole screen."

12.
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Data

Mass of beaker: __________

Mass of beaker plus 12 pennies: __________

Mass of beaker plus 16 pennies: __________

Mass of beaker plus 20 pennies: __________

Mass of beaker plus 24 pennies: __________

Mass of beaker plus 28 pennies: __________

Mass of beaker plus 32 pennies: __________

Volume of water: __________

Volume of water plus 12 pennies: __________

Volume of water plus 16 pennies: __________

Volume of water plus 20 pennies: __________

Volume of water plus 24 pennies: __________

Volume of water plus 28 pennies: __________

Volume of water plus 32 pennies: __________

Number of Pennies Mass Volume Density
    
    
    
    
    
    

Graphical Analysis information

Correlation Coefficient: __________

M = ___________

B = _________________

Calculations

1. Using the equation D = M / V, determine the density for the pennies. Show ONE sample
calculation here.

2. Using all of your calculated densities, determine the average value for density. Show work here.

3. Post-1982 pennies are 97.5% zinc and 2.5% copper. The density of zinc is 7.13 g/mL and the
density of copper is 8.92 g/mL. Calculate the theoretical density of a post-1982 penny. Show
work.

4. Using your theoretical density and your average density, calculate the experimental error. Show
work.

74



*AP, Advanced Placement Program, and Pre-AP are registered trademarks of the College Board, which
does not endorse nor was it involved in the production of this Web site.

**Permission to excerpt AP materials does not constitute review or endorsement by the College Board,
of these materials, or any questions or testing information they may contain.

©2006 Texas Education Agency

For more information, please send an e-mail to: Curriculum@tea.state.tx.us

5. The M value that you determined with the graphical analysis program is the slope of the best-fit
line. Since we graphed mass vs volume, the slope represents our density. Use the M value as your
experimental value and calculate the experimental error again.

6. Did the average density or the slope of the best-fit line give you the lowest percent error?

7. Why should the slope give you better results?

8. Give some sources for your error.
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Determination of Density and the Use of the TI-83

(Download the MS Word version of this document.)

Objective

To determine the density of a solid (pennies) and use the TI-83 to analyze the results.

Discussion

Density is a physical property of a substance. It is defined as mass per unit volume. Density can
be used to distinguish one substance from another. The units for solids and liquids are g/cm3 or
g/mL. The units for gases are g/L.

Equipment

triple beam balance
50 mL graduated cylinder
32 post-1982 pennies
50 mL beaker

Procedure

Mass a clean, dry 50 mL beaker to the nearest 0.01 gram. Record the results on the data
page.

1.

Place 12 pennies into the beaker and remass the beaker and contents. Record. Repeat the
process using 16, 20, 24, 28, and 32 pennies.

2.

Half-fill a 50-mL graduated cylinder with water. Carefully read the volume to the nearest 0.1
mL and record.

3.

Very carefully lower 12 pennies into the cylinder and read and record the new volume.
Repeat the process using 16, 20, 24, 28, and 32 pennies.

4.

Subtract the mass of the beaker from each mass measurement and the volume of water
from each volume measurement. Record these values in the chart.

5.

On a TI-83 or 83+ calculator, press 2nd CATALOG and scroll down to Diagnostics On.
Press ENTER twice.

6.

Press STAT and choose EDIT to view the lists. If there is any data in the lists, clear them
by arrowing up to highlight the list name and press CLEAR and ENTER. Do this until all lists
are empty. Press the Y= button to check to see if there are any active equations. Clear any
equations showing.

7.

Go back to STAT, choose EDIT, and enter the volume values from the Data Table into L1
and the mass values into L2. Make sure that you are entering the values from the table
(after subtracting empty beaker and water!)for the various trials. We put volume into L1
because it is the default x value (independent variable). The mass is the dependant variable
(y value).

8.

You can calculate the density of each sample in one step by using a "batch transformation."
While you are still in STAT EDIT, arrow over and up to highlight L3. You should see L3 =
showing up on the bottom of the screen. Type in L2, L1 and press ENTER. (L1 and L2 are
the 2nd functions of the 1 and 2 keys). You should see density values show up in L3. Copy
them into your data table.

9.

Press 2nd, Y= (which is the STAT PLOT). Make sure all plots are turned off (other than
plot 1). If plot 1 is turned off, turn it on by highlighting Plot 1, pressing ENTER, arrowing to

10.
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highlight the ON selection and pressing ENTER. Plot one should also have the first graph
type selected (scatter plot). If not, select it. The X list should be L1 and the Y list should be
L2. Choose the first mark type.
To view the graph of your data, press ZOOM and select 9:Zoom Stat. Your graph should
look close to being linear.

11.

To determine how linear your data is and also to calculate the slope of your line, you want
to run a linear regression analysis on your data. Press STAT, choose CALC, and then
choose 4: LinReg. It will automatically choose L1, L2 as your x and y values unless you tell
it otherwise. Press Enter. The information is in the form of the equation for a line. The "a"
value is the slope (your density in this case), the "b" value is the y-intercept and the "r" value
is the correlation coefficient. The closer the value of "r" is to 1.0000, the closer your data is
to being a straight line. Record these values.

12.

To view the regression line on top of your graph, press Y=, press VARS, choose 5:
Statistics, Choose EQ, Choose 1:RegEQ. The equation should show up on the Y= screen.
Press ZOOM and choose 9:Zoom Stat. The graph should show up with the regression line.
Observe how closely the line follows the points.

13.

Data

Mass of beaker: __________

Mass of beaker plus 12 pennies: __________

Mass of beaker plus 16 pennies: __________

Mass of beaker plus 20 pennies: __________

Mass of beaker plus 24 pennies: __________

Mass of beaker plus 28 pennies: __________

Mass of beaker plus 32 pennies: __________

Volume of water: __________

Volume of water plus 12 pennies: __________

Volume of water plus 16 pennies: __________

Volume of water plus 20 pennies: __________

Volume of water plus 24 pennies: __________

Volume of water plus 28 pennies: __________

Volume of water plus 32 pennies: __________
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Number of Pennies Volume Mass Density
    
    
    
    
    
    

Correlation Coefficient (r): __________

Slope (a) = ___________

Y-intercept (b) = _________________

Calculations

1. Using the equation D = M / V, determine the density for the pennies. Show ONE sample
calculation here.

2. Using all of your calculated densities, determine the average value for density. Show work here.
You can do this using the lists on your calculator.

3. Post-1982 pennies are 97.5% zinc and 2.5% copper. The density of zinc is 7.13 g/mL and the
density of copper is 8.92 g/mL. Calculate the theoretical density of a post-1982 penny. Show
work.

4. Using your theoretical density (#3) and your average density (#2), calculate the experimental
error. Show work.

5. The "a" value that you determined with the graphical analysis program is the slope of the best-fit
line. Since we graphed mass vs volume, the slope represents our density. Use the "a" value as
your experimental value and calculate the experimental error again.

6. Did the average density or the slope of the best-fit line give you the lowest percent error?

7. Why should the slope give you better results?

8. What do the values of "r" and "b" tell us about our results? What are the "ideal" values for "r"
and "b" in this experiment?

9. Give some sources for your error.

[printer-friendly]
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Determination of the Water of Hydration of
Barium Chloride

(Download the MS Word version of this document.)

Put a ring on a ring stand. Place a clay triangle on the ring and use it to support a crucible and lid.
Heat the crucible and lid in a strong Bunsen burner flame for 2 minutes to clean it. Allow the
crucible to cool for a minimum of 5 minutes.

Mass the crucible and lid. Record. Add between 2.0 and 3.0 grams of barium chloride. Mass
again. Heat strongly for 5 minutes. Allow the crucible to cool. Mass again. Calculate the formula
for barium chloride.

Mass of empty crucible and lid: ________
Mass of crucible with barium chloride (before heating): ________
Mass of barium chloride: ________
Mass of crucible with barium chloride (after heating): ________
Mass of water lost: ________
Formula for hydrated barium chloride: ________
Name of hydrated barium chloride: ________

Show work below:

Questions

How would each of the following affect the calculated number of water molecules per barium
chloride unit? In each case, explain your answer.

A. You spilled some of the barium chloride on the balance pan as you were transferring it into the
crucible.

B. Your crucible was dirty with a material that would vaporize at high temperatures and you failed
to clean it before adding the barium chloride.

[printer-friendly]
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Electrochemical Fruit/Vegetable Contest

(Download the MS Word version of this document.)

Purpose

The student should discover factors that relate to the largest potential difference when using
different fruits/vegetables and several different electrodes.

Materials

Voltmeters or multimeters (need to read millivolts) (CBL works great!)
Various fruits/vegetables (brought from home by students)
2 leads with alligator clips per lab groups
Various strips of metals (zinc, lead, copper, iron, magnesium, etc.)
Metric ruler

Procedure

Insert two different metals 1.5 inches apart into the chosen fruit/vegetable.1.
Using the leads connect the metals to the voltmeter and measure the voltage.2.
Repeat this same procedure at 2 inches apart.3.
Record results.4.
Explore different fruits/vegetables with different metals. Record each trial into the data
table.

5.

The winner will be the group with the highest voltage when read from the teacher's
voltmeter! Have fun and learn!

6.

Lab Report Form

PURPOSE

(Stated in your own words)
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DATA TABLE

Electrodes Used Fruit/Vegetable Voltage (1.5") mv Voltage (2 ") mv

    
    
    

QUESTIONS

Based on the experiment performed and your knowledge of electrochemistry, answer the following
questions.

1. Which of the electrode materials was the anode and which was the cathode during the
experiment? Explain your reasoning for each of the trials performed.

2. Suppose that you had not seen or performed the experiment. How could you predict which
material would be the anode and which would be the cathode?

3. What variables should be considered for producing the highest voltage?

4. Does the potential difference depend on the kind of fruit/electrode used? Explain.

5. Does the potential difference depend on the amount of separation of the electrodes? Give
reasons for your answer.

6. What electrodes appeared to have the highest potential difference? Why?

7. Compare your results with others. How do they compare? Was the highest potential difference
with the same fruit? With the same electrodes? Explain.

[printer-friendly]
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Understanding Half-Life
(Pre-AP* Nuclear Chemistry Lab)

(Download the MS Word version of this document.)

Amount remaining = (initial amount)(1/2)n, where n = # of half-lives

Procedure

Carefully empty the contents of your tube of "candium" out onto a clean sheet of paper and
count the number of pieces. Place that number in Trial number 0.

1.

Perform the following steps:
Place the candium atoms back in the tube.a.
Shake.b.
Pour on the paper.c.
Remove the atoms without an M showing. (You can "dispose" of them later.)d.
Count the remaining atoms.e.
Place that number in Trial Number 1.f.

2.

Repeat step 2 (increasing the trial number by 1) until there is only one atom left.3.
Calculate the logarithm of the number of atoms left in each trial and enter the values in the
data table. You may want to enter your data in the lists of your calculator and do a batch
transformation of the data to find the log values.

4.

Calculate the percentage of original candium atoms remaining after each trial. This may also
be done by batch transformation.

5.

You will make two graphs. The first one should be a graph of Trial # vs. # of atoms left. The
second graph should show the Trial # vs. the log of the # of atoms left. You may want to
graph these on your calculator first. Choose your scale carefully for your graphs. Label and
title your graphs appropriately.

6.
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Trial number 0 1 2 3 4 5 6 7 8 9 10
Number of atoms left            
Logarithm of number of atoms left            
Percentage of original atoms left 100%           

83



Questions

Be sure to show your work!

Helpful equation: Amount remaining = (initial amount)(1/2)n, where n = # of half-lives

1. Is half-life a linear or a logarithmic relationship? (Hint: Which graph gave you a straight line?)

2. If you allowed 3 minutes between each trial, how long was the half-life of candium?

3. The half-life of sulfur-38 is 2.87 hours.

(a) After 8.61 hours, what percent of the original radiation is left?
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(b) If 3.125% of the original radiation is being emitted, how many half-lives have passed?

4. Strontium-90 has a half-life of 28.8 years. How long will it take for a 5-count sample to decay to
0.3125 counts?

5. Germanium-66 has a half-life of 2.5 hours. After 10 hours, it only 25 counts of an original
sample are emitted, what was the radiation of the original sample?

6. The half-life of carbon-14 is 5730 years. If a sample of wood containing 60 counts of carbon-14
when alive now only emits 3.75 counts, how old is the sample?

7. If you had started with a mole of candium atoms, how many would remain after 10 half-lives?

8. Iron-59 is used in medicine to diagnose blood circulation disorders. The half-life of iron-59 is
44.5 days. How much of a 2.000 mg sample will remain after 133.5 days?

9. EXTRA CREDIT CHALLENGE: After 2.00 years, 1.986 g of a radioisotope remains from a
sample that has an original mass of 2.000g.

(a) Calculate the half-life of the radioisotope.

(b) How much of the radioisotope remains after 10.00 years?
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Heat of Combustion

(Download the MS Word version of this document.)

Introduction

The quantity of heat released when a given amount of a substance burns is called the heat of
combustion. The amount of heat released when one mole of that substance is burned is called the
molar heat of combustion. These measurements are usually taken at thermodynamic standard
conditions (298 K and 1 atm), and it is symbolized by ΔH°comb. In this lab you will investigate the
molar heat of combustion of paraffin, C25H52. The basic formula in use is q = mcΔT. Be sure you
understand this concept.

Pre-Lab Calculations and Problems

1. How much heat will it take to raise 750 g of water from 25° C to 75° C? The specific
heat of water is 4.18 J/g° C.

1.

2. Sally Student combines 50.0 g of water at 20° C with 100. g of water at 70° C. What is
the final temperature of the mixture?

2.

3. Given the following equation:3.
C3H8 + 5 O2 à 3 CO2 + 4 H2O ΔH = -2200kJ4.
How many kilojoules of heat are released when 3.64 g of propane, C3H8, are burned?5.
4. If the heat from problem 3 were absorbed by 250 g of water at 18° C, what would be the
final temperature of the water?

6.

5. What is the molar mass of paraffin, C25H52?7.

Procedure

An aluminum can has been provided. Mass the can and record. Put a glass rod through the
pop top and support on a ring and stand as shown in the diagram.

1.

Pour approximately 100 mL of cold water into the can. Be sure than no ice is transferred
into the can with the water.

2.

Mass your candle and record the mass.3.
Set up your CBL and calculator with a temperature probe.

APPS: ChemBio
SET UP PROBES
1 probe, temperature.
Put in channel 1
Use the stored calibration.
MAIN MENU; COLLECT DATA
Time graph
Time between samples: 2
Number of samples: 150
Use the time set up unless you made a mistake.
Ymin = 0
Ymax = 50
Yscl = 1

4.

Start the program. Allow 20 seconds to pass. Light your candle and place it under the can
as close to the can as possible without putting the candle out. Stir the water gently with the
probe until the CBL screen indicates that the sampling is finished.

5.
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Quickly and carefully blow out the candle, being very careful not to splash paraffin. Mass
the candle again and record. Calculate the mass of candle burned.

6.

Download the data to Graphical Analysis, title your graph and axes, and run a hard copy for
each person in the lab group.

7.

On your calculator, use the DRAW function to insert a horizontal line. This line will help you
determine the change in temperature more accurately. Record the change in temperature in
your data table.

8.

Data Table

Mass of aluminum can: __________
Mass of aluminum can and water: __________
Mass of water: __________
Mass of candle and glass plate before burning.: __________
Mass of candle and glass plate after burning.: __________
Initial temperature of water: __________
Final temperature of water: __________
ΔT of water: __________
Heat gained by water: __________
Heat lost from candle: __________
Heat of combustion of the candle (kJ/g): __________
Molar heat of combustion of paraffin (kJ/mol): __________
Theoretical molar heat of paraffin: __________
14,800 kJ/mol: __________
Percent Error*: __________

* Equation for percent error: 

Calculations

1. The data table clearly leads you through most of the calculations. Refer back to your pre-lab
problems.

2. The heat gained by the water theoretically is the same as the heat lost from the candle.

3. Pay attention to the units needed for the last two calculations.

Questions, Error analysis, and Conclusion

1. How does your experimental heat of combustion of paraffin (kJ/g) compare with the heat of
combustion of propane (kJ/g)? (See pre-lab questions.)

2. How does your theoretical heat of combustion of paraffin (kJ/g) compare with the heat of
combustion of propane (kJ/g)? (See pre-lab questions.)

3. How does the theoretical molar heat of combustion of paraffin (kJ/mol) compare with the molar
heat of combustion of propane (kJ/mol)?

4. As a consumer of energy, which is the more useful quantity to you, heat of combustion (kJ/g) or
molar heat of combustion (kJ/mol)? Explain your answer.

5. This lab has several sources of error. List as many as possible. Suggest possible corrections
for these errors.

6. Write a balanced equation for the burning of paraffin.
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Freezing Point Depression Lab

(Download the MS Word version of this document.)

Purpose

To determine how the addition of a solute alters the freezing point of a solvent and to use this
principle in the production of a frozen dairy product.

Introduction

The freezing point is the temperature at which the solid and liquid phases of a substance can exist
together without any net change in the amount of substance in either phase. Equilibrium exists
between the solid and liquid phases of a substance at its freezing (melting) point. The freezing
point of a substance is the only temperature at which the solid and liquid phases of a substance
have the same vapor pressure. Vapor pressure of a solution is lower than the vapor pressure of
the pure solvent. The freezing point depression is the lowering of the freezing point that occurs
when substances are dissolved in the liquid. While it is common to speak of "the freezing point of
the solution," it is the solvent in the solution that is actually freezing. The solute particles remain in
the liquid phase of the solvent.

The amount the freezing point is lowered by solutes that are nonelectrolytes depends upon the
same two factors that affect vapor pressure lowering. (1) One factor is the molal concentration of
the solution. (2) The other factor is the nature of the solvent. For solutes that are nonelectrolytes,
one solute will lower the freezing point of a solution the same amount as another, provided the
solutions are made from the same solvent and their molal concentrations are the same. The
freezing point of different solvents is lowered by different amounts. The amount that the freezing
point is lowered is characteristic of the solvent. For example, 1-molal water solutions of all
nonelectrolytes freeze at 1.86°C below the freezing point of pure water. That is, they all freeze at
-1.86°C rather than at 0°C. These solutes forming 1-molal solutions with a different solvent will
lower the freezing point by a different amount.

1.86 is called the molal freezing point constant for water. The molal freezing point constant of a
solvent is numerically equal to the number of degrees the freezing point of the solvent is depressed
by a nonelectrolyte solute.

In the processing of ice cream, stirring is often utilized to help maintain even temperatures and fast
crystallization. Rapid crystallization tends to develop small ice crystals. The fat incorporated into
ice cream is very important to its texture. Ice cream products with high fat content will be creamier
and smoother. The fat interferes with the development of large crystals. It also lends a certain
"mouth feel" to the product. Dairy products such as ice milk, which have low fat contents, tend to
be coarser textured.

Procedure

Bring your own ice cream recipe and ingredients. Mix ice cream well. All ingredients should
be chilled. Do not add "chunky" ingredients (chocolate chips, fruit, etc.) until freezing is
almost complete.

1.

Pour a small amount of unfrozen mixture into a small beaker and record its temperature.
Pour your mixture into the can of the freezer. Assemble. Add ice and salt in layers.

2.

Plug in or churn freezer until the motor sounds "labored" or until ice cream is of the proper
consistency. You may need to drain H2O and add ice/salt periodically. Take a final
temperature of the ice cream mixture when you are finished.

3.

You may work in groups of 2-4 students.4.
You must bring everything that you need to prepare and eat your ice cream.5.
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You are graded on your organization, cleanup, quality and flavor of your ice cream.6.
Please bring ice cream recipes the day before we perform the experiment. Try to find
recipes that do not require cooking.

7.

Materials needed

Please be sure to label everything!

ice chest (to hold ice and ingredients)
ice (2 bags)
mixing and serving spoon
plastic cups or bowls to serve ice cream
plastic spoons to eat with
all ingredients
rock salt (1/2 of a small box)
ice cream maker (make sure that it is clean and works)

If you are adding "chunky" ingredients, do not add them until the ice cream has started to thicken.
Otherwise, they will freeze to the bottom and the ice cream maker will stop turning too early.

"Whipping cream" or heavy cream is not Cool Whip or the spray stuff in a can. It comes in a carton
in the dairy section of the store.

Get the telephone numbers of group members and call each other the night before or morning of
the lab to remind everyone to bring their stuff. When you are deciding who will bring what, think
about cost. Cream can be expensive.

Name: __________________

Period: _______

Freezing Point Depression Lab

Data Sheet

Evaluation: (rate on a scale of 1-5, with 5 being perfect)
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Your evaluation Teacher's evaluation
Taste
(5 = yummy, 1 = yucky)   

Texture
(5 = smooth, 1 = coarse)   

Constituency
(5 = thick, 1 = runny)   

Organization
(5 = organized, 1 = chaos)   

Clean-up
(5 = spotless, 1 = disaster)   

Initial temperature of mixture: ____________

Final temperature of ice cream: ____________

Temperatures of ice salt mixture:

0 minutes: __________
5 minutes: __________
10 minutes: __________
15 minutes: __________
20 minutes: __________
25 minutes: __________
30 minutes: __________
35 minutes: __________
40 minutes: __________
45 minutes: __________

Questions

Why did you add salt to the ice when making ice cream?

Which would lower the freezing point more, 100 moles of sugar or 100 moles of NaCl? Why?

Why must the ice cream be cooled below 0° C before it freezes?

How does stirring of the ice cream while freezing affect its texture?

What effect does fat from cream or other substances have on the texture of ice cream? Why?
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Intermolecular Forces—A CBL/Microtime
Analysis

(Download the MS Word version of this document.)

Procedure

Set up three temperature probes with a small piece of filter paper secured with a band
made from rubber tubing. Put them in channels 1, 2, and 3 of a CBL*, CBL2, or Lab Pro.

1.

Turn on CBL and TI-83+ calculator. Go to APPS, CHEMBIO, and follow the instructions on
the screen for setting up 3 temperature probes. Use the stored calibrations in each case.

2.

Collect data. Use a time graph. Time between samples = 2 seconds. 40 samples. Ymin=10,
Ymax=30, Yscl=1.

3.

You have three vials labeled 1, 2, and 3. Place probe from each channel in the appropriate
bottle. The bottles contain n-hexane (C6H14), acetone (CH3COCH3), and 2-propanol
(CH3CHOHCH3), but not in that order.

4.

Simultaneously remove the probes from all three bottles and begin to collect data. The
graph will display in real time.

5.

Analysis

While the three substances have approximately the same molecular weight, they obviously do not
have the same intermolecular forces. Draw structural formulas for all three compounds below.

Quit the program. Open STAT EDIT. Time is in L1, while the temperatures for the three probes
are in the next three lists in order. Go to STAT PLOT and turn on PLOTS 1, 2, and 3. Let plot 1 be
L1, L2 with a square point protector. Let plot 2 be L1, L3 with a cross point protector, and let plot 3
be L1, L4 with a dot marker. Go to ZOOM9 to display. Now you can tell which channel made each
graph.

Identify the three substances, and explain with both words and diagrams the differences in the
evaporation rates of each.

* For the CBL, use the brass temp probes. For CBL2 or Lab Pros, use the stainless steel temp
probes.

Teachers' notes: Since all of the molecules have approximately the same dispersive forces, the
major difference will lie in dipole-dipole attractions or with hydrogen bonding. Students should show
with diagrams the H-bonding with the 2-propanol. Another version of this same lab uses methanol,
ethanol, and 2-propanol. All of these substances will hydrogen bond, but they will have difference
dispersive (London) forces. Be certain that students understand the London forces are due to
polarizable electron clouds, and not due to mass of the molecule.

Structures of molecules shown below:
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VSEPR

(Download the MS Word version of this document.)

All of the following are covalent molecules or ions. Draw Lewis dot structures and use VSEPR to
predict the shape of each. Use the gumdrops and toothpicks provided to build each chemical
species. Be sure that you use one toothpick for each pair of electrons on the central atom. Under
each one write the hybridization of the orbitals.

CO2

Shape ____________
Hybridization ____________

1.

BF4
-

Shape ____________
Hybridization ____________

2.

H2CO
Shape ____________
Hybridization ____________

3.

PCl5
Shape ____________
Hybridization ____________

4.

SiH4

Shape ____________
Hybridization ____________

5.

SeF6

Shape ____________
Hybridization ____________

6.

IF4
-

Shape ____________
Hybridization ____________

7.

F2CO
Shape ____________
Hybridization ____________

8.

XeF4

Shape ____________
Hybridization ____________

9.

NO2
-

Shape ____________
Hybridization ____________

10.

O3

Shape ____________
Hybridization ____________

11.

ClO3
-

Shape ____________
Hybridization ____________

12.

I3-

Shape ____________
Hybridization ____________

13.
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IOF5 (I is the central atom)
Shape ____________
Hybridization ____________

14.

NH2
-

Shape ____________
Hybridization ____________

15.

VSEPR (Valence Shell Electron Pair Repulsion)

Regions of electron
density

Representative
formula

Example Shape Hybridization

2 MX2 CO2 Linear (180°) sp

3 MX3 BF3 Trigonal planar (120°) sp2

3 MX2E SO2 Bent (118°) sp2

4 MX4 CH4 Tetrahedral (109.5°) cp3

4 MX3E NH3
Trigonal pyramidal
(107°) sp3

4 MX2E2 H2O Bent (105°) sp3

5 MX5 PF5
Trigonal bipyramidal
(TBP) sp3d

5 MX4E SF4 See Saw sp3d

5 MX3E2 ICI3 T-shaped sp3d

5 MX2E3 I3- Linear sp3d

6 MX6 SCI6 Octahedral sp3d2

6 MX5E XeF5
+ Square pyramidal sp3d2

6 MX4E2 ICI4- Square planar sp3d2

Instructors note

Each pair of students needs to be provided with 12 gumdrops (2 of one color and 10 of another), a
handful of toothpicks, and a paper napkin or towel to work on.

Answers

1. linear, sp

2. tetrahedral, sp3

3. trigonal planar, sp2

4. trigonal bipyramidal, sp3d

5. tetrahedral, sp3

6. octahedral, sp3d2

7. see saw, sp3d
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8. trigonal planar, sp2

9. square planar, sp3d2

10. bent, sp2

11. bent, sp2

12. trigonal pyramidal, sp3

13. linear, sp3d

14. octahedral, sp3d2

15. bent, sp3

Extension: In structure 14, iodine was the central atom. Could oxygen be the central atom?
Explain your answer.

[printer-friendly]
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Physics

Suggested Activities

Each activity linked below is in an HTML web format. Linked to the HTML version of each activity,
you will find the original MS Word document. You can download the MS Word document to your
computer.

Acceleration and Motion Detector Lab
Convex Lens Lab
Energy Loss on a Curved Ramp
Estimating Powers of Ten
Free Falling Washers
Introduction to Circuits
Magnetic Effect of Current
Lab: Newton's Second Law
The Period of a Pendulum
Measuring the Wavelength of Light
Projectile Motion Lab and Quiz
Reflection From a Plane Mirror
Refraction Through a Glass Plate
Rollercoaster Rules
Running the Stairs
Series and Parallel Circuits
Finding the Speed of Sound Using a Resonance Pipe
Waves in a Ripple Tank
Waves in a Spring Lab
Uniform Circular Motion Lab
Vector Hunt!

[printer-friendly]
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Acceleration and Motion Detector Lab

(Download the MS Word version of this document.)

Procedure

Day 1

Connect the computer, ULI, and motion detector. Start the Logger Pro program, choose the
Motion Detector folder, and the Motion Detector lab.

1.

Using the View menu, and Graph Layout, choose two panes. You should see a d vs t
graph.

2.

Accelerate smoothly as you walk away from the motion detector. Sketch the resulting d vs t
and v vs t graphs below.

3.

Repeat step 3, this time walking toward the detector as you accelerate smoothly. Sketch
the resulting d vs t and v vs t graphs below.

4.

Day 2

Log in to the network, choose Science, Logger Pro, and follow the steps you followed
yesterday to open "Ramp and Motion Detector" on the Template drive.

1.

Produce the motion that corresponds to the following graphs using the ramp and cart, the2.
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motion detector, ULI, and the computer.
Sketch the orientation of the ramp, cart, and motion detector that you chose to use to
produce each pair of graphs.

3.

Sketch the v vs t graph for each case (or the d vs t graph, if applicable).4.
In each case, indicate whether the slope of each graph is

increasing, decreasing, or constanta.
positive or negativeb.
distance, velocity, or accelerationc.

5.

Ramp Sketch d vs. t graph The slope is . . . v vs. t graph The slope is . . .

(a)

(b)

(c)

(a)

(b)

(c)

  

(a)

(b)

(c)

(a)

(b)

(c)

 

(a)

(b)

(c)

(a)

(b)

(c)

 

(a)

(b)

(c)

(a)

(b)

(c)
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(a)

(b)

(c)

(a)

(b)

(c)

 

(a)

(b)

(c)

(a)

(b)

(c)
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Convex Lens Lab

(Download the MS Word version of this document.)

Purpose

To study the images formed by candlelight passing through a convex lens when the candle (object)
is placed at 5 different distances from the lens.

Terms

convex lens1.
focal length2.
object distance (do)3.
image distance (di)4.
real image5.
virtual image6.

Procedure

Find the focal length of your lens by letting light coming from the hallway (far away) pass
over your shoulder, through the lens, and onto a screen. Focus the image on the screen and
measure the focal length of your lens.

1.

Place the candle at each of the object distances below, and move the screen until you get a
clear image of the candle on the screen.

2.

Record the object distance in cm, the image distance, and whether the image is upright or
inverted, real or virtual, and larger or smaller than the object itself.

3.

If you cannot focus a clear image on the screen, the image is either virtual or there is no
image formed at all. If the image is virtual, you may look back through the lens at the candle
and see a clear enlarged image of the candle.

Focal length of your lens: f = __________________ cm

Place
candle at

Object
distance (do)

Image
distance (di)

real or
virtual?

upright or
inverted?

smaller, larger,
same size?

do > 2f      

do = 2f      

2f > do > f      

do = f      

do < f      

4.

Using a ruler and graph paper, draw the ray diagrams to scale for each of the cases above,
as demonstrated in class. Be sure to label the object, image, and all distances.

5.
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Energy Loss on a Curved Ramp

(Download the MS Word version of this document.)

1. Today you will drop a small ball from the top of a curved ramp allow it to roll off the end of the
ramp with a horizontal velocity vx.

2. Mark the point at which it lands on the floor, and find the horizontal velocity at which it left the
ramp. Try at least 3 trials, and take an average of the horizontal distance from the end of the ramp
to the point at which the ball hits the floor. Here are some equations to help you remember
projectile motion:

Horizontal:

Vertical:

3. Once you've found the horizontal velocity at the end of the ramp, drop the ball again, but this
time from half the height to the top of the ramp. Find the horizontal velocity at the end of the ramp
as a result of dropping the ball from this new height.
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Generic Data Table

     
     
     
     
     
     

Lab Questions

1. In each case, find the potential energy of the ball at the height from which it was dropped, and
the kinetic energy of the ball at the end of the ramp.

2. Assuming that your ramp is a quarter of a circle,

(a) What is the radius of the circle in centimeters?

(b) What is the length of the ramp in centimeters?

3. (a) How many Joules of energy was lost on your ramp?____________________
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(b) Knowing the length of the ramp, how many Joules per centimeter (J/cm) of energy was lost
on the ramp?

4. (a) What is the energy of the marble at the end of the ramp? ___________________

(b) If the ramp were extended at the bottom by adding a long flat track, how long (L) in cm
would the flat track have to be before the marble lost all of its energy and came to rest?

5. Knowing the velocity of the marble as it comes off the end of the ramp, and the length of the
added flat track, what is the average acceleration (deceleration) of the marble as it comes to rest
on the flat track?
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Estimating Powers of Ten

(Download the MS Word version of this document.)

Directions

Estimate the answer to each of the following to the nearest power of ten, and write your answer in
the space provided. You may not use a calculator.

Group Members:

How tall is this room from floor to ceiling in millimeters? 10______1.
How many people have ever lived? 10______2.
How old are the pyramids of Egypt in nanoseconds? 10______3.
How many stars are in our galaxy? 10______4.
How many microseconds does it take for light to travel from the sun to Pluto? 10______5.
How many wavelengths of a middle - C note (sound wave) can fit between Los Angeles and
New York? 10______

6.

How many bytes of memory are there in all of the computers combined here at PSHS?
10______

7.

How far in meters is it from the earth to the sun? 10______8.
How many dollar bills would it take to cover the U.S. (one layer of bills)? 10______9.
How many drops of water would it take to fill this room if it were empty? 10______10.

Sum of all the exponents: ______________

[printer-friendly]

106



*AP, Advanced Placement Program, and Pre-AP are registered trademarks of the College Board, which
does not endorse nor was it involved in the production of this Web site.

Free Falling Washers

(Download the MS Word version of this document.)

Purpose

Given 6 washers and 150 cm of string, tie the washers onto the string in such a way that when you
hold the string and drop it vertically, the washers strike the ground at equal time intervals. For this
activity, calculate the distances between the washers so that they strike the ground every 0.1
seconds.

Equations

d = vit + ½gt2

v = vi + gt
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Introduction to Circuits

(Download the MS Word version of this document.)

Materials

Four "D" batteries
Wires
Two light bulbs (Holiday lights can be used)
Voltmeter

Procedure

1. Measure and record the voltage across each battery. Your batteries are arranged in a tube. To
measure the voltage across each battery, attach the voltmeter to the metal clips on each end of
the individual battery. (Don't forget units.)

(1) __________ (2) ____________ (3) ___________ (4) ___________

Draw a sketch of how you connected the voltmeter to the battery. The schematic diagrams will be
completed later in the lab.

sketch schematic diagram

109



2. (a) Using one battery, one light bulb, and some wires, light the bulb. Draw a sketch.

sketch schematic diagram

(b) Light the bulb with two, three, and four batteries. What happens to the brightness of the bulb
as you add batteries? Why?

3. (a) Using four batteries, two light bulbs, and wires connect a circuit in such a way that both
bulbs are lit but when one bulb is disconnected (and it goes out), the other bulb also goes out.

(b) Use the voltmeter to measure the voltage across each bulb individually when both are lit, and
record the voltage across each.

(1) _______________________ (2) ____________________________

(c) Draw a sketch of your circuit, including the voltmeter.

sketch schematic diagram

(d) If this circuit only had one bulb, would its brightness be brighter or dimmer than the brightness
of either of the two bulbs connected in this circuit? Why?

4. (a) Using two batteries, two light bulbs, wires, connect a circuit in such a way that when you
disconnect one bulb (and it goes out), the other bulb does not go out.

(b) Use the voltmeter to measure the voltage across each bulb individually when both are lit.

(1) _______________________ (2) ____________________________

(c) Draw a sketch of your circuit, including the voltmeter.

sketch schematic diagram

(d) If this circuit only had one bulb, would its brightness be brighter, dimmer, or the same
brightness as either of the two bulbs when both are connected in this circuit? Why?
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Circuit Symbols

Circuit Element Schematic Symbol
wire

 

current flowing through a
wire

 

switch

 

one battery

 

two batteries

 

light bulb

 

resistor

 

voltmeter

 

ammeter

 

6. For each circuit sketch above, go back and draw the schematic diagram next to each physical
diagram using the symbol for each element in the circuit. Use a ruler to draw straight lines.
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Magnetic Effect of Current

(Download the MS Word version of this document.)

Purpose

How does the magnetic field due to a current-carrying loop of wire change when we change:

(a)

(b)

(c)

Procedure

Place your compass on the center of the platform of the galvanometer and line up your
galvanometer so that the loops of wire lie North-South.

1.

Connect the power supply, ammeter, 5 W resistor, and loop of wire as shown above.2.
Increase the current in 0.1 A increments from 0 to 1.0 A, then 1.5 A and 2.0 A (as shown in
the table below) and record the compass deflection (angle) from North (North = 0°), filling in
the data table I as shown. CAUTION: The resistor can get hot if you leave the current
on for too long.

3.

Reverse the current and repeat, filling in data table II.4.
With all the coils wrapped around the galvanometer, produce a current of 1.0 A. Remove
one coil at a time, and record the compass reading in each case in data table III.

5.

Data Tables

I   II    III

Amps Angle  Amps Angle  
Number
of
Coils

Angle

0   0   0  
0.1   0.1   1  
0.2   0.2   2  
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0.3   0.3   3  
0.4   0.4   4  
0.5   0.5   5  
0.6   0.6   6  
0.7   0.7   7  
0.8   0.8   8  
0.9   0.9   9  
1   1   10  
1.5   1.5     
2   2     

Questions

1. State the general relationship between the current through the coils and the deflection of the
compass needle.

2. Is the compass needle really responding to the current in the loop, or something else? Explain.

3. Describe the two magnetic fields the compass is responding to, and draw a diagram with a
vector representing each.

4. What happened to the compass needle when you reversed the current? What does this tell you
about what happens to the magnetic field due to the current when you reverse the current? Draw a
new sketch of the magnetic field vectors.

5. State a general relationship between the number of coils of wire and the compass deflection.
What does this tell you about the magnetic field produced by several current-carrying wires
compared to one current-carrying wire?
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Newton's Second Law

(Download the MS Word version of this document.)

Purpose

To study the relationship between ________________, __________________ , and
_________________________.

Apparatus

dynamics cart
weight hanger
string
masses
smart pulley
track
ULI and computer

Introduction

Set up the apparatus as shown below.1.

As masses are added to the weight hanger, the cart will accelerate, rotate the smart pulley,
and the result will be recorded on the computer as a v vs. t graph.

2.

As you perform the lab, you may change the maximum values on the axes on any graph to
fit your particular needs.

3.

Logging On

Have one student in the group log on to the network to give you access to the T-drive
(template).

1.

Once you are logged on, double-click on the Logger Pro icon, then follow the following
steps:

File-Open
Experiment arrow down [ ]
Template
All Physics
Physics I
Forces
Pulley
F=ma

2.

You should see a v vs t graph. Remember, you can change the values on the axes to fit3.
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your data collection needs. Follow the directions in the text window.

PART I

The hanging weight is an indication of the net force Fnet which will accelerate the cart. Increasing
the hanging mass increases the net force on the cart. What effect will increasing hanging weight
have on the acceleration of the cart?

Place the empty weight hanger over the pulley, so that when you let it go, it falls and pulls
the cart along the track.

1.

When the cart is ready to be released, press ENTER to allow the pulley to start collecting
data. To stop taking data, press ENTER again BEFORE the hanging weight hits the floor
and the cart reaches the end of the track. One of the group members should catch the
weight hanger before it hits the ground, And the cart should be stopped before it reaches
the end of the track.

2.

Highlight the area of the graph which appears to be the best constant acceleration data by
clicking and dragging on the best part of the graph, and going to Analyze, Linear Fit. What
does the slope of the graph represent? Record the best value for the slope of your graph.

3.

Take the slotted mass off of the cart and place it on the hanger, so that you are changing
the net force acting on the system without changing the total mass of the system.

4.

Repeat steps 3 and 4 , recording your best estimate of the acceleration in each case.5.

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

PART II

In this part of the lab, you will allow an empty weight hanger (50 g) to accelerate the cart three
times, with the cart being heavier each time, but the hanging mass (indicating the net force) staying
the same.

Place the empty weight hanger on the string and allow it to accelerate the cart carrying only
one slotted mass. Record your best estimate of the acceleration of the cart as you did in
Part I, steps 3 and 4.

1.

Repeat the previous step, adding a heavier mass to the cart, and recording your best
estimate of the acceleration.

2.

Discuss and answer the following lab questions with your lab group.3.
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Questions

1. State the specific purpose of Part I.

2. State Newton's second law in words, and give the equation.

3. In Part I, you worked with two masses: the hanging mass and the cart mass. In this experiment,
which mass does the m in Newton's second law refer to? Explain.

4. Which of the quantities in Newton's second law were you changing in Part I? Explain.

5. Which of the quantities remained constant throughout Part I?

6. Write a general statement describing the trend of the results you obtained in Part I, and relate
your results to Newton's second law.

7. In Part II, what quantity were you changing and what quantity were you keeping constant?

8. Write a general statement describing the trend of the results you obtained in Part II, and relate
your results to Newton's second law.

9. If the cart starts from rest at a distance of 0.8 m from the pulley and accelerates toward the
pulley, using your data from the first trial of Part II, calculate

(a) the time it takes for the cart to reach the pulley.

(b) the velocity of the cart just before it reaches the pulley.

(c) the tension in the string.

(d) Is the tension in the string the net force which is accelerating the mass of the entire system
(hanging mass + cart)? Explain.
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The Period of a Pendulum

(Download the MS Word version of this document.)

Purpose

To study how the period of a pendulum depends on:

the mass of the pendulum bob;a.
the amplitude (angle) of swing;b.
the length of the pendulum from the point at which it is tied to the center of the pendulum
bob.

c.

Define

pendulum1.
period of a pendulum2.
amplitude of a pendulum3.
Label the parts of a pendulum:

A _____________________________
B _____________________________
C _____________________________
D_____________________________

4.

Materials

3 rubber stoppers of the same mass
stopwatch
string
protractor
pendulum clamp
meter stick
ring stand

Procedure

In this lab you will determine the relationship between the period of a pendulum and its mass,
amplitude, and length. Discuss the best procedure for accomplishing this purpose with your lab
partners. Be sure to repeat your trials to minimize error.
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Record and organize your data in the generic data tables on the back of this page. Be sure to title
each column and row with the quantity you are measuring.
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Part II

Attach a softball to the end of your pendulum string, and set the motion detector level with
the bottom of the swing of the pendulum.

1.

Allow the pendulum to swing back and forth, toward and away from the motion detector.2.
Collect data on the displacement vs. time graph on the computer screen.3.
When you get a good graph for a particular length of the pendulum, save it to your H: drive.4.

Questions

1. What does the graph remind you of?

2. Sketch the graph on the axes below. Be sure and label each axis with the appropriate values.

3. From the graph, what is the

(a) period of the pendulum? ______________________________

(b) frequency of the pendulum?____________________________

(c) amplitude of the pendulum? ____________________________

(d) maximum speed of the pendulum? _______________________
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Measuring the Wavelength of Light (Young's Lab)

(Download the MS Word version of this document.)

Purpose

To measure the wavelengths of six colors of light and light produced by a laser.

Part I—Colors

Place a light bulb at the end of a meter stick. Look at the bulb through the diffraction
grating, and note the colored band of light off to your left.

1.

Have a lab partner move the index card over to the left of the bulb until the center of the
card lines up with the center of one of the colored bands of light.

2.

Measure the distance x from the bulb to the index card where the colored band (antinode)
was formed, and record in the table below.

3.

Calculate the wavelength of the color using λ xd / L, and its frequency.4.
Repeat steps 1-4 for five other colors of light.5.
Using the given values for the wavelengths of each color, calculate the percent error for
each wavelength you measured.

6.

Color x
(m)

d
(m)

L
(m) Calculated λ f

(Hz)
Known λ
(x10-7m)

λ
% Error

red  2.5x10-6    6.8  

orange  2.5x10-6    6.3  

yellow  2.5x10-6    5.8  

green  2.5x10-6    5.2  

blue  2.5x10-6    4.8  

violet  2.5x10-6    4.2  

Show one example of each type of calculation below:

Wavelength

Frequency

% Error
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Part II—Measuring the Wavelength of Laser Light

1. Place the double-slit slide in front of the laser, so that an interference pattern is formed on the
wall. Sketch the interference pattern below.

2. Using a ruler, measure the width of the central antinode, from the centers of the nodes on either
side of the bright central antinode. This is the distance x which was measured in Part I of this lab.

3. Record your values for x, d, and L below, and use them to calculate the wavelength of the laser
light.

Calculation

x = _________
d = _________
L = _________

Questions

1. List your colors from lowest frequency to highest frequency.

________1.
________2.
________3.
________4.
________5.
________6.

2. What is the difference between laser light and regular light?

3. Compare the wavelength of the laser to the wavelengths of the colors you measured. What
color (wavelength) does the laser light most resemble?

4. List two reasonable sources of error in this lab.
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Projectile Motion Lab

(Download the MS Word version of this document.)

Set up the apparatus as shown.1.

As the marble is dropped into the top of the tube, it rolls down the ramp and becomes a
projectile, following a parabolic trajectory, striking the floor at a distance dx from the base
of the table, and a distance dy from the top of the table to the floor.

2.

Write a procedure that will allow you to determine the initial velocity vx of the marble as it
exits the bottom of the tube horizontally. Be sure and release the marble at the top of the
tube, and perform several trials to get an average. Keep track of your data, and show all
calculations as part of your data analysis.

3.

Now that you've measured an average value for the horizontal velocity of the marble as it
exits the ramp, change the height of the ramp apparatus.

4.

After measuring the new height, and knowing the horizontal velocity determined in step 3,
calculate the horizontal landing distance dx of the marble projected from this height.

5.

After you've calculated the horizontal distance for this height, mark that distance on the
paper on the floor with an X, and record the height from which the marble was projected
beside that X.

6.

Place a piece of carbon paper carbon side down over the X. Roll the marble to see how
nearly it strikes the floor at your marked distance X. Record the actual horizontal landing
distance.

7.

Repeat steps 4-7 for a different height.8.

Projectile Motion Lab Quiz

1. The end of a ramp is placed at the edge of a table 1.1 m above the floor. A marble rolls off the
ramp horizontally and strikes the floor a horizontal distance of 132 cm from the edge of the table.

(a) How long is the marble in the air before it strikes the floor?

(b) What is the initial horizontal velocity of the marble as it leaves the ramp?

2. The bottom of the ramp is raised to a height of 30 cm above the height of your table, and the
marble has an initial horizontal speed of 90 cm/s as it leaves the edge of the ramp.

(a) How long will the marble remain in the air before it strikes the ground?
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(b) How far horizontally will the marble strike the floor from the edge of the ramp?

(c) Just before the marble strikes the ground, what is the marble's

i. horizontal velocity vx?

ii. vertical velocity vy?

4. Suppose a marble is dropped from rest from the same height and the same time as a marble
which is projected horizontally off the end of the ramp with an initial velocity of 80 cm/s.

Briefly explain which marble, the one dropped or the one projected,

(a) has the greater acceleration, and

(b) which marble will strike the floor first, neglecting air resistance.
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Reflection From a Plane Mirror

(Download the MS Word version of this document.)

Purpose

To measure the angles of incidence and reflection from a plane mirror, and the image distance, di,
and the object distance, do.

Procedure

Put a sheet of notebook paper on the piece of cardboard.1.
Place the mirror upright and with edge parallel to the notebook paper line.2.
Place a pin approximately 5 cm in front of the left side of the mirror.3.
Place a second pin up against the mirror about halfway along the length.4.
Using a third pin, line up pin 2, pin 3 and the image of pin 1 in the mirror.5.
Draw a line segment connecting pin 1 and pin 2. Draw another segment connecting pin 2
and pin 3.

6.

Move pin 2 about 3 cm to the right and repeat step 4.7.
Extend the line segments connecting pin 2 and pin 3 behind the mirror line. Where these two
lines meet is the virtual location of the image pin. Call it 1'.

8.

Draw a perpendicular from pin 1 and pin 1'.9.
Measure the length of both and compare the two distances.10.
Draw the normal to the mirror at both pin 2 positions.11.
Measure and compare angle of incidence, and the angle of reflection.12.

Conclusion

Answer the following questions on a separate sheet of paper.

1. State the Law of Reflection.

2. Is the reflection from your table regular or diffuse?

3. Make a drawing illustrating your answer to 2.

4. Is the reflection from the mirror regular or diffuse?

5. Make a drawing illustrating your answer to 4.

6. If you are using a mirror to look around a corner at someone, can they also see you?
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Explain.

7. State some possible sources of error.
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Refraction Through a Glass Plate

(Download the MS Word version of this document.)

Purpose

The purpose of this lab is to measure the index of refraction of a glass plate, and the speed of light
in the glass.

Apparatus

cardboard
4 pins
straight edge
glass plate
piece of 8 1/2 by 11 paper

Procedure

Secure the card board on the lab table.1.
Lay the 8 1/2 by 11 paper directly on the card board.2.
Hold the glass plate up to the light so that you can look through the smallest
dimension(height) at the light. You will be able to see through it as you look in one direction
but not if you rotate it ninety degrees.

3.

Place the glass plate on the paper in such a way that you can easily see through the plate
as discussed in #3 above.

4.

Trace around the glass plate with your pencil.5.
Place 2 pins in the paper and cardboard on the far side of the glass plate. Place pin A next
to the plate approximately 3/4 inch from the left side. Place pin B about 1 inch further away
from theplate and also approximately 1/4 inch to the left of pin A.

6.

With your eyes level with the flat glass plate, look at the pins through the glass plate. Place
Pin C as close as possible to the near side of glass plate so that pin A, B and C appear to
be in a straight line as you view A and B through the glass plate and C in front of the plate.

7.

Now place pin D also an inch or so from the plate on the same side as Pin C so that ABCD
appear to be a straight line. Remember to view pins A and B through the glass plate as in
step 7.

8.

Be sure that the pin holes are deep enough so that you can easily see them after the pins
are removed.

9.

Put the pins back in the container and remove the glass plate from the paper. Using a
straight edge and pencil, draw line segments AB, BC and CD.

10.

Using a protractor, measure the angle of incidence and angle of refraction the light entering
and exiting the glass.

11.

The index of refraction of the glass gives an indication of the optical density of the glass.
Using Snell's law below, calculate the index of refraction of the glass.

12.

The index of refraction of the glass is also the ratio of the speed of light in air to the speed
of light in the glass. Find the speed of light in the glass.

13.
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Rollercoaster Rules

(Download the MS Word version of this document.)
(Download the MS Excel version of the rollercoaster spreadsheet.)

Adapted from Active Physics (AAPT). It's About Time, Herff Jones Education Division

Your lab group will design a rollercoaster with the following specifications:

I. Materials:

1 ft x 2.5 ft piece of cardboard (provided by the student)
masking tape (provided by the student)
1.1 meters of bendable wire, representing 1000 m of track (The first 0.1 meters can be
used for the first uphill climb.)
Hot glue and gun for attaching the wire to the cardboard
decorations (provided by the student)

II. Your rollercoaster will include:

a rollercoaster car of mass 4500 kg
a starting hill 60 meters high (use a scale of 1 cm = 10 m)
a vertical circular loop
a second hill
a horizontal circular loop
enough speed left at the end to roll back into the starting station

III. The total energy lost throughout the 1000 meters of track is 2/3 of the original energy.
Calculate the energy lost per meter of track so that you will know how much energy the car is
losing for each scaled meter of track as you design the rollercoaster.

IV. In the data table on the back, show your calculations for height, potential energy, kinetic
energy, and velocity at the points on your rollercoaster shown below:

V. After you find the velocity at point F, calculate the centripetal force acting on the car
immediately after it enters the horizontal loop.

VI. After you find the velocity at point G, use kinematics to show that the car can stop by the time
it covers the distance between points G and H with an acceleration which is no larger than -10
m/s2.

130



Rollercoaster Example Problems

1. There is 100 meters of track between points A and B. A roller coaster of mass 4500 kg starts
from rest at point A. One third of the total energy is lost by the time the car reaches point B. If the
speed of the car is to be 20 m/s,

(a) what is the total energy lost?

(b) what is the total energy lost per meter of track?

(c) what must be the height at point B?

2. What if we wanted to include a vertical loop in our roller coaster?

We would have to review what we know about circular motion.

Are you lighter at the top of the loop or the bottom? ____________

Draw forces at the top and bottom of the RC loop:

3. Horizontal loop:

(a) How much force does a horizontal circular track exert on a 4500 kg rollercoaster car moving at
an average speed of 14 m/s, if the radius of the loop is 40 m?

(b) What is the centripetal acceleration of the car?

(c) How many "g's" is this acceleration?
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Another Rollercoaster Example Problem

GIVEN: The mass of the cart is 4000 kg, the length of the track is 800 m, and 3/4 of the total
energy is lost to heat and friction over the entire track.

1. What is the total energy of the rollercoaster? What is the potential energy at point A?

(These two questions are the same)

2. What is the energy lost per meter of track?

3. If there is 80 m of track from point A to point B, what is the kinetic energy at point B?

4. What is the kinetic energy at point C?

5. What is the speed of the car at point C?

6. What is the centripetal acceleration at point C? How many g's is this?

7. What is the kinetic energy at point D at the bottom of the loop?

8. What is the potential energy at point E?

9. If the distance between points D and E is 60 m, what is the kinetic energy at point E?

10. If the kinetic energy at point F is 600,000 J, what is the kinetic energy at point G as the car
exits the loop?

11. Using the kinetic energy you calculated for point G,

(a) what is the velocity at point G?

(b) what would the distance between points G and H have to be for the coaster to decelerate at -
5 m/s2 to stop at point H?

Getting Started on Your Rollercoaster Model

1. Obtain a 1.1 meter wire from your teacher. Using a permanent marker, make a mark every 2
cm on the wire. You may also want to make a tape measure out of masking tape.

2. Bend the wire in the shape of the rollercoaster to include a 60-m (6cm) lift hill, a vertical loop, a
second hill, a horizontal loop, and a stopping distance. Be sure the height of the lift hill is 6 cm, and
the other elements are shorter than that. At this point you are just estimating the sizes of the
vertical loop and the second hill.
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3. Draw a straight horizontal line on your bookcover, and tape your wire flat to the bookcover, with
the bottom of the wire on the horizontal line. Begin measuring all heights (from the horizontal line)
and lengths along the track from point A to points B through H.

4. Begin filling in your table with the values you measure at each point. Remember the mass of
your rollercoaster car is 4500 kg, and the height of the first hill is 60 meters. The total energy lost
is 2/3 of the total energy (potential energy at A), so you can find the energy lost per meter of
track.

5. When you finish filling in all of your table, you are ready to put your numbers into the
spreadsheet.

Microsoft Applications1.
MS Excel 20002.
File - Open3.
Template Drive4.
All Physics5.
Physics I6.
Phy I Rollercoaster Calculations.xls7.
Click on each tab at the bottom to enter data for each part of the rollercoaster.8.

Equations

PE1 KE1 EL(1-2) PE2 KE2

Point /
Interval

Potential
Energy
(J)

Kinetic
Energy
(J)

Distance
between
points (m)

Energy
Lost (J)

Height at
end of
interval
(m)

Potential
Energy
Remaining
(J)

Kinetic
Energy
Remaining
(J)

Velocity
at end
point
(m/s)

A  0 n/a 0 60  0 0

A→B         

B→C        ac =
g's =

C→D         
D→E         
E→F         

F→G        ac =
g's =

G→H         
G→H a* =    0 0 0 0

PE1 + KE1 - EL(1-2) = PE2 + KE2

* Acceleration required to stop car between G and H:
W = KE2(G-H) + EL(G-H) = madG-H
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Running the Stairs

(Download the MS Word version of this document.)

Record the height of the stairs:1.
Run up the stairs, touching every step, and record your time:2.
Find your mass in kilograms (1 kg weighs 2.2lbs):3.
How much net work did you do horizontally as you climbed the stairs? Explain.4.
Find the amount of work you did against gravity. Show your work below.5.
What is your potential energy (relative to the ground) at the top of the stairs?6.
What is your potential energy relative to the first landing when you are at the top of the
stairs?

7.

How much work did you do against gravity from the first landing to the top of the stairs?8.
What is your average power in Watts as you climbed the stairs?9.
If you accidentally fell off the top of the stairs and fell straight to the ground,

what would be your kinetic energy just before you hit the ground?a.
what would be your speed just before you hit the ground?b.

10.
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Series and Parallel Circuits

(Download the MS Word version of this document.)

Purpose

To measure current, voltage, and resistance in a simple, series, and parallel circuit.

Taking Data

Part I—Simple Circuit

Connect one resistor (either 5 W or 10 W) to one battery in a simple circuit as shown in class.
Sketch the diagram of the circuit at the right. Be sure to connect the ammeter in series with the
resistor, and the voltmeter in parallel with the resistor. Collect data on the circuit, and record the
highest voltage and current. Using Ohm's law, calculate a value for the resistance. This calculated
value for the resistance will be referred to as the measured value since it is determined from two
measured quantities, and will be the value placed in the tables. Show your work below.

Q1. Does the measured (calculated) value for the resistance match the value of the resistance
printed on the resistor? Note the Value of R in the table is the value calculated using Ohm's Law.
Calculate the percent difference between this measured (calculated) resistance (R) and the known
(printed) resistance, and show your work below.

Number of batteries V I R
1
2
3
4

Repeat the measurements for 2, 3, and 4 batteries to increase the voltage and current.

Part II—Series Circuit

1. Connect two resistors in series as shown in class. Sketch the diagram of the circuit at the right.

Q2. What should be the total resistance of the two resistors in series?

2. Repeat the voltage and current measurements as in Part I, with the voltmeter across both
resistors, and calculate the total resistance using Ohm's law.

Q3. Does the answer to Q2 agree with your measured Value (calculated) for the total resistance
in series? Calculate the percent difference between the two.

3. Repeat the measurements for 2, 3, and 4 batteries to increase the voltage and current, filling in
the table below.

4. To fill in the last two columns, place the volt meter across each resistor one at a time in this
series circuit, and collect data.

Number of batteries Vtot Itot Rtot V1 only V2 only
1      
2      
3      
4      

Q4. What is the relationship between V1, V2, and Vtot?
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Part III—Parallel Circuit

6. Connect two resistances in parallel as shown in class. Sketch the diagram of the circuit at the
right.

Q5. What should be the total resistance of the two resistors in parallel?

7. Repeat the voltage and current measurements as in Part I, with the voltmeter across both
resistors, and calculate the total resistance using Ohm's law.

Q6. Does the answer to Q5 agree with your measured value for the total resistance in parallel?
Calculate the percent difference between the two.

8. Repeat the measurements for 2, 3, and 4 batteries to increase the voltage and current, filling in
the table below.

9. To fill in the last two columns, place the ammeter in series with each resistor one at a time in
this parallel circuit, and collect data.

Number of batteries Vtot Itot Rtot I1 only I2 only
1      
2      
3      
4      

Q7. What is the relationship between I1, I2, and Itot?

Circuit Lab Questions

1. Why is the ammeter always connected in series with the resistor(s) whose current it is trying to
measure?

2. Why is the voltmeter always connected in parallel with the resistor(s) whose voltage it is trying
to measure?

3. In general, was Ohm's law verified in this experiment? Explain.

4. Consider the identical light bulbs in the circuit shown.

(a) Which bulb draws the most current, and therefore burns the brightest? Explain.

(b) Explain what will happen to bulbs B and C if bulb A is removed from its socket.

(c) Explain what will happen to bulbs A and B if bulb C is removed from its socket.

5. A 60 W bulb and a 100 W bulb are connected in series in a circuit.

(a) Which bulb will have the greater voltage across it? Explain.

(b) Which bulb will have the greater voltage across it if they are connected in parallel? Explain.

(c) Describe at least two sources of error in this lab.
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Finding the Speed of Sound Using a Resonance
Pipe

(Download the MS Word version of this document.)

Concept

When a pipe is partially submerged in water, the water closes one end of the pipe while the other
end remains open. If the length of the pipe from the top to the water level is just the right length, a
sound wave in the pipe will resonate as the sound reflects off of the water repeatedly, that is, a
standing wave is produced in the pipe. There are several lengths at which a pipe will resonate,
producing harmonics.

Procedure

Place the small pipe inside the large, water-filled pipe, submerging the small pipe as far as
it will go.

1.

Strike a tuning fork and place it above the small pipe as shown, lifting the pipe slowly until
you hear the first harmonic.

2.

Measure the length of the small pipe from the top to the water level.3.
The standing wave in the pipe is represented by the pattern shown in the pipe. What
fraction of a wavelength is in the pipe?

4.

Knowing the length of the pipe above the water, and the fraction of a wavelength that fits in
this pipe, calculate the wavelength of the sound wave in meters.

5.

Knowing the wavelength and frequency of your sound wave, calculate the speed of sound.6.
Repeat your measurements for the next harmonic, shown at the right, and measure the
speed of sound again. Do you get the same value for the speed of sound?

7.
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Waves in a Ripple Tank

(Download the MS Word version of this document.)

As you investigate the properties of waves using the ripple tank, answer the following questions on
a separate sheet of notebook paper and draw a sketch showing the behavior of the waves.

Part I—Reflection

A. Generate a straight pulse with the attachment with the long piece of wood. Place a barrier in
the water so that it partially blocks the wave at an angle. Try blocking the wave with the barrier at
different angles.

1. What is the relationship between the direction of the incoming wave and the reflected wave?
Draw a sketch.

B. Replace the straight barrier with a curved one, with the concave side facing the wave
generator.

2. Describe the shape of the reflected wave.

C. Find the point where the waves converge. This is called the focal point.

3. Sketch the waves coming to a focal point. Can you give another common example of waves
being focused to a point?

Part II—Refraction

D. Change the depth of the water in the center of the tank by placing a piece of plastic on the
bottom. Generate a straight wave with the long piece of wood so that the wave strikes the
boundary of the two media (deep and shallow water) at an angle. Try varying angles.

4. Define refraction.

5. Is the wave speed faster or slower as it crosses the boundary into more shallow water?

6. What happens to the wave direction at the boundary?

7. How is the change in direction of the wave related to the wave speed?

8. How does the wavelength change as the wave crosses the boundary into shallow water ?

9. How does the frequency change as the wave crosses the boundary into shallow water?

Part III—Diffraction

E. Place a small barrier in front of a straight wave so that it intercepts only part of a wave front,
and watch what happens at the edge of the barrier. Change the wavelength of the incoming wave
by changing the speed of the motor, and again watch the edge of the barrier.

10. Define diffraction.

11. How does the wave interaction with the barrier vary with the wavelength, that is, do long
wavelengths seem to diffract more than short wavelengths, or vice versa?

F. Place two long barriers in the tank leaving a small opening between them. Generate straight
waves toward the opening and note the resulting pattern. Vary the size of the opening, and note
how the pattern changes.

12. How does the angle by which the wave spreads out (diffract) depend on the size of the
opening, that is, is there a larger angle of diffraction for a larger opening?
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13. In what way does the spread of the diffraction pattern depend on the wavelength of the
incoming waves, that is, is there more diffraction for larger wavelengths?

Part IV—Interference

G. Attach the two point source generators to the wave generator, place the tips in the water, and
generate waves in phase . Change the frequency of the waves and observe the resulting patterns.

14. Define interference, antinode, and node.

15. How does changing the frequency affect the wave pattern?

16. How does changing the wavelength change the pattern?

Part V—Measuring Wavelength Using Interference

H. Using the two point sources as in part G, generate an interference pattern of nodes and
antinodes.

The nodal lines represent points where the waves from the two point sources are 1/2 wavelength
"out of phase," and the interfering waves cancel each other out. The antinodal lines represent
points where the waves are "in phase," and maximum reinforcement occurs. This occurs when the
distance from one point in the antinode is a whole number of wavelengths farther from one source
than the other.

Draw a line down the shadow of the central antinode. Mark where the shadow of each point
source is and draw a line connecting these points. Choose a point in the middle of the first
antinode over from the central antinode.

Draw a perpendicular line from the central antinode line to the point on the first antinode. Label
these lines x, d, and L as shown. Calculate the wavelength using the proportionality below.
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Waves in a Spring Lab

(Download the MS Word version of this document.)

Purpose

To familiarize you with the properties of waves using a spring. The general procedure will be to
stretch a spring between two people on the floor, create a pulse by a quick jerk of your hand, and
observe the results.

Procedure

Create a clump of coils at one end, and let it go. What kind of wave have you created?
Sketch the wave pulse below:

1.

Move your hand quickly to one side and back to create a transverse wave.
How is this wave different from the wave you created in #1? Sketch the transverse
wave below.

a.

Does the size of the pulse change as it travels along the spring? Why or why not?b.
Does the pulse reflected from the far end return to you on the same side or the
opposite side of the original pulse? What is happening to the wave at the "fixed"
(hand-held) end?

c.

How would you make the wave go faster, that is, increase its speed through the
spring? Is this the same as increasing the frequency of the wave?

d.

2.

Have your partner send a wave pulse toward you on the same side that you send a pulse
toward your partner, so that the pulses meet in the middle of the spring. The interaction of
the two springs is called interference.

When the two pulses meet, does the displacement of the spring at that instant get
larger or smaller? Make a sketch below.

a.

Did the two pulses go through each other or bounce off each other? Explain.b.
What is a wave made of?c.

3.

Have your partner send a wave pulse toward you on the opposite side that you send a
pulse toward your partner, so that the pulses meet in the middle of the spring.

When the two pulses meet, does the displacement of the spring at that instant get
larger or smaller? Make a sketch below.

a.

Formulate a general statement about the diplacement caused by the addition (or
subtraction) of two pulses at the same point. (You might want to call this the
Principle of Superposition).

b.

4.

By vibrating your hand steadily back and forth, you can produce a train of pulses called a
periodic wave. The distance between any two neighboring crests on such a periodic wave is
called the wavelength. The rate at which you vibrate your hand will determine the frequency
of the periodic wave. Produce short bursts of periodic waves so that you can observe them
without interference by reflections from the far end.

How does the wavelength depend on the frequency?a.

5.

Have your partner generate a continuous periodic wave while you try to match you partner's
speed and amplitude. You have produced a standing wave.

Are there places that the spring does not appear to move? What are these places
called?

a.

What are the loops called?b.
Make a sketch of your standing wave, labeling the answers to (a) and (b).c.
What is the general relationship between the number of loops and the frequency of
the wave?

d.

6.
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Uniform Circular Motion Lab

(Download the MS Word version of this document.)

Define uniform circular motion:

Purpose

Procedure

Find the mass of the washers which are hanging at the end of the string, and the mass of
the stopper.

1.

Have one lab group member carefully swing the stopper on the string in a horizontal circle
above his or her head.

2.

When the radius is constant (that is, the washers are not moving up or down), and the
period of rotation is consistent, have another lab group member find the time for 10
revolutions.

3.

At the end of 10 revolutions, put your finger on the end of the tube to preserve the radius at
which the stopper on the end of the string was rotating.

4.

Measure the radius of the circle (the length of the string).5.
Find the period, and then using the period and the radius, find the velocity of the stopper as
it rotates.

6.

Using the mass, velocity, and radius, calculate the centripetal force acting on the stopper.
Should you use the mass of the stopper or the mass of the washers in the equation for
centripetal force?

7.

Compare the value you measured for the centripetal force with the weight (not the mass) of
the washers.

8.

Repeat steps b through g for a different radius.9.
Record all relevant data in the table below, and answer the questions on the back of this
sheet.

10.
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Organize your data in the data table below.

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Questions

1. Briefly explain the relationship between the centripetal force and the amount of hanging weight.

2. Calculate the percent difference between the centripetal force and the hanging weight for each
part of the lab. Show your work below.

3. In this lab, which quantities did you change and which quantities remained constant throughout
the procedure of the lab?

4. How would the speed change if you shortened the period by half as long and kept the radius
constant?

5. How would the centripetal force be changed if you kept the mass and velocity constant, but
doubled the radius?

6. How would the centripetal force be changed if you kept the mass and radius constant, but
increased the speed by 3 times?
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Vector Hunt!

(Download the MS Word version of this document.)

Group 1

Directions

Each of the following clues below describes a place on campus. Solve the clues in the order given,
and visit each place the clues describe. At each place, there will be a word posted on a sign. Write
the word and its definition in the spaces provided below. Using a ruler, draw a straight vector
arrow from one clue to the next (in order) on the school map on the back of this sheet. After
finding the location of the last clue, draw the resultant vector from your original location (room
B203) out to the last location. Using the scale given on the map and your ruler and protractor,
measure the magnitude (length) and direction (angle) of each vector, including the resultant, with
zero degrees being along the +x axis.

Clue Location Word Definition
If Fanny Farkle were in
trouble, she would be
sent here.    

Park and
Independence
announcements    

Yeah, that's the ticket!

   

Popcorn, candy, Dr.
Pepper, hotdogs!

   

Group 2

Directions

Each of the following clues below describes a place on campus. Solve the clues in the order given,
and visit each place the clues describe. At each place, there will be a word posted on a sign. Write
the word and its definition in the spaces provided below. Using a ruler, draw a straight vector
arrow from one clue to the next (in order) on the school map on the back of this sheet. After
finding the location of the last clue, draw the resultant vector from your original location (room
B203) out to the last location. Using the scale given on the map and your ruler and protractor,
measure the magnitude (length) and direction (angle) of each vector, including the resultant, with
zero degrees being along the +x axis.
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Clue Location Word Definition
Bldg B sidewalk peace
sign.

   

CF pole

   

Popcorn, candy, Dr.
Pepper, hotdogs!

   

Yeah, that's the ticket!
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Middle School (Pre-AP*)

Suggested Activities

Each activity linked below is in an HTML web format. Linked to the HTML version of each activity,
you will find the original MS Word document. You can download the MS Word document to your
computer.

Grade 6 Activities

Data Collection Table
Science Fair
Mystery Box Lab
Computer Physics/Roller Coasters
Roller Coasters
Habitat Selection
Using Color to Survive in Nature
Food Web Game and Bulletin Board
Edible Cell
Physics of Sports
Geologic Time: When Was Coal Formed?
Coal Identification
Ranks of Coal Activity
Cookie Mining
Identifying and Comparing Different Types of Coal

Foundational Activities

Can Mosquitos Carry HIV between Primates?
Modeling Exponential (or Geometric) Growth
Thumb Measurement-Thumb Variation Lab (Genetics)
Emission Imossible
Isolation of DNA (Deoxyribonucleic Acid) from Bananas
The Great Snail Tug-O-War
Biome Powerpoint Presentation Gradesheet
Aquatic Succession
Earthworm External Anatomy
Ecosystem Observations
Adapt an Iguana
Water Under the Bridge (Science/Social Studies Project)
Evaporation and Condensation
Scuds on Drugs
What Variables Affect the Motion of a Pendulum
Describing a New Species of Life
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Data Collection Table

(Download the MS Word version of this document.)

Title: ________________________________________________________

Dependent Variable:

Independent
Variable 1 2 3 4 5 6 7 8 9 10 Total Average

             
             
             

Procedure

Give title to table.1.
List the independent variables (manipulating variables).2.
Write in the dependent variable (responding variable).3.
Record data collected. Remember to include units.4.
Total all data.5.
Average totals. Include units in final boxes.6.
Use information gathered to write up your results.7.
Graph your results.8.
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Science Fair

(Download the MS Word version of this document.)

Teacher Instructions

List all projects entering the fair with name and title on a sheet of paper. I may need a name
for the winners' list.

1.

Use an index card to put the name, grade and teacher on the backboard. I will show you
how I want it done.

2.

Place the index card on the back of the left flap of the backboard.3.
Place the division dot on the back of the right flap of the backboard.4.
Have all projects ready to set up by 1:00 Friday. Be sure to have any materials that go with
the project in a container labeled with the title of the project and the name of the student.

5.

Be prepared to help out after school on Fri., Feb. 8, if we need you.6.
All projects will be returned to your room on Sat. after noon. Have students take home
theirs unless they one first place. All first place winners will be invited to go to the regional
science fair in early March. They will be given more information later.

7.

Divisions

Botany dark green dot
Environmental Science light green dot

Microbiology pink dot
Zoology yellow dot

Chemistry red dot
Physics dark blue dot

Engineering white dot
Math  

Social and Behavioral Science light blue dot
Computer Science white with dot
Earth and Space purple strip

Medicine and Health pink strip
[printer-friendly]
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Mystery Box Lab

(Download the MS Word version of this document.)

Purpose

To learn to make accurate, unbiased observations and inferences.

Materials

mystery box
paper
pen or pencil

Introduction

One of the most powerful skills of scientists is their ability to make accurate, concise observations.
To do this well, they must use all of their senses. This activity helps you practice your observation
skills and demonstrates the limits of observations.

Directions

Follow each step carefully and use complete sentences to answer the questions. Do not attempt
to open, write on or otherwise destroy the boxes.

Key Words/Concepts

Observation: information gathered through the senses. An observation is typified by
statements like the following: I saw.... I heard.... It tasted....
Inference: an interpretation or conclusion derived from observation, fact, prior knowledge
and/or other premises. An inference is typified by statements like: I think..I believe..
Bias: a personal and sometimes unreasoned judgment
Preconceive (as in preconceived notions): to form (as in opinion) prior to actual knowledge
or experience.
Assume: to take as granted or true.
A scientific question: a good scientific question should be specific and you must be able
to answer it using the tools available to you.

Procedure

Examine the mystery box.
Write down a question that will attempt to answer:

The total number of objects in the box
The shape of each object
The size of each object
The weight of each object
The composition of each object

A.
1.

Examine the box for clues that help to answer the question you wrote. These clues or
observations must be things you can see, feel, hear, smell or taste. A good observation
must contain no opinions, and must have no biases or preconceived notions.

Write down at least ten observations about the mystery box.A.

2.
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Write down at least five inferences based on your observations.B.
Using only your observations, make an educated guess (hypothesis) about the answer to
the question you wrote. Your hypothesis must answer exactly what the question asks.

Write down your hypothesis.A.
Is your hypothesis fact? Why or why not?B.
State two things you assumed when you made your hypothesis.C.

3.
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Computer Physics/Roller Coasters

(Download the MS Word version of this document.)

Procedure

Log on to your computer. Open Netscape navigator.1.
Open http://www.learner.org/exhibits/parkphysics/2.
Read the overview page and answer the following questions:

You are in greater danger of injury when riding a ____________ than on a park ride.
Amusement parks use physics to ________________ danger.

3.

Click on roller coaster, then click on physics glossary to match the following:
 
Acceleration a. Law of inertia
Energy b. Two types are kinetic and potential
Force c. Resists motion of object
Friction d. Amount of substance in an object
Mass e. Push or pull
First Law of Motion f. Law of acceleration
Second Law of Motion g. Law of action/reaction (interaction)
Third Law of Motion h. Changing speed and/or direction

4.

Click BACK. What name is often given to a roller coaster?5.
Click on "Design your own."6.
Read and follow all the direction on the screen to complete this activity.7.
Record your evaluation. On the back of this sheet draw your design.8.
Go back to the Home Page, click on each of the following and write two complete
sentences (on the back) describing each:

Carousel
Bumper Car
Free Fall
Pendulum
Ride Safety

9.

Roller Coaster—Teacher

Students are to use a particular website to complete a worksheet.

It is best to grade the worksheet as you would any worksheet.

Some students may need some guidance so this is best as an activity after they have learned
about Newton's Laws of Motion, gravity, and friction. Remind the students about these concepts
before allowing them to begin this activity.
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Roller Coasters

(Download the MS Word version of this document.)

Procedure

Draw a simple roller coaster design that you plan to make with the tubing given. Realize
your tubing is four feet long, which cannot be changed. Since the tubing is flexible, you will
be allowed to twist or turn it whatever way you want.

1.

Try our your design and roll the marble on the tubing to see if it will go all the way to the
end. Record your results.

2.

Modify your design and record your changes.3.
Continue to modify until you can successfully have the marble complete your roller coaster.4.
Share your final design with your class. Have the marble complete the ride.5.
The class "judges" your design on a 1-10 scale.6.
The design with the most points is awarded the gold metal, the next most points gets the
silver and the third most gets the bronze.

7.

Choose the most creative design for a special award.8.
Top winners in each class compete for the overall gold, silver, and bronze.9.
Good luck and have fun.10.
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Habitat Selection

(Download the MS Word version of this document.)

Purpose

To observe the types of habitats preferred by an organism.

Procedure

Obtain a piece of clear tubing (minimum 1-2 inch diameter) that is open at both ends.
Obtain stoppers that will effectively seal both ends. Place a line circling the middle of the
tube so that you create two halves.

1.

Place 10 fairy shrimp (other visible, aquatic invertebrates may be used) in the tubing along
with the water they are adapted to.

2.

Close and place the tube on its side for 5 minutes. Record the number of shrimp on each
side of the tube. Discuss the importance of this as a control measure.

3.

Now place a different stimulus (see examples below) on either side of the tube and record
the number of shrimp on each side, every minute, for 10 minutes.

Hot pack under one side and cold pack under the other.
Cotton ball soaked in vinegar on one side, nothing on the other (cotton ball has to go
into the tube).
Cotton ball soaked in solution of baking soda on one side, nothing on the other.
Cover one side with opaque material (dark paper), leave other exposed to light.
Place a cotton ball soaked in saturated salt water on one side, nothing on the other.
Place some kind of noise (ticking clock, etc.) on one side, nothing on the other.
Use your imagination; this can be a more intuitive investigation than a cookbook
investigation if treated as such.

4.

Results and Conclusions

After recording data, graph the data and use to predict the types of habitats selected by fairy
shrimp.
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Using Color to Survive in Nature

(Download the MS Word version of this document.)

Purpose

To observe how protective coloration helps some animals to survive in nature.

Materials

250 toothpicks (50 red, 50 green, 50 blue, 50 yellow, 50 uncolored)
pen or pencil
plastic cups for each round

Procedure

On a piece of notebook paper, write the "LAB TITLE" and "PURPOSE."1.
Copy the DATA TABLE that your teacher has written on the chalkboard (or displayed on the
OH). You must draw the lines with a ruler or straight-edge.

2.

You are going to be a "bird" feeding on "insects" to survive, with toothpicks representing
insects. When instructed to begin, you will "feed" on at least five "insects" in the feeding
area (10 X 10 meters) in the allotted time. If you do not capture at least 5 "insects," you
"die" of starvation and have to sit out for the remaining rounds. After several rounds, only
one "Super Predator" will survive. Here are the rules:

You must use your "beak" (forefinger and thumb) of one hand only.
You may "eat" only one "insect" at a time.
You must place the "insect" in your "crop" (your other hand) before you can reach for
another insect.
You must stop feeding when told to do so. If you are reaching for an insect and the
teacher has called time, do NOT finish reaching for it and stand up straight.
Red "insects" taste bad and will upset your stomach. If you accidentally pick up a red
"insect," you will have to stop feeding.

3.

After time is called for each round, put all captured insects (whether you "died" or not) into
the plastic cup labeled, "ROUND 1." The "dead" birds will then sit in a designated area. All
the surviving birds will feed again in "ROUND 2," with each bird again eating at least 5
"insects." The eaten "insects" for Round 2 will go in the cup labeled, "ROUND 2." The class
will do as many rounds as are necessary to weed down the population to one surviving bird,
the "Super Predator."

4.

When there is only one "Super Predator" left, return to the room and total up all the colors
eaten for each round.

5.

Put the class data in your data table, filling in the chart with the "insects" that everyone
"ate." Give a specific reason in "Explanation" to explain why you and the class collected the
particular insects that you did (complete sentences are NOT required). For example,
specific reasons might be that you prefer a particular color, that the insects were nearest to
you, etc.... Do not state reasons that are not factual; for example, do not say that the
insects tasted good. Since you are not actually eating them, they cannot taste good.

6.

Answer the conclusion questions on a separate sheet of paper, answering them in complete
sentences.

7.

Conclusions

Answer each question using the class totals. Answer each question on a separate sheet of paper
on your write-up.
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Which color "insect" was "eaten" more than any other color?1.
If this simulation is similar to what occurs in nature, then what survival strategy is most
effective in avoiding predation? [In other words, why was that color insect selected least?

2.

Why didn't the "birds" eat red "insects"?3.
Why didn't the "birds" eat yellow-and-red-striped "insects"?4.
Which color "insect" (besides red and yellow-and-red-striped) survived the most?5.
Give a reason to explain why that insect (answer to #5 above) survived well.6.
List two other factors, besides color, which may determine whether an insect is preyed
upon in large numbers.

7.

Explain how the color of an insect may determine whether it will be preyed upon. [Use
complete sentences.]

8.

Explain how predators help to "select" which animals will survive in nature. [Use complete
sentences.]

9.

Which color(s) of insect is an example of camouflage?10.
Which color of insect is an example of mimicry?11.
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Food Web Game

(Download the MS Word version of this document.)

Purpose

To demonstrate the interactions and importance of the different parts of a food web.

Procedure

Generate a list of a variety of organisms (may be indigenous, may live in a particular biome,
etc.).

1.

Place these names on construction paper, etc. (may have students draw them)2.
Have students form a circle.3.
Start a ball of yarn with a producer.4.
Producer throws ball of yarn (while holding on to free end) to primary consumer.5.
Repeat throughout a simple food chain.6.
When a decomposer is reached, throw ball back to a producer.7.
Continue until a sufficient web is built.8.
Pull different levels of organisms (consumers, producers, decomposers) out one at a time
to illustrate the effects one creature may have on a food web.

9.

Food Web Bulletin Board

Follow the same basic principle, but place the cards/pictures on a bulletin board and have students
build the web with yarn.
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Edible Cell

(Download the MS Word version of this document.)

Comparing Plant Cells to Animal Cells

Due _____________________________

You are to create a model of a plant or animal cell, whichever is assigned to you. Write up a
"recipe" so another student can replicate your cell. Be sure to include quantities of ingredients,
directions of how to put the cell together and if you cook/refrigerate it or not (include temperature
and time if you do). Bring your cell to class on the due date you wrote in at the top of this
assignment sheet.

You can use any edible substances you choose to make your cell. Make sure you can label each
part of the cell. Include all parts of your cell, including the parts of the nucleus, the outer
membrane(s) and all the other parts between. Also include a key.
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Physics of Sports

(Download the MS Word version of this document.)

Why is it important to understand physics in order to play sports? Try the following activity and
then write a paragraph to explain the answer to the above question.

Choose a sport of interest. Name it here:1.
Give an overview of the purpose of the game - desired outcome.2.
Give an overview of the rules to the game.3.
Write a hypothesis about the aspect you are most interested in for your game.4.
List materials you will need to practice your chosen aspect.5.
Choose one aspect of the game, i.e., pitching, batting, kicking a field goal, etc. Practice this
aspect three times with your partner. Collect data after the practice using the following data
table.

6.

 1 2 3 4 5 6 7 8 9 10 Total Average

A             
B             
C             

Graph your results.7.
Explain your results that you graphed.8.
Write your paragraph explaining how your experiment answers the question at the beginning
of this activity.

9.
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Geologic Time: When Was Coal Formed?

(Download the MS Word version of this document.)

Objective

The student shall construct a time line of geologic periods and label the major happenings in each.
The student should pay attention to the climate and conditions during the coal forming periods.

Concept

Coal began as trees, ferns and other plants that existed in tropical-like forests between 400 million
and one million years ago.

Skill Reinforcement

Critical thinking
Math-number manipulation
Cooperative learning

Grade Level

8 and above

Time Needed

Two class periods

Materials

adding machine tape (five meters long)
metric ruler
tape

Note to Teacher

Students should have a general knowledge of epochs, periods and eras. They should make a chart
similar to the one provided. Research can be done ahead of time by dividing the class into groups
and giving each group a period to research. This information can be added to the chart. Students
should work in groups of two to construct the time lines. Be sure to have a large area in which to
work (a long hallway is good).

Procedure

Measure and cut a strip of adding tape that is five meters long. One meter equals one
billion, once centimeter equals ten million, and one millimeter equals one million.

1.

Attach adding machine tape to a flat surface where you can work easily.2.
Draw a line near the end of the tape. This will be the beginning of the Earth. Measure four
meters from this mark and draw a line. Label it "End of Precambrian Time." Starting at this
line, mark the distance that will represent the end of the Paleozoic Era. Label it "End of the
Paleozoic Era." Go back and divide the part of the tape representing the Paleozoic Era into
correct lengths representing each time period of this era. Label each with the correct name.

3.
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Do the same with each era and period. Go back and label the main events in each era.

Activity developed by Beverly Bowers, Mannington Middle School, Fairmont, West Virgina and the
American Coal Foundation.
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Coal Identification

(Download the MS Word version of this document.)

Objective

The student should be able to rank, identify, and compare the types of coal.

Concepts

There are four basic varieties of coal, which are the result of geologic forces having altered plant
material in different ways.

Skill Reinforcement

Comparison and contrast
Critical thinking

Grade Level

Grades 6 through 12

Time Needed

One class period

Materials

coal specimens
worksheet
hardness kit (optional)
Bunsen burner or alcohol lamp
safety glasses
tongs

Procedure

Place coal specimens out for students to use.1.
Have students carefully examine the coal specimens and complete the identification chart
and accompanying worksheet.

2.

Using tongs, hold a piece of each type of coal in a flame for the class to see.3.
Ask the class to note its speed of ignition, remove from flame and observe how it burns.
Have class complete second chart on coal identification worksheet.

4.

Does burning show that peat is the lowest rank of coal?5.
Does the manner of burning of bituminous coal show that it still has volatile material (gas) in
it?

6.

Activity developed by Kathleen Berry.
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Coal Identification Worksheet

Name: ____________________________________

Date:________________________

Examine the coal samples and fill in the chart below:

Evidence of
Sample # Plant Origin Hardness Luster Cleavage Other Characteristics

1      
2      
3      
4      

Why is peat the youngest form of coal? What evidence supports this?

Is anthracite the highest rank of coal? Why?

Record your observations of the four types of coal burning below:

How Different Types of Coal Burn

 Speed of Ignition Flame Color Speed of Burning Odor

Peat     
Lignite     
Bituminous     
Anthracite     
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Ranks of Coal Activity

(Download the MS Word version of this document.)

Objective

The student will be able to rank or identify coal based on physical properties.

Concept

There are four basic varieties of coal, which are the result of geologic forces having altered plant
material in different ways.

Skill Reinforcement

Critical thinking
Cooperative learning
Comparison and contrast

Grade Level

Grades 7 through 12

Time Needed

One class period

Materials

three coal specimens for each of the basic types (rank) and one piece of slate or shale
(each sample numbered from one to four - if using more than one set, make sure each
types [rank] has the same number in each kit). Each kit has the four specimens in a paper
bag.
worksheet

Procedure

Divide class into working groups. Inform students that each bag contains three ranks of coal plus a
sample of slate. Ask them to write the name for the rank of coal that they think matches the
number. Tell them to use their knowledge about how coal forms to help them make decisions.

Activity developed by Kathleen Berry.
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Ranks of Coal Worksheet

Name: ____________________________________

Date:________________________

Examine the coal samples provided and fill in the following chart based on your knowledge of the
different types of coal.

Sample # Type of Coal Observations

1   
2   
3   
4   

After looking at the specimens in your bag answer the following questions (explain your choices to
team members):

A. Why do you think early coal miners of the pick-and-shovel days had difficulty in determining
where the coal seam was? (Hint: think about the non-coal specimen in your bag.)

B. Why do slate (shale) dumps burn? (Hint: think about your answer to question A.)
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Cookie Mining

(Download the MS Word version of this document.)

Objective

Students will demonstrate economics skills in a simulated mining activity.

Concept

Coal mining is a capital-intensive industry.

Skill Reinforcement

Critical thinking
Math-number manipulation
Cooperative learning
Evaluation of multiple factors
Negotiation and compromise

Grade Level

Grades 3–12

Time Needed

One or two class periods

Materials

play money
worksheet
grid paper
pencils
three different types of chocolate chip cookies
flat toothpicks
round toothpicks
paper clips

Procedure

Each student starts with $19 of play money.1.
Each student receives a Cookie Mining worksheet and a sheet of grid paper.2.
Each student must buy their own "mining property," which is a cookie. Only one "mining
property" per player. Cookies are for sale:

Mother's Chocolate Chip - $3
Chips Ahoy - $5
Chips Deluxe - $7

3.

After the cookie is purchased, the student places the cookie on the grid paper and, using a
pencil, traces the outline of the cookie. The student must then count each square that falls

4.
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inside the circle. Count partial squares as a full square.
Each student must buy their own "mining equipment." More than one piece of equipment
may be purchased. Equipment may not be shared between students. Mining equipment for
sale is:

Flat toothpick - $2
Round toothpick - $4
Paper clips - $6

5.

Mining costs are $1 per minute.6.
The sale of one chocolate chip mined from a cookie results in a $2 profit. (Broken chocolate
chips can be combined to make one whole chip).

7.

After the cookie has been "mined," the cookie should be placed back into the circled area
on the grid paper (reclamation). This can only be accomplished using the mining tools - no
fingers or hands allowed. Reclamation costs are $1 for each square covered outside
original outline.

8.

Rules

No student may use their fingers to hold the cookie. The only things that can touch the
cookie are the mining tools and the paper on which the cookie is sitting.

1.

Students should be allowed a maximum of five minutes to mine their cookie. Students who
finish mining before the five minutes are used up should only credit the actual time spent
mining.

2.

A student can purchase as many mining tools as desired and the tools can be of different
types.

3.

If the mining tools break, they are no longer usable and a new tool must be purchased.4.
The students who make money by the end of the game win (because they realized a mining
profit).

5.

All students win at the end of the game because they get to eat the remains of their cookie!6.

Review

The game provided each student an opportunity to make the most profit that he/she could make
with the resources provided. Students were forced to make decisions to determine which
properties to buy and which piece or pieces of mining equipment should be purchased. Each
student should have learned a simplified flow of an operating mine. Also, each student should have
learned something about the difficulty of reclamation, especially in returning the cookie back to the
exact size that it was before "mining" began.

Activity developed by the Women In Mining Education Foundation.
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Cookie Mining Worksheet

Name: ____________________________________

Date:________________________

Mining start-up funds = $19

A. Land acquisition costs = price of cookie
(Mother's - $3; Chips Ahoy - $5; Chips Deluxe - $7)

Name of cookie: ________________________ $ ________________

Size of mine = size of cookie

Squares covered pre-mining (used for reclamation) _________________

B. Equipment costs

Flat toothpick __________ x $2 = __
Round toothpick __________ x $4 = __
Paper clip __________ x $6 = __

Total equipment costs $ ________________

C. Mining/excavation costs = chip removal

Number of minutes __________ x $1 __

Total excavation costs $ ________________

D. Mining valuation

Number of chips mined __________ x $2

Gross profit $ ________________

E. Reclamation

Squares covered outside original outline _________ x $1

Total reclamation costs $ ________________

F. Profit/loss

Start-up funds _________________
less total mining costs (A, B, & C) _________________

less total reclamation costs (E) _________________
plus gross profit (D) _________________

Total profit/loss _________________
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Identifying and Comparing Different Types of Coal

(Download the MS Word version of this document.)

Objective

Students will identify and compare the four different types of coal.

Concept

There are four major types of coal.

Skill Reinforcement

Critical thinking
Comparison and contrast
Cooperative learning

Grade Level

Grades 4 through 8

Time Needed

One class period or less

Materials

American Coal Foundation written materials and coal sample kit
labels for student's backs (anthracite, bituminous, lignite and peat)

Procedure

Have students affix a "coal type" label to the back of each student.1.
By asking yes or no questions of their neighbors, each student must determine what type of
coal they are (Example questions: "Am I used primarily in home heating energy?" or "Am I
considered 'hard' coal?").

2.

Assign a corner of the room for each type of coal. When the student thinks he/she knows
what type they are, they can go to the appropriate corner.

3.

Provide assistance to those who appear to be having trouble.4.
Review types of coal based on this exercise.5.

Activity developed by American Coal Foundation.
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Can Mosquitos Carry HIV between Primates?

(Download the MS Word version of this document.)

Purpose

To learn how to design an experiment; to apply the scientific method to a complex scientific
problem.

Materials

pen
notebook paper
your mind

Background Information

Imagine the scenario: Mr. Hook is president of the prestigious Kealing University at Austin, Texas,
and the year is 1984. You are a Ph.D. researcher and have been hand selected by President Hook
to sit on a research team representing your academic area. Each lab table represents the 6
different research groups/academic areas.

Lab Group #1 is the Primatology Dept.
Lab Group #2 is the Genetics Dept.
Lab Group #3 is the Microbiology Dept.
Lab Group #4 is the Virology Dept.
Lab Group #5 is the Entomology Dept.
Lab Group #6 is the Infectious Disease Dept.

Kealing University has received a federal grant of $3,000,000 dollars from Centers of Disease
Control (CDC) in Atlanta, GA. CDC wants the University to conduct scientific research to answer
the question: "Can mosquitoes carry the Human Immumodeficiency Virus (HIV) from an infected
human to an human who is not infected with HIV?" The University president must decide which
academic department will do the research and receive the $3,000,000 grant. To help make the
decision as to who will do the research, Mr. Hook has requested that each department submit its
plan for the experiment that they will use to test its hypothesis.

Good luck, your competition is tough. Only the best plans will be used and will receive full credit for
the lab.

Procedure

The recorder should properly head one paper with all group members' names and their job
title. TITLE the paper and copy the PURPOSE.

1.

The following list is the resources, supplies, and organisms you will be working with. All
academic departments will be designing their experiment using the same list. You may not
add anything to the list without the instructor permission. Underneath the PURPOSE, write a
subtitle, MATERIALS, on your lab write-up, and copy the list.

2 identical, empty rooms (30m x 40m) with air-tight doors and windows
200 primates (180 are HIV negative, 20 are HIV positive)
200 identical cages, including water and feed bowls
400 female mosquitoes
Grade A primate food, "Monkey Chow", served daliy at Kealing cafeteria
Water

2.
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400 HIV tests
Your group task is to design an experiment that will answer the CDC original question, "Can
mosquitoes carry the Human Immumodeficiency Virus (HIV) from an infected human to an
human who is not infected with HIV?" You can use only the items listed above. Start by first
discussing different ways of setting up the experiment. The recorder should record the
different ideas on a scratch sheet of paper. After every group member has expressed their
ideas about the design of the experiment, the group should decide on the best plan for the
experiment. Ask yourself, "Is the experiment valid?" (Again, a valid experiment is an
experiment that could be repeated by anyone and the same results would be obtained.)

3.

It is now time to write out your experiment. Use the following steps of the scientific method
as a guide for your experiment write-up. Be sure to give each part of the experiment
write-up a correct subtitle (e.g., PROBLEM, HYPOTHESIS, ETC).

State the problem.
Gather more information.
State your hypothesis.
Design and perform an experiment.
Analyze the results. (Your instructor will provide you with your group's data.)
State your conclusion.

4.

NOTE: Be sure to write your experimental procedure with enough detail that your instructor could
repeat your experiment. Also state your independent variable, dependent variable, constants and
control in your procedure.
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Modeling Exponential (or Geometric) Growth

(Download the MS Word version of this document.)

Purpose

To use dice to model exponential growth; to examine our values concerning population growth.

Materials

10 to 20 dice
graph paper
notebook paper
pen
pencil

Procedure

In this experiment you will use dice to model population growth. Each die represents a person.
Each throw of the dice represents a year. A three or a six represents the birth of a child, so each
time one of them comes up, you must add a roll of the die. If a one comes up, a death has
occurred, so remove it from the population.

Questions

Answer all questions in complete sentences.

1. What is the ratio of births to deaths in this model population?

A. UNRESTRICTED EXPONENTIAL GROWTH (UEG):

Put all dice into the cup. Shake the cup and dump the contents (carefully) onto the table. You lose
a point for every die that hits the floor! Remove and count all the "ones" that appear. A "one"
represents a death. Record the number of deaths on a chart. Count up all the "threes" and "sixes"
that appear. Since they correspond to births, you must add a roll of the dice for each of them. Fill
in the required information in the chart. Repeat the procedure for UEG until the total population
exceeds 500 people. You must complete an entire year before stopping.

2. How many "years" did it take you to reach a population of 100?

3. After you reached a population of 100, how many more "years" did it take to reach a
population of 200? How many more years to reach 300? 400? 500?

4. Use your data table to plot a graph of unrestricted exponential growth of a population. Use
"Years" as the x-axis and "Total Population" as the y-axis. Be sure to give your graph an
appropriate title and to label the axes of the graph.

5. Using this experiment, define exponential (or geometric) growth.

6. In what way do exponential (or geometric) growth rates differ from arithmetic growth rates?

B. WORLD POPULATION TRENDS

The following is a listing of estimates of world population from 1650 to 1988. Figures such as
these are compiled by the United Nations and are published in most almanacs. (I have rounded the
figures to make them easier to graph.)

1650 = 0.5 billion 1930 = 2.1 billion 1970 = 3.6 billion
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1750 = 0.7 billion 1940 = 2.3 billion 1980 = 4.4 billion
1850 = 1.1 billion 1950 = 2.5 billion 1985 = 4.8 billion
1900 = 1.6 billion 1960 = 3.0 billion 1988 = 5.0 billion

7. Using the above information, plot a graph of world population versus time from 1650 to 1990.
You will need to estimate what you believe the population was in 1990. (Hint: Use your graph to
make this estimation by extending your graph line. Be sure to use a dashed line to show that
you are not certain of your data.)

C. DOUBLING TIME OF A POPULATION is the number of years it would take to double a
population if its current growth rate were to remain constant. To determine doubling time, divide 70
by the populations' growth rate. For example: for the world, the current growth rate is 1.8% per
year. 70 divided by 1.8 equals about 39; if the world's population continues to grow at its current
rate, there will be twice as many people on Earth in just 39 years. U.S. population in 1992 is about
251 million. With many "baby boomers" now having children, even though they are having small
families (average 1.9 children), the U.S. has about 1.75 million more births than deaths a year.
Immigration also contributes significantly to continuing U.S. growth. Altogether, our population is
growing by approximately 2.4 million per year.

8. Calculate the doubling rate for the population of the U.S. (Show your work.)

9. Is the U.S. overpopulated? Explain your answer using several examples.

10. Use your graph to predict world population for the year 2000. (Hint: Use dotted lines to
extend your graph into the future.)
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Thumb Measurement and Thumb Variation Lab
(Genetics)

(Download the MS Word version of this document.)

Purpose

To measure the phenotypic variation of thumbs in students in the classroom.
To calculate the average measured thumb length in a population.
To calculate the standard deviation of the measured thumb lengths in a population.
To analyze reasons why there is variation in a human population.

Introduction

The Thumb Variation Lab explores not only measuring in the metric system but also serves as an
introduction to statistical analysis of data taken by a simple measurement from the human hand, as
well as thumb genetics. The "thumb bending gene" is determined by a pair of gene. The two thumb
alleles include: a more common dominant gene for "straight" thumbs and a recessive gene for
"hitch hiker thumb" (or bent). Those people with two recessive genes for hitchhiker's thumb are
able to bend the distal joint of that digit, bending their thumbs at an angle of 45 degrees or more.
This is also called hyperextension of the thumb. People who carry either one allele or two alleles
for a thumb that is straight, or close to being straight, express the dominant allele.

You will be identifying your own thumb, and then everyone elses, as to which phenotype it is, in
your class. Once you have determined the types of thumbs that everyone has, you will be
measuring, in millimeters, and recording the length of each person's thumb. The data will then be
analyzed using a spreadsheet program called Excel.

Materials

thumb
metric ruler, mm and cm
paper
computer with MS Excel

Procedure

1. Determine whether or not you have a hitchhiker's thumb by comparing to the diagram below.

2. By using the picture below, measure your thumb in millimeters from joint 2 to the tip of your
finger. Do not include the measurement of your fingernail.
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(You should use this picture to determine what to measure)

3. Hand-draw a data table like the one below on your paper with 3 columns: NHHT length (mm)
(non hitch hiker thumb length in millimeters), HHT length (mm) (hitch hiker thumb length in
millimeters), and initials (the person's initials, first and last, that you measured) or you can write out
that person's name instead.

NHHT length (mm) HHT length (mm) initials

   
   
   
   
   
   
   

4. Record the measurement of your own thumb in millimeters in "NHHT length (mm)" (see below) if
you have a straight thumb and in column "HHT length (mm)" if you have a hitchhiker's thumb. Put
your initials next to your thumb measurement.

5. Record the measurements of your classmates' thumbs (determining if they have hitchhiker
thumbs or not) on the remaining part of the data table. Count the number of students in the room
to make sure you have a measurement for each person. Make your best guess as to whether or
not that person has HHT or NHHT.

6. Repeat steps #5 and #6 for another class (or a group of teachers) at school. Your teacher will
tell you which class to measure.

Analysis of Data/Conclusion

1. Working with a partner, log into CASTOR and then start the program, MS Excel
(Start>Programs>Microsoft Excel), to create a spreadsheet of your data from the two classes.

2. Save the spreadsheet into your shared folder on the H: drive. Name it something that you can
remember.

3. Using the data you hand-collected, enter the values for each student in the two classes into
Excel. Keep the data from the two classes separate.

4. Use the spreadsheet to calculate the following: (Your teacher will give you a demo on how to
start this.)

a. The mean (average) thumb lengths in your class for HHT and for NHHT, that is:
=AVERAGE(A2..Z2). Label the cell where you did the average for your class.

b. The mean (average) thumb lengths in another class for HHT and for NHHT, that is:
=AVERAGE(A2..Z2). Label the cell where you did the average for the other class.

c. The standard deviation (Standard deviation is a way to measure how much variation you have
in a population compared to the population's mean.) calculation for each class (a and b above),
that is: =STDEV(A2..Z2). Label the cell where you did the standard deviations.

d. Extra credit if you can figure out how to make an average calculation and a standard
deviation calculation for BOTH classes on your spreadsheet.

Your spreadsheet will look something like this when it is finished with each cell done correctly and
labeled. (This would represent data from one class.)

The formula for standard deviation for HHT you would enter into cell E2 would be:
=STDEV(B10..B14)
The formula for standard deviation for NHHT you would enter into cell E4 would be:
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=STDEV(A2..A6)
The formula for the mean (or average) length for NHHT you would enter into cell E6 would be:
=AVERAGE(A2..A6)
The formula for the mean (or average) length for HHT you would enter into cell E8 would be:
=AVERAGE(B10..B14)

5. Write at least a one page paper (covering all lines on one page) explaining why there is variation
(or measureable differences) in our experiment/measurements or why there is not. What sort of
results did you get? Were there any patterns that you could detect? Include ideas of: Why are
students in junior high so different? Why are students at KJHS so different? Possibilities of error?
If you measured the teachers' thumbs, were they different? What would explain variation in
different aged populations?

What to Turn in (each person)

2 hand-drawn data tables (One per each class with individual student's measurements) (30
pts, 15 pts each)
1 spreadsheet printed off (print it twice, one for each student or have teacher check that he
saw it) (30 pts)
1 write-up on a piece of notebook paper discussing why we have so much (or so little)
variation in our experiment (40 pts)
Staple each of these papers together in the order above. Make sure that your name and
period are written on the top page.
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Emission Impossible

(Download the MS Word version of this document.)

Brief to the President

The president of the United States has requested a briefing on the effects of global warming and
an outlook for the future. Your team has been named as a special consultant to the secretary of
the interior and has been called on to prepare this brief and present it to the president. For your
presentation, you must address the following:

1. Background facts behind global warming and the effect of greenhouse gases and the current
conditions on Earth. Your background should include:

The natural atmospheric warming that occurs (find this as a group)
Definition of the problem (find this as a group)
Past and current position of administrations on the problem (find this as a group)
Background about the sources, uses, and atmospheric affects of one of the greenhouse
gases (find as an individual)

You will cover the first three points as a group. The fourth point, each member of your team will
research one of the greenhouse gases: CH4 (methane), CO2 (carbon dioxide), N2O (nitrous
oxide), or CFC's (chlorofluorocarbons), for the background section of the report. Each of you must
have at least 5 sources for your background, listed by section in the bibliography. Only one of
these may be an encyclopedia. Be sure to properly cite internet sources.

2. Projections for conditions on the Earth for several different scenarios of continued or reduced
usage of greenhouse gases by industry and the public. The projections will be done by every
member of the group.

Use the computer climate simulation to fill out data sheets to be converted into MS Excel
spreadsheets. Using the data, write a brief summary of your findings and predict future outcomes
for our Earth under various conditions. Using the data create MS Excel graphs to show the overall
increase or decrease in gas levels, temperature, and sea level.

3. Proposal for Action, a recommendation for the president, done by the group.

Taking into account the degradation of the environment versus the dependence of our society on
petroleum products, CFCs, and other materials contributing to the greenhouse effect, propose a
plan of action for the president.

What your group must produce

Contract - Each member of the group agrees to their part of the project and to specific dates.
The contract is to be typed and signed by all members of the group. The contract will include times
for computer usage, paper due dates for individual papers so the group can write background info
etc. The more specific you are in the contract, the more likely your group will be successful.

Background research - Your group background research should answer all of the following
questions and more:

What is global warming and what might be the projected consequences?
What is the greenhouse effect?
What is the current United States's position on global warming?
Describe current and past international past international agreements dealing with the
atmosphere.

Proposal for Action - Your group should develop recommendations to give to the president
describing ways to remediate global warming. There should be a recommendation for each gas
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and an overall recommendation. Each group member should come up with 3 or 4 good credible
recommendations to contribute for the group.

Oral presentation - Your group will present its findings to your wonderful teacher, classmates,
and possibly a "president." All information gathered should be presented to those individuals.

What your final project should contain

I. As a group - a written brief that includes:

Background information
background section that contains the general background information of greenhouse
effects and global warming(1-2 pages)

a.

information about the current position held by the president and previous treaties,
acts, laws, research (1-2 pages)

b.

individual gas papers, each with bibliography (2-3 pages without a bibliography)c.

1.

Climate simulation findings
typed summary of your findings (1-2 pages)a.
MS Excel graphs showing your findingsb.
MS Excel spreadsheets of your findingsc.

2.

Proposal for action
a summary of the problem (1-2 pages)a.
specific solutions to the problem that address all of the gases (1-2 pages)b.

3.

This written document must be typed, double spaced, 12-point professional, 1-inch margins, and
have a cover page including the group member's names and the gas they researched. Page
numbers and a table of contents are also recommended.

II. As a group - an oral MS PowerPoint presentation in which your group will present its findings to
the "president".

In this presentation, your group will make no more than 18 slides including the following:

Title slide including the title, names, gases (1 slide)
General background of greenhouse effect and global warming (1 or 2)
General background of past actions and current position (1 or 2)
1 to 2 slides per individual gas (total of 4 to 8 slides)
climate simulation slide summarizing group findings or supportive individual findings (1 or 2)
proposal for action slide including actions for each gas (1 or 2)
closing slide (1 slide)

III. As an individual - a paper (2-3 pages) dealing with your greenhouse gas

The paper will be about the greenhouse gas you have chosen. This paper must include sources of
the gas, uses of the gas, and the methods by which it enters the atmosphere. The focus of your
paper should be how your gas contributes to the problem of global warming. Your paper must
include a bibliography of a minimum of 5 sources, only one of which can be an encyclopedia. Your
paper must follow the technical guidelines for the group paper as state above. Most of the
research and writing of your paper will be done for homework.

Your paper should have an introduction, a thesis, a body, and a conclusion. Your bibliography will
follow the format used by Magnet English.

Grading will be as follows

individual daily grades on expected completed items1.
an individual grade on your rough draft of your gas paper2.
an individual grade on your graphs and spreadsheets3.
a group grade on your group's written brief, spreadsheets, and graphs4.
a group grade on your MS PowerPoint presentation in development and in final phase5.
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an individual grade for your oral presentation6.
an individual grade based on peer evaluation of our cooperation and work7.

Each of these components will add up to be roughly 60% of your 2nd 6 weeks grade. In addition,
you will receive daily grades for your work ethic, participation, behavior, and goal accomplishment.

Calendar (due dates)

9/24-9/25 -project assigned
9/24,9/25 -contracts signed
9/28 -simulations and graphs complete (end of period)
10/3, 10/4 -rough draft of contract work due/ in class edit
-"slide basics" done by end of period
10/9,10/10 -final group briefs due at the beginning of the class period (all papers,
simulations, etc.) presentations begin

Sample bibliography

Works Cited

Atchley, John A. and Susan, Heeger. When Will We Laugh Again? New York: Norton, 1990

Brumberg, John Jacobs. "The Origins of Anorexia Nervosa." Harper's Magazine, August 1993:
31-32

Goldman, Nechama. "Fatal Obsession." Reprint from JERUSALEM POST 19 Mar. 1993. 64.
SIRS: Medical Science, 1993. Ed.

Webb, Adrienne. "The Starvation of Demons." McLeans 2 May 1994: 50.
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Isolation of DNA (Deoxyribonucleic Acid) from
Bananas

(Download the MS Word version of this document.)

Purpose

This laboratory exercise is designed to show how DNA can easily be extracted from bananas using
kitchen reagents.

Materials/Group

thumb-size pieces of fresh banana
non-iodized salt in plastic tube (labeled)
10 ml graduated cylinder
fresh meat tenderizer in plastic tube (labeled)
1 plastic reaction tube (labeled)
mortar and pestle
2 bulb-tip pipets
paper boat for weighing
ICE COLD 95% ethanol (teacher has it in freezer)
paper clip, bent
liquid detergent in beaker
beaker of distilled water

Procedure

Each person needs to read and carefully do their part. If one person does not do his/her part, then
the experiment will not work.

Person #1

Weigh the "boat" (shiny colored piece of cardstock paper to weigh salt and meat tenderizer
without having to put them directly onto the balance pan) on triple beam balance.

1.

Write down the mass of boat in grams here: __________________ (to the nearest 1/10th,
or .1 of a gram).

2.

Subtract the mass of the boat from the rest of the dry reagents that you weigh! If you add
1.0 gram of salt and the boat weighs 1.1 gram then the balance will read 2.1 grams!

3.

Weigh out 1.0 gram of salt on the triple beam balance on "boat." Give the salt on boat to
Person #3.

4.

Weigh out 2.0 grams of meat tenderizer on the triple beam balance on the "boat." Give the
meat tenderizer to Person #3.

5.

NOTE: Meat tenderizer contains enzymes that will destroy proteins that stick to the DNA and may
contaminate the extraction.

Person #2

Measure 9 ml of distilled water in the 10ml graduated cylinder and give it to person #3.1.
Use bulb pipet to add approximately 1 ml (soap to the bottom of the bulb) of liquid
detergent soap (in plastic bottles-share with another table) into the mortar. Be careful the
soap is very messy!

2.

Dispose of bulb pipet into the lined trash can, without dripping!3.
When water and soap have been added to mortar, let person #3 continue with his/her job.4.
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The detergent/salt solution breaks down the lipid walls of the cells to release the cytoplasm
and the cell contents. The salt shields the negative ends of the phosphates of the cell
membrane.

Person #3

Get a thumb-sized piece of banana from your teacher.1.
Place banana in the mortar and pestle. Macerate (mash it up) the banana in the mortar. The
macerating action further breaks apart the cell membranes and cell walls of the banana.

2.

Try not to macerate too hard as you will get foam and bubbles, making it harder to extract
the DNA from it.

3.

As team members #1 and #3 hand you reagents, carefully pour all the reagents into the
mortar and continue to macerate while mixing all the reagents.

4.

The resulting mix should be a runny thick paste, called a lysate, once all of the reagents are
added. If it is not a runny paste, add a couple more milliliters of water, measuring the water
in the graduated cylinder.

5.

Person #4

Carefully pour the lysate from the mortar into a clean plastic reaction tube. Wipe off lysate
from the sides of the reaction tube so all the lysate is in the bottom of the tube.

1.

If you have any foam or bubbles on top of your lysate, in the bottom of the reaction tube, try
to wipe some of them out with a paper towel. Dispose of paper towels in lined trash can.

2.

Carefully, using squeeze bottle, squirt 15-20 ml (use side of reaction tube as your
measurement) of ice cold ethanol down the side of the test tube to form a visible alcohol
layer on top of the lysate. Do not touch the squirt bottle tip to the reaction tube nor do not
squirt directly into the lysate. The 95% ethanol must be ICE COLD. It should be left in a
plastic container in the freezer overnight. The teacher has already put the 95% ethanol in
the freezer. DNA, in the presence of alcohol, will form into a mucous-appearing solid, called
a precipitate.

3.

You should immediately begin to see bubbles forming in the alcohol layer. DNA will form a
mucous looking solid with small bubbles, causing it to rise from lysate layer to the alcohol
layer. You can gently twirl your test tube to allow more DNA to come up into the alcohol
layer.

4.

Taking turns, use a clean bulb pipet to suck the DNA out of the alcohol layer and put it into a
small DNA test tube that the teacher will provide at the end of the lab. Person #4, make
sure that each person gets a small amount of DNA in his/her test tube with a small amount
of ethanol in the tube as well.

5.

If the DNA is too thick for the bulb pipet, use a paperclip with a bent tip to "fish" DNA out of
the alcohol layer.

6.

Congratulations! You have extracted DNA!!

Person #4: After you have extracted DNA, dump alcohol and lysate into lined trash can.

Cleaning Duties

Person #1—Wipe down pan of balance with damp paper towel, help Person #2.

Person #2—With Person #1, wipe down table with wet paper towels.

Person #3—Wipe off items in the metal pan, including the pan itself with damp paper towels.

Person #4—Rinse mortar and pestel well in sink. Rinse and clean out the reaction tube.

Conclusion

Draw a comic strip of each step of the procedure, with explanations as to why we added each
reagent. Include yourself in the comic strip. The comic strip must be neat and use colors.
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The Great Snail Tug-O-War

(Download the MS Word version of this document.)

Purpose

To compare the strength of humans with that of snails.

Materials

beaker of water
celery
triple-beam balance
scale large enough to weigh humans
large land snails
dixie cup
masking tape
dental floss
dufflebag and rope
towel
weights for humans and snails
metric ruler
spray bottle with water

Procedure

While the Technician is collecting your supplies, the Recorder should copy the lab title and
purpose onto the group paper. Write in all team members' names and their abbreviated job
titles. Place your team number in the upper left-hand corner of your paper and circle it.
Below the purpose, write "PROBLEM" and then copy the following statement: "Which
organism — a human or a snail — is able to pull more mass compared to its body mass?"

A.

Write the word "HYPOTHESIS" below your problem question. Discuss in your group what
you think the answer to the problem question will be. Write down the group's hypothesis
here.

B.

Your first task is to determine what kinds of things motivate snails. Place your snail on the
table top. Use celery and water to assist you in making observations.

List five observations about the behavior of the land snail.1.

C.

Make certain your triple-beam balance is calibrated. Use the balance to record the mass in
grams of the following:

snail1.
dixie cup with dental floss2.
various metal weights3.

D.

Now you are going to see how much mass the snail is able to pull. Tape the dental floss
(attached to the dixie cup) to the top of the snail's shell. NOTE: Make certain the shell is dry
before you try to attach the tape. Add a large weight to the dixie cup.

E.

Place the snail in the center of your table and lay the ruler next to the cup. Use the celery or
a small pool of water to entice the snail to move forward. If the snail is able to drag the
weighted cup at least one centimeter, add more weight to the cup. In order to determine
the maximum amount of mass the snail is able to pull, continue adding weights until the snail
is no longer able to drag the cup. (Remember to subtract the last weight added from the
total number of weights since the snail was unable to drag this.) The Technician should now
remove the tape and return the snail to the teacher.

F.

Title this section of your lab paper "DATA COLLECTION #1." Make a chart to record theG.
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total mass of the objects the snail was able to pull. Use the example below as a guide to
making your chart.

Mass of weights pulled + Mass of dixie cup with dental floss = Total Mass Pulled
Snail's Mass =

Total Mass Pulled is what percent of the Snail's Mass? [Show your work.]1.
Now predict how much mass your Maintenance Director can pull across the floor.

Prediction of how much mass a human can pull across the floor =1.
H.

Title this section of your lab paper "DATA COLLECTION #2." Your teacher will help test
your maintenance director's pulling ability. Have the Maintenance Director wear the rope
connected to the dufflebag around his or her waist. Add towels around the rope to prevent it
cutting into the waist. Begin with 90 lb by placing two 45-lb weights inside the dufflebag.
Add weights as needed until the Maintenance Director can no longer steadily drag the
dufflebag. CAUTION: Advise the maintenance director to keep his/her back straight and
knees bent! He or she must be able to pull the weights at least 1 meter. Lay the meter stick
on the floor so you can see how far the weights have been pulled. Make a chart to record
the mass that was pulled by the Maintenance Director. Use the following chart as a guide
for your chart.

Actual amount of mass pulled =
Maintenance Director's mass

What percentage of his/her body mass was pulled?1.

I.

Title this section of your lab paper "CONCLUSIONS." [A two- or three-sentence conclusion
will suffice as you will be summarizing this laboratory exercise later.]

J.

Now your group should review how snails function in their day-to-day life activities. Each
member of your team has been given a handout with a diagram of a snail. Using your
textbook and the handout from Animals Without Backbones titled "Soft-Bodied Animals,"
each team member should label the parts of the snail on the handout. Then answer the
following questions on your group lab paper.

Which organisms are the most numerous of all the molluscs?1.
What does the term "mollusc" mean?2.
Describe how a snail feeds using its radula. [Hint: Snails feed in the same manner as
chitons.]

3.

Snails have an open circulatory system. Explain how this is different from a closed
circulatory system.

4.

Most molluscs have bilateral symmetry. What kind of symmetry do snails exhibit?5.
What is the benefit to the snail of having this type of symmetry?6.
Define the term "torsion."7.
What are "pulmonates"? Give two examples of pulmonates.8.

K.

On his or her own paper, each team member should write a one- to two-paragraph
summary of this experiment. Be certain you include the following information: (1) purpose of
the experiment, (2) major findings, (3) whether the hypothesis was supported by the data
collected, (4) possible explanations for your findings, (5) recommendations for further study
and/or for improving the experiment.

L.
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Biome Powerpoint Presentation Gradesheet

(Download the MS Word version of this document.)

Each number below corresponds to an individual slide and must be included in your powerpoint
presentation (except for #4 and #5, which include 4 slides each). Also, next to each slide
description is the amount of points that each slide is worth. When a slide requires a picture, your
group can find one on the Internet (usually takes longer) or scan one from a book/magazine.

TITLE PAGE: Slide must include the title of your powerpoint presentation and the names of
all your members. (2 pts.)

1.

GENERAL DESCRIPTION OF BIOME: (6 pts. for description, 3 pts. for map) Must include
a general description including locations worldwide and must include the use of a global
map in some way.

2.

CLIMATE DATA FOR YOUR BIOME: (graph 6pts., data 3 pts.) Your climate data must be
presented in a graphical format: table, graph, etc. If you do not include this data in a
graphical format, you will not receive any credit in this section. Make sure that your data
points are easy to read/understand.

If terrestrial, your biome must include the air temperature ranges during the year in
degrees Celsius. Ask your teacher how to convert from Fahrenheit to Celsius. Also
included must be the amount of rain your biome receives during the year, by month.

a.

If aquatic, your biome must include water temperature ranges during the year in
degrees Celsius. Also included is the depth range in meters that your biome
encompasses.

b.

3.

FLORAL/FUNGAL ADAPTATIONS: (20 pts., 5 pts. for each slide) First slide should be a
list of the typical flora found in your biome. The next 3 slides should include a description of
3 of the flora on in your particular biome with special emphasis on how these plants are
adapted for survival in your biome. Go for diversity-that is, try to find plants that have
different methods for surviving. Each slide must include a picture of the plant and the
adaptation on the picture. You can substitute one fungal adaptation for a floral if you like.

4.

FAUNAL ADAPTATIONS: (20 pts., 5 pts. for each slide) First slide should be a list of the
typical fauna found in your biome. The next 3 slides should include a description of 3 of the
fauna on 3 different slides in your particular biome with special emphasis on how these
animals are adapted for survival in your biome. Describe at least three animals and their
particular adaptations. Each slide must include a picture of the animal and the adaptation on
the picture.

Once again, strive for diversity-that is, try to find animals that have different methods for
surviving. Don't choose all mammals or all reptiles. [For aquatic biomes, you may substitute
a protist or moneran for one of the animals.]

5.

FOOD WEB FOR YOUR BIOME: (15 pts.) Include at least 8 animals and 4 plants, using
arrows to show the direction of energy flow within the food web in your biome. You can
create this diagram with a simple graphics program such as MS Paint. If you are
researching the abyss biome, there are no plants, but you must include the microorganisms
that are the producers in your biome.

If you are researching the coral reef biome, you need to include the zooxanthellae algae
that have the symbiotic relationship with the coral polyps.

6.

HUMAN IMPACT: (15 pts.) Describe the impact of people on your biome. For example:
How do we use the land? Have we affected the biome detrimentally in any way? What has
been done or may be done to correct problems caused by humans? Has the size of the
biome changed over time? Do we receive any benefits from this biome?

Include at least one photo documenting the impact of humans on your biome and this can be
presented on one or two slides.

7.

INTERESTING FACTS: (8 pts.) Find a minimum of at least four other facts that you find8.
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interesting about your biome on at least one slide. You must include 2 photos illustrating
these interesting facts.
CONCLUSION: (2 pts.) A conclusion slide to end your presentation and to thank your
audience.

9.
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Aquatic Succession

(Download the MS Word version of this document.)

Purpose

To observe the effects of nutrients on aquatic succession.

Procedure

Obtain 5 clear containers of lake/river water that already contains some algae.1.
Place equal amounts of water in each container, and make initial observations.2.
Label the containers 0, 1x, 2x, 3x, 4x.3.
Obtain a general fertilizer (liquid is best).4.
In the container labeled '0', place no fertilizer.5.
Place an amount (e.g., a teaspoon would be plenty for an average fish bowl or 2000 mL
beaker; it depends on the size of your container) in the container labeled 1x.

6.

Place twice the amount in 2x, three times in 3x, and four times in 4x.7.
Place the containers in a sunny area or under lights.8.
Observe the containers once a week for a period of six weeks; if aquatic succession is
indeed accelerated due to nutrient enrichment, the containers with the highest levels of
fertilizers should contain the most algae. There may be a level that becomes toxic. This,
too, can be used as an inquiry lesson.

9.
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Earthworm External Anatomy

(Download the MS Word version of this document.)

Purpose

To investigate the external anatomy of the earthworm. To observe the earthworm's reactions to
changes in its environment.

Materials

living earthworms
vinegar
alcohol
ammonia
ice water
warm water
hand lens
dissecting pan
dissecting needle
straw
(2) small beakers
eyedropper
cotton swab
paper towels
construction paper

Directions

All observations and answers must be written using complete sentences. Do not use the words "it"
or "they" in your answers. As always, the group number should be placed in the upper left-hand
corner of the paper, the paper should have a proper heading, and the Lab Title and Purpose
should appear on page 1 of the lab report.

Throughout this investigation, fill the eyedropper with aquarium water and use it to give your
earthworm a bath. Make sure you keep your earthworm moist with frequent baths. If its skin dries
out, it dies!

Procedures and Observations

A. Place a dry paper towel so that it covers one-half of the dissecting pan. Dampen another paper
towel with aquarium water and place it so that it covers the other half of the pan. Place an
earthworm in the center of the pan, with half of its body on the moist towel and half of its body on
the dry towel. Cover the tray with construction paper and wait a few minutes. After at least 3
minutes, remove the construction paper and observe the location of the earthworm and its
response to the light.

1. Which kind of surface does the earthworm prefer-moist or dry?
2. Explain how the earthworm's response to moisture helps it survive.
3. Does the earthworm seem to prefer light or darkness?
4. Does an earthworm's response to light have any protective value? Explain.
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B. Remove the dry paper towel and line the dissecting pan with moistened paper towels. Place an
earthworm on the paper towels and observe its segmented body, clitellum, and dorsal blood
vessel.

 

Figure 1. External anatomy of an earthworm.

5. Locate the clitellum, a thick band around the earthworm about one-third of the way down
from the mouth. This structure is part of the reproductive system. How do you think the
clitellum functions in reproduction?
6. What is the function of the dorsal blood vessel?

C. Watch the worm closely for a few minutes. Allow it to travel across the paper towel.

7. The clitellum is nearer one end than the other. Is it nearer the anterior or the posterior?
Explain how you can tell.
8. Use a hand lens to carefully observe both ends of the worm. Describe two more differences
between the anterior end and the posterior end.
9. Turn the worm over on its dorsum. Try this several times. Describe the response of the
worm.
10. Describe any color differences you notice between the anterior and posterior and/or
between the dorsum and venter.
11. Describe how the earthworm moves its body from place to place.

D. Rub your finger back and forth along the dorsal surface of the worm. Now turn the worm over
and rub your finger back and forth along its ventral surface.

12. Describe how the surface of the venter differs from the dorsum.

E. Observe the ventral and dorsal surfaces with a hand lens. You must look carefully to observe
differences!

13. What are the structures on the ventral surface, and what is their function?
14. Do you see any structures that might be eyes, eyespots or ears? If so, where are they
located?
15. Do you see any openings in the worm's body? If so, where are they located?
16. Explain how the earthworm breathes.

F. Use the dissecting needle to lightly touch the worm's body. Be careful not to injure it. Touch the
worm near its head, near its tail, and at several other places along its body.

17. Describe how the worm reacts to touch near its head, tail and body.
18. Which part of the worm's body seems most sensitive to the sharp needle?

G. Use a straw to blow on the worm. Blow on its head, near its tail, and at several other places
along its body.

19. What happens when you blow on the worm? Explain why you think the worm reacts in this
way.

H. Add some cold water and ice to one of the beakers. Add warm water to another beaker. Using
an eyedropper, place 5 to 10 drops of ice water on the head end of the worm. Observe closely.
Now add 5 to 10 drops of warm water on the head end of the worm. Again, observe closely the
worm's reaction.

20. What is the worm's reaction to cold water?
21. What is the worm's reaction to warm water?
22. Which does the worm prefer-warm or cold water?

I. Place a cotton swab in vinegar and hold it near the head and tail of the earthworm. Do not touch
the worm with the cotton swab!
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23. Describe the reaction of the worm to the vinegar.

J. Place a cotton swab in alcohol and hold it near the head and tail of the earthworm. Do not touch
the worm with the cotton swab!

24. Describe the reaction of the worm to the alcohol.

K. Place a cotton swab in ammonia and hold it near the head and tail of the earthworm. Do NOT
smell the ammonia or put your nose near the jar containing ammonia! Do not touch the worm with
the cotton swab!

25. Describe the reaction of the worm to the ammonia.
26. To which liquid-vinegar, alcohol or ammonia-does the worm react strongest? Explain why
you think this liquid has the greatest effect on the worm?
27. What do you think would happen to the worm if you touched it with one of the three
liquids? Do NOT try this!

L. Return the earthworm to its storage container.
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Ecosystem Observations

(Download the MS Word version of this document.)

Purpose

To observe an ecosystem in its entirety.

Procedure

Obtain something that will define an area (hula hoop, square foot PVC plots, 4 flags with
string, etc.)

1.

Place the 'area' in a place that will not be disturbed.2.
Get down and observe your area; record

Observations of soil, rocks, erosion, etc.
Observations of insects (types, numbers)
Observations of plants (types, numbers)
Observations of animal evidence (tracks, scat, etc.)
Observations of human effects (litter, tracks, etc.)
Observations of dead matter (leaf litter, etc.)

3.

Repeat observations once a month throughout the school year ideally (allows students to
actually record the changes over the seasons).

4.
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Adapt an Iguana

(Download the MS Word version of this document.)

Purpose

To determine what traits are necessary for survival in particular environments; to explain how traits
evolve.

Materials

colored pencils
paper and pen
unlined paper

Background Information

When Charles Darwin visited the Galopagos Islands, he observed many kinds of animals. In
addition to finches and land tortoises, he took extensive notes on the indigenous (native) iguanas.
One type lives along the shore and eats seaweeds. Another type lives in forests and fields away
from the shore. It feeds on leaves, berries, and cactus plants. Yet another is the world's only
marine lizard species. It lives in colonies on the lava shores and swims offshore to feed. All types
evolved from the same ancestor. The ancestral lizard may have looked like the South American
iguana pictured on the next page.

Procedure

Working with a partner, trace the ancestral lizard lightly in pencil on the unlined paper. Your
group will be assigned one of the following environments: deciduous forest, rainforest
canopy, tundra (alpine or Arctic), African savanna, desert, river ecosystem, lake
ecosystem, coniferous forest, coral reef, intertidal zone (including tidal pools), estuary or
abyssal zone. Identify its habitat on your sketch as a subtitle.

A.

Change the traits of the lizard you have traced to show how it has evolved to survive in its
new habitat. Make at least three physical changes to its anatomy.

B.

Think of at least three behavioral changes that the lizard must make in order to survive in its
new environment.

C.

Give your iguana at new common name and use this for the title of your sketch.D.

Questions

Copy the lab title and purpose on a separate sheet of paper. Answer the following questions using
complete sentences. Do not use the words "it" or "they" or any other pronoun in your answer
(unless it has already been identified in your answer). When you have finished answering the
questions, staple them on top of your iguana sketch.

1. List the three physical adaptations to its environment and explain how each helps it to survive.

2. Describe how you think these adaptations must have evolved.

3. List the three behavioral adaptations to its environment and explain how each helps it to survive.

4. Explain the following statement: "Organisms do not adapt in order to survive. Organisms survive
because they are already adapted."
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Water Under the Bridge
Earth Science/Social Studies Project
Household Water Use

(Download the MS Word version of this document.)

Part 1: Recording Water Use

For one week you will be recording the amount of water used by your household. If you live in
more than one household, pick one to follow the entire time. Regular water use should be recorded
according to the following table:

item average water usage
brushing teeth with water running 6 gallons
brushing teeth without water running .5 gallons
shower, with regular shower head 7 gallons per minute
shower, low flow shower head 1.6 gallons per minute
bath 28 gallons
toilet flush, regular toilet 6 gallons
toilet flush, low water toilet 1.6 gallons
toilet flush, with dam in tank 4 gallons
dishes, by hand 10 gallons
dishwasher 30 gallons per cycle
shaving in sink 3 gallons
cooking 4 gallons/day (family of four, three meals)
cleaning house 8 gallons per week
laundry 55 gallons per load
watering lawn 8 gallons per minute
washing car/dog/boat 8 gallons per minute the hose is running

Post a chart in several convenient places in your house to record water use (bathroom, kitchen,
laundry, etc.). Encourage all members of your family to mark all water use. Subtotal or change out
the sheets daily and record the usage per category per day. Be sure to include any extra activities
like watering the lawn or washing the car.

Part 2: In Science

Bring all of your data sheets to science class. In science you will be asked to calculate an entire
cities water use utilizing your figures. You must have raw data sheets, daily totals, and final
amounts for your household before you come to science to participate in this lab.

Part 3: In Social Studies

Write an essay for your social studies class using your own water use projections for a modern
city and compare modern issues to those facing ancient civilizations.

Part 4: Water Use Rubric
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Household Water Usage Gradesheet

Not
present Poor Below

average Adequate Above
Average Excellent

Written component:       
What you did 0 4 6 7 8 10
What you saw 0 8 12 15 17 20
Ideas for conservation 0 4 6 7 8 10

Graphs       
Pertinence, logic,
thoroughness 0 8 12 15 17 20

Neatness, labels, format 0 4 6 7 8 10

       
Raw Data       
Present, in presentable
format (readable) 0 12 18 22 25 30

Total       
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Evaporation and Condensation

(Download the MS Word version of this document.)

Part 1: Evaporation

Problem: What effects does evaporation have on the temperature of its surroundings?

Hypothesis: How do you think that evaporation will affect the temperature of the surface from
which the liquid is evaporating?

Procedure:

Trial 1. Wipe an alcohol pad across the back of your hand and the hands of each person in the
group. Report how your hand feels in your observations.

Trial 2. Repeat the above, but this time, blow across the surface of your hand. Report how this
feels, especially in relation to the first trial, in your observations. Did the air passing over your hand
in trial 2 increase or decrease the speed of evaporation?

Questions:

1. Does alcohol gain or lose energy when it evaporates?

2. Name two variables that affect the rate of evaporation.

3. In what way do winds affect evaporation of ocean water?

4. State two reasons why areas of water heat up more slowly than areas of land when both
surfaces receive an equal amount of sunlight.

Part 2: Condensation

Problem: If humid air is cooled, how is the water vapor affected by the drop in temperature?

Hypothesis: If the air surrounding a beaker of water is cooled, what do you think will happen to
the water vapor in the air?

Procedure:

Trial 1. Fill a beaker about halfway full of tap water and add some ice. Watch the outside of the
beaker for changes occurring to the water vapor in the air surrounding the beaker. Record your
observations.

Trial 2. Fill a beaker with water. Record the temperature. Add a moderate amount of ice to the
beaker. Record the temperature of the water in the beaker when water vapor begins to condense
on the outside of the beaker.

Questions:

1. What happens to a gas when it is cooled?

2. If the temperature at which the water begins to condense is called the dew point, what is the
dew point in the classroom today?

3. If the air in the room was more humid, do you think that the dew point would be higher or lower?

4. As humid air rises and adiabatic cooling occurs, what may happen to the water vapor in the air?
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5. If condensation is the true opposite of evaporation, how does condensation affect the
temperature of the air from which the water is condensing?
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Scuds on Drugs

(Download the MS Word version of this document.)

Purpose

To observe the internal and external anatomy of a scud; to observe the effect of common over-the-
counter drugs on the heart rate of scuds.

Materials

Scud sp.
compound microscope
depression slide and coverslip
eyedropper
beaker with drug solution
* beaker of aquarium water
* 5 mg of either aspirin, ibuprofen (Advil), acetaminophen (Extra Strength Tylenol),
acetaminophen and diphendydramine (Extra Strength Tylenol PM), or acetaminophen and
caffeine (Aspirin-Free Excedrin) dissolved in 500 ml of spring water (or aquarium water)

Directions

While the Technician goes to the supply station and prepares a wet mount of a scud, the Recorder
should copy the lab title, purpose and team members' names and jobs on the lab report. Place the
group number in the upper left-hand corner of the paper. Be certain to answer all questions using
complete sentences; do not use the words "it" or "they" in your answers. Instead, restate the
question in your answer.

Background Information

Scuds of the order Amphipoda are arthropods that are approximately 5-20 mm in length. They are
of immense importance in the ecology of ponds because they often occur in vast numbers and
feed on tiny algae and bacteria, and in turn, are preyed upon by a host of organisms including
hydra and small fishes. They are good subjects for laboratory experiments because, even though
their bodies are encased in shells, their carapaces are transparent, allowing you to see their
internal body functions. In this experiment, we will first observe the anatomy of the scud. Then we
will add a dilute solution of an over-the-counter drug to the scud to observe the effect of the drug
on the heart rate.

Procedure

A. Focus the scud slide under low power. Since you are not yet using a coverslip, do NOT attempt
to focus on high power as this could get the lens wet. Have each group member observe the head,
which sticks out of the carapace, and count its antennae.

1. What is the dark spot on the head and what is its function?
2. How many pairs of antennae are found on the scud's head?
3. What are two ways that a scud might use its antennae?
4. Observe and accurately describe the movement of the scud.

B. Have each group member look at the scud and count its legs.

200



5. How many pairs of legs does the scud have?
6. What are two possible functions of the legs?
7. To which class of arthropods do scuds belong? List three physical traits that support your
answer.

C. Have each group member observe the digestive tract. It is a long tube that curves forward from
the mouth and then bends back in a straight line through the body, turning downward again at the
end of the body to the anus. If you are patient, you can see the waves of contraction of the gut
which help mix up the food and push it along the digestive tract.

8. What is the function of the anus?

D. Above the gut, just behind the head, you will be able to see the oval-shaped heart and, just
behind the heart, the brood chamber. At almost any time you will see developing eggs or embryos
in this part. You may even be able to see the hearts of the more advanced embryos beating. Scud
have an interesting and somewhat complex life cycle. Usually, all the eggs they lay are unfertilized
and result in offspring that are exclusively female. When they hatch, they remain in the brood
pouch for a day or two feeding on a secretion produced by the mother. Then the space between
the two sides of the shell widens and the offspring squeeze through the gap to begin life on their
own. When the environment becomes unfavorable, however, such as during a severe drought or at
the onset of winter, scuds lay eggs and some of these hatch into males. Males are smaller than
females and have longer antennae. After mating, the female produces thick-shelled eggs that are
contained in a compartment until the female molts. The compartment then sinks to the bottom
where the eggs remain dormant until favorable conditions return; then they hatch into females that
lay many summer eggs.

9. How many eggs or embryos are in the brood chamber?
10. What is the advantage of producing an almost entirely female population?

E. Look again at the heart. You will be able to see the blood flowing up the back toward the heart.
When scud are in highly oxygenated water, their blood is clear. But in badly oxygenated water,
their bodies make hemoglobin to assist in the uptake of oxygen. Hemoglobin causes their blood to
have a pink or reddish color. Observe the flow of blood through the body.

11. Has the scud been living in a low-oxygen or high-oxygen environment? Explain your
answer.
12. Is the scud circulatory system an open or a closed one? Explain how you determined your
answer.

F. Add the coverslip to the slide. You may need to add another drop of water if the slide has dried
out a little. Count the number of times the scud's heart beats in 10 seconds (the Technician should
count and the Maintenance Director should use the stopwatch). Convert this number to the number
of beats per minute. Repeat this procedure two more times. Calculate the average heart rate of
the scud.

13. What is the average heart rate per minute of the scud? [Show how you calculated the
average rate.]

G. Read these instructions completely before beginning: Place the scud in the solution given you
by your Instructor. Note the time! You will test the heart rate of this scud at three different times:
the first test will be 5 minutes after placing it in the solution. When you have determined the
average heart rate of the "drugged" scud, return it to the solution and wait another five minutes.
Test the heart rate again, and again return it to the drugged solution. Wait another five minutes,
test its heart rate, and this time return the scud to a drug-free solution. While you are waiting, you
should answer the following questions.

14. At what time did you place the scud in the solution?
15. What solution is your group testing on the scud?
16. What effect do you think this solution will have on the heart rate of the scud?

H. After 5 minutes, remove the scud and place it on the slide, covering it with the coverslip. Each
group member should take turns determining the heart rate of the scud by counting the number of
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beats in 10 seconds and then multiplying by six to find the heart beats per minute. When you are
finished counting the heart rate of the scud at 5 minutes, 10 minutes and 15 minutes in the solution,
IMMEDIATELY return it to the drug-free solution indicated by your Instructor.

17. At what time did you observe the heart rate of the "drugged" scud?
18. What is the average heart rate per minute of the scud that has been exposed to the drug
for 5 minutes? [Show how you calculated the average rate.]
19. What is the average heart rate per minute of the scud that has been exposed to the drug
for 10 minutes? [Show how you calculated the average rate.]
20. What is the average heart rate per minute of the scud that has been exposed to the drug
for 15 minutes? [Show how you calculated the average rate.]

Conclusions

21. In the experiment involving the over-the-counter drug, what is the problem question?

22. What is the independent variable in this experiment?

23. What is the dependent variable in this experiment?

24. What is the control?

25. Was your hypothesis proved correct? What is the effect of the drug on the heart rate of the
scud?

26. Describe one procedural change that you could make in this experiment that might improve the
accuracy of your experimental results.

[printer-friendly]
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What Variables Affect the Motion of a Pendulum

(Download the MS Word version of this document.)

What exactly is a pendulum? (pèn´je-lem) A pendulum is a mass suspended from a fixed point so
that it can swing in an arc. The length of a pendulum is the distance from the point of suspension to
the center of gravity of the mass. The period is the time it takes to complete one swing. A bob is
the mass hanging at the end of a string.

Objective

The students will discover which variable affects the period of a pendulum. Students will identify
dependent variable, independent variable, and constant for each section of the lab.

Materials

string
washers
pencil
ruler
stop watch

Problem

Which variable, mass, length of string or angle of release, affects the period of a pendulum?

Hypothesis

We believe....

Procedure

1. Measure 30 cm of string using the ruler in your science notebook.

2. Tie one washer onto the length of the string. Tape the other end of the string to your pencil and
balance pendulum off the edge of your desk.

3. Pull washer back to 45 0 and release washer. Measure time to complete 10 periods. Record
data.

Angle of
Release

Time for 10 periods
(sec.)

Time for 1 period
(sec.)

Average 1 period
(sec.)

45        
30        
15        

Now repeat the procedure for the other variables you are testing (mass and length of string).
Record data in a 2 new data charts on your lab sheet. Be sure to do three trials for each variable.

Graph only the data that shows which variable controls the period of the pendulum.
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Questions

1. List the following for all 3 sections of your experiment:

Dependent variable

Independent variable

Constant

2. What is a "control" in an experiment? Why is this important?

3. You did several trials for each variable. Why was this an important part of the lab?

4. What is the conclusion of your lab group? Was your hypothesis correct?

[printer-friendly]
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Describing a New Species of Life

(Download the MS Word version of this document.)

Purpose

To apply many learned ideas and concepts of ecology, classification, and biological diagrams in a
creative manner.

Material

paper
pen
pencil
color pencils
unlined paper

Introduction

You are a famous ecologist, working with your equally esteemed and famous partner, returning
from some far and remote location. During your travels, you both co-discovered a new species of
life. Upon your return, you both prepare a scientific report on the newly discovered life form to
present to your research peers.

Procedure

Discuss with your partner the characteristics of your newly discovered organism. You should take
notes of your ideas. You may want to review your homework readings: Biotic Relationships,
Population Growth, Characteristics of Living Things and Analyzing Predator/Prey Relationships.
After you and your partner have agreed on the general characteristics of your organism, you will
need to write up your report.

Your report will include each of the following sections:

NAME OF SCIENTISTS: Your two names.A.
TITLE OF SCIENTISTS: Your academic credentials and area(s) of research. Make it up!B.
PROPOSED SCIENTIFIC NAME OF ORGANISM: Scientific name of your organism using
proper binomial nomenclature (underlined, etc.).

C.

CLASSIFICATION OF YOUR ORGANISM: Classify the organism down to species including
its Kingdom, Phylum, Class, Order, Family, Genus, and Species.

D.

PHYSICAL DESCRIPTION/CHARACTERISTICS AND BEHAVIORS OF ORGANISM: Make
a list and describe 10 physical and 5 behavioral characteristics of the organism. The
physical ones will match your biological diagram. Include its size, shape and notable
characteristics. Examples of behavioral characteristics may include: feeding, mating,
territorial defense, seasonal behaviors (such as hibernation, migration, estivation, etc.),
rearing of young, etc.

Describe the behaviors objectively and not subjectively.

E.

ADAPTATIONS: An adaptation is a behavior or characteristic that helps an organism to
survive in its environment. Taking five (5) of the characteristics described in the previous
section, make a list of the characteristics and describe how they most help your organism

F.
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to survive in its environment. Explain why each trait helps the organism to survive within its
environment.
MEANS OF ENERGY INTAKE/FEEDING STRATEGIES: What does your organism do to
get its energy? Does it eat? Does it absorb energy from the sun by means of
photosynthesis? Is it chemosynthetic (obtaining energy from chemicals in the environment
like some species of bacteria)? Also, in your description, define whether the organism is
HETEROTROPHIC or AUTOTROPHIC.

G.

REPRODUCTIVE STRATEGIES: How does the organism reproduce at the cellular level?
With sperm and egg? By other means? The teacher is not looking for any obscene
descriptions here but just a description of what is happening at the cellular level. If sexual
reproduction, you can include whether fertilization (sperm finding egg) is internal (like in
humans and other mammals) or external (like in fish, amphibians, etc.). In internal
fertilization, the sperm fertilizes the egg within the females body. In external reproduction,
the fertilization occurs outside the female's body. Does your organism reproduce asexually?
Can it make clones of itself?

H.

DESCRIPTION/CHARACTERISTICS OF ORGANISM'S HABITAT AND ENVIRONMENT:
List the characteristics of the environment/habitat where the organism lives. What is
average temperature? What is average amount of rainfall? What type of biome is it: tropical
rain forest, tidal pool, desert, etc.

I.

DESCRIPTION(S) OF INTERRELATIONSHIPS WITH OTHER ORGANISMS: What sort of
relationship does the organism have with other organisms in its environment? Does there
seem to be any competitive relationships with other organisms? Does your organism have
any predators? Is the organism a predator? Your organism must be in a symbiotic
relationship (mutualistic, parasitic, or commensalistic) with at least one other organism.
Describe the type of relationship and include a small diagram with each organism labeled.

J.

Your report will also include:

BIOLOGICAL DIAGRAM OR ORGANISM: On a separate sheet of paper, draw, color and
label, according to the rules of a biological diagram, a diagram of your organism with the 5
adaptations you described earlier labeled.
DIAGRAM OF ORGANISM INTERACTING IN ITS FOOD WEB: On a separate sheet of
paper, draw, color and label a diagram (does not have to be a biological diagram but it
must be neat.) Be sure to show the arrows in the food web, indicating flow of energy. Your
food web diagram must include pictures/diagrams of at least five (5) other organisms.

Your report must include:

Written or typed report with sections A-J completed. (60 pts.)
Biological diagram of organism (20 pts.)
Food web diagram (20 pts.)

That is a total of 100 points.

Your report will be graded by neatness, thoroughness, and creativity.

[printer-friendly]
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Science TEKS

These files contain the TEKS requirements for science and explanations for how Lighthouse meets
those requirements.

Introduction to the Texas Essential Knowledge and Skills (TEKS) Charts
Biology
Chemistry
IPC
Physics
Middle School (Pre-AP*)
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Introduction to the Texas Essential Knowledge and
Skills (TEKS) Charts

The goal of the Texas Essential Knowledge and Skills (TEKS) chart portion of this Web site is to
coordinate the TEKS with information covered and skills needed in the AP* courses. Being
required to teach the TEKS should not be seen as a hindrance to a Pre-AP* program. The proper
mixing of the TEKS and Pre-AP strategies should provide a stronger background for Texas
students to prepare them to be successful in AP courses, college, and life.

These charts will help you to integrate the TEKS with the necessary skills for AP science courses.
It may allow teachers to better plan their time and focus on the most important areas.

We have chosen to categorize the TEKS as to the amount of time and emphasis that we feel
needs to be placed on each in a Pre-AP course. Some TEKS are minor topics that could be
covered in a few days or less or are a repeat of topics heavily covered in earlier years. We have
used a normal font to distinguish these low emphasis TEKS. TEKS that we feel should receive
considerable time but were still not to be a major part of the course are designated with italic font.
TEKS in bold font are those that we feel should be a major emphasis in our course. Considerable
time and depth are desirable on these topics. These should be revisited multiple times in Pre-AP
courses.

In IPC and biology, we have placed a column that designates the TEKS that are officially tested on
the TAKS test. In all courses, we included columns that indicate whether a TEKS is tested on a
designated AP exam.

The Examples/Activities column gives Pre-AP level activities appropriate to the designated TEKS.
Released AP exam questions are cited next to appropriate TEKS. Many of the free-response
questions should be available on the College Board's Web site. Although these questions may not
be appropriate in their entirety for all levels of Pre-AP students, they are cited to give the teacher
an idea of the eventual desired end product of their students' study of this topic at the AP level.
Teachers may find that these questions can be rewritten at the proper level for their Pre-AP
students. Some teachers will find that these questions are already at an appropriate level and may
be used in part or in whole in a Pre-AP course.

Early exposure to actual AP questions can result in increased student success, increased student
confidence, and increased student enrollment in AP courses.

The commentary section provides more specific information about the levels to which the TEKS
should be taught in a Pre-AP course and other helpful information.
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er
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s o
f a
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em
en

t u
si

ng
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e 
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od
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e 
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d 

m
ak

e 
in

fe
re

nc
es
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ut
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 c

he
m

ic
al

 b
eh

av
io
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W

or
ld

 o
f C

he
m

is
try
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id

eo
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er
io

di
c 
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bl

e 
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r G
ro

up
 I 

m
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• 

G
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di
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f t
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 p
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c 
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at

io
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ou
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 b
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ud
ed
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ci

en
ce

 c
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ce
pt
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e 
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ud
en
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t e

ne
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y 
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rm
at

io
ns

 o
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g 
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al
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r c
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m
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al
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s e
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ec
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 d
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g 
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at
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r b
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 a

ci
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at
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ch
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ge
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 c
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al
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 d
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sh
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 b
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n 
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ei
r o

w
n 
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b 

da
ta

) s
uc

h 
as
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c 

he
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, c
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or
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et
ry
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th
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m
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he

m
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m
et

ry
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es
s’

s 
La

w
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ts

 o
f f

or
m

at
io

n,
 

en
tro

py
, a

nd
 fr

ee
 e

ne
rg

y.
 

(C
) m
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su

re
 th

e 
ef

fe
ct

s o
f t
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 g

ai
n 
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 lo

ss
 o

f h
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t e
ne

rg
y 
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 th

e 
pr

op
er

tie
s o

f s
ol

id
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liq
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ds
, a
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es
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 d
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m
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A
P 

C
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m
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 sh
ou
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 d
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a 
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an
ge
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b 

w
ith
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 c
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cu
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o 
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m
e 
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m
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m
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 c
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e 
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en

t k
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w
s t
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t a
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m
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 st

ru
ct
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e 
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in
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r c
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w
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le
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n 
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 p
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s. 

Th
e 

st
ud

en
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/ b
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e 
sp

ec
tra

) 

 

220



 
4

TE
K

S 
* 

= 
TA

K
S 

ob
je

ct
iv

e 
(te

st
ed

 fo
r)

 
√ 

= 
TE

K
S 

th
at

 a
re

 te
st

ed
 o

n 
A

P*
 e

xa
m

s 
B

ol
d 

= 
hi

gh
 e

m
ph

as
is

 o
n 

A
P 

ex
am

(s
) 

Ita
lic

s =
 m

ed
iu

m
 e

m
ph

as
is

 o
n 

A
P 

ex
am

(s
) 

Pl
ai

n 
= 

lo
w

 e
m

ph
as

is
 o

n 
A

P 
ex

am
(s

) 
“s

uc
h 

as
…

” 
in

di
ca

te
s a

 li
ke

ly
 te

st
 it

em
 

AP BIOLOGY 

AP CHEMISTRY 

AP  PHYSICS 

AP 
ENVIRONMENTAL 
 SCIENCE 

Ex
am

pl
es

/ 
A

ct
iv

iti
es

 
 

C
om

m
en

ta
ry

 

• 
20

00
 A

PC
H

EM
 q

ue
st

io
n 

#7
 

(A
to

m
ic

 st
ru

ct
ur

e 
w

/is
ot

op
es

, e
le

ct
ro

n 
co

nf
ig

ur
at
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 e
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) d
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H
Y
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io
n 

#7
 

(P
ho

to
n-
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n 
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A
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, B

et
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m
a 
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• 
It’

s B
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* 

A
lth

ou
gh

 n
ot

 te
st

ed
, 
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ud

en
ts

 e
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 le

ar
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ng
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ou

t q
ua
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s a
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th
er

 
su
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m
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 p
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le

s 
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es
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 p
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, n

eu
tro
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d 
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). 
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op
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n 
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em
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de
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rm
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e 
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e 

re
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p 
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n 
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e 
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ot
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e’

s s
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d 
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ap
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at
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 a
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H

Y
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 d
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) 

• 
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H

Y
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(N
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m
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 d
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m
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 p
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di
c 

ta
bl

e 
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de
rs
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nd

 th
e 
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nc

ep
t o

f p
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io
di

ci
ty
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 sh
ou

ld
 le
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n 
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 p

er
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di
c 
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nd

s a
nd

 b
e 
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 to
 

ex
pl

ai
n 
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nd
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n 
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tro
ne

ga
tiv
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, 

io
ni

za
tio

n 
en

er
gy

, 
el

ec
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n 
af

fin
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, a
to

m
ic

 
an

d 
io
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c 

si
ze

, a
nd

 m
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or
 

ex
ce

pt
io

ns
 to
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e 
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s. 
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en
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 c
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e 
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en
t k
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w
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in
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en
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e 
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 o
f g
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. T
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en
t i

s e
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te

d 
to
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(A
) d

es
cr

ib
e 

in
te

rr
el

at
io
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m
on

g 
te

m
pe

ra
tu

re
, p

ar
tic

le
 

nu
m

be
r,

 p
re

ss
ur

e,
 a

nd
 v

ol
um

e 
of
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as

es
 c

on
ta

in
ed

 w
ith

in
 a

 
cl

os
ed

 sy
st

em
; a

nd
 

 
√ 

√ 
 

• 
U
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f c
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 d
et
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m
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e 

C
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rle
s’

 L
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, G
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-
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’s
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’s
 L

aw
   

 

St
ud

en
ts

 sh
ou

ld
 b

e 
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le
 to

 
us

e 
an

d 
de

riv
e 

th
e 

ga
s 

la
w

s (
in

cl
ud

in
g 

G
ra

ha
m

’s
 

La
w

 a
nd

 th
e 

de
te

rm
in

at
io

n 
of

 
m

ol
ec

ul
ar

 m
as

s u
si

ng
 g

as
 

da
ta

). 
(B

)  
ill

us
tr

at
e 

th
e 

da
ta

 o
bt

ai
ne

d 
fr

om
 in

ve
st

ig
at

io
ns

 w
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 g
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es
 in

 
a 

cl
os

ed
 sy

st
em

 a
nd

 d
et

er
m

in
e 

if 
th

e 
da

ta
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 c
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si

st
en

t w
ith
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e 

U
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al
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 L

aw
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√ 
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ud
en
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ou
ld

 b
e 
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le

 to
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e 

th
e 
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ne
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 m

ol
ec

ul
ar

 
th
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ry
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in
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in
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es

 b
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e 

m
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id
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) S

ci
en

ce
 c
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ce
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s. 

Th
e 

st
ud

en
t k

no
w

s h
ow

 a
to

m
s f

or
m

 b
on

ds
 

to
 a

cq
ui

re
 a

 st
ab

le
 a

rr
an

ge
m

en
t o

f e
le

ct
ro

ns
. T
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 st

ud
en
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ed
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 b
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va
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nt
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t b
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 m
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en

tif
y 

ch
ar

ac
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m
s i
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ve
d 

in
 c
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nd
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m
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tiv
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m
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s a
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 c
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 c
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t c
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er
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s m
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s o
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m
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m
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ul
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, p
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) d
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 b
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A
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ce
 c
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 p
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r f
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) c
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 p
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ca
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AP* Science Test Formats

Visit the College Board Web site for current exam formats.

[printer-friendly]

278



AP* Science Multiple-Choice Terminology

All of the following...are true EXCEPT

All of the following can...EXCEPT

In order of decreasing...

In order of increasing...

Which of the following BEST explains...

Which of the following does not describe...

Which of the following...is not...(choices may be used once, twice, or not at all)

Which of the following is true?

Which of the following terms includes all the others?

General Comments on AP Science Multiple-Choice Test Questions

Questions have 5 reasonable answers.

One choice will not be the opposite of another (all choices are reasonable).

There will be single and multiple concept questions.

There is a minimal number of recall questions.

Questions often involve the interpretation of graphs and diagrams.

There are often cluster questions which follow a reading or experimental information.

There are often one set of answers with several questions following. These answers may be used
once, twice, or not at all. This is usually not stated.

Many questions are followed by statements I, II, III, IV, and V.

The answer set would allow for multiple correct answers such as:

I and IIA.
II and IVB.
III onlyC.
I, II, III, and IVD.
IV onlyE.

Some questions will have the mathematical set up instead of numerical answers (no calculators
allowed in this section).

Some questions involve relatively simple calculations and estimations (without a calculator).

In AP physics, answers are sometimes given in terms of variables instead of numerical answers.

In AP chemistry, descriptive lab questions (colors, odors, solubility) are often found.

In AP biology, expect the 12 laboratory objectives to be tested.
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AP* Science Free-Response Terminology

These phrases have been used in previous AP* science tests. Using these same phrases in
Pre-AP* courses will help prepare the student for AP tests and will enhance their essay writing
skills.

Account for the fact...

Calculate...

Choose three of the following and...(from one free-response question)

Compare...

Describe...

Describe an experiment...

Describe and discuss...

Describe how to change the conditions of the experiment to...

Describe the...and explain...

Design a/an (controlled) experiment...

Determine...as a function of...

Determine the value of...

Discuss...

Draw and label...

Estimate...

Explain...

Explain and defend or refute this statement...

Explain how to calculate...

Explain how you could experimentally determine...

Explain the implications of...

Explain the meaning of...

Explain your reasoning...

Express your answer in terms of...

Graph the data...

Identify a reasonable source of experimental error and the effect it would have on your measured
value...

Identify another example of...

Indicate how...

Indicate whether...
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Justify your answer...

Justify your prediction...

List and describe...

List measurements that must be made in order to...

Make an argument for...

Outline the procedures...

Plot these data...

Propose...

Propose a hypothesis...

Provide one argument for...

Select...and describe (or explain)...

Show calculations to support your answer...

Show the setup for the calculations...

Show your work...

Sketch...

State clearly...

Summarize the pattern...

Suppose...What effect would this have on the calculated value of...? Justify your answer.

Trace...

Using principles of...

What effect... Justify...
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Writing a Free-Response Answer in Chemistry and
Physics

The following are intended to be guidelines for writing logical answers to free-response type
questions and problems. These guidelines should be taught and reinforced at all levels.

Read the question twice including the introductory comments.

Underline or highlight what is given and what is required.

Do not restate the question or write an introductory paragraph.

If there are choices provided, read each question entirely before making your choice.

Free-response questions often include multiple concepts whether mathematical or short answer.

Mathematical questions

Mathematics problems should have all work shown completely in a logical fashion.
Units should be labeled throughout the problem and especially in the answer.
When equations are used, show the equation used before numerical substitution, then write
the equation with substitution.
Relationships may be written in words rather than set up mathematically.
The final answer should be rounded to the correct number of significant digits with proper
units.
In physics, the final answer may be required to be given in terms of a given variable.

Essay questions

Essays are really very short-answer questions.
Start by answering the question and then support your answer with explanations.
Bulleted statements, equations, structures, or sketches may provide much of the answer.
Drawings are always helpful and sometimes required. For example, bonding questions in
chemistry and free-body diagrams in physics should contain drawings.
Students must address all parts of the question.
Laboratory essays may include lists of materials, labeled diagrams, procedures,
measurements to be taken, calculations to be performed, graphs to be drawn and/or
analyzed, along with error analysis.
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Writing a Free-Response Answer in Biology and
Environmental Science

Read the question twice.

Underline (highlight, outline, etc.) what the question is asking for.

Begin answering the question in the order it is written; DO NOT restate the question or write an
introductory paragraph.

If the question says to 'discuss' or 'describe'

Define the topic
Describe or elaborate on the topic
State an example of that topic

If the question says to 'compare and contrast'

Clearly state what the items have in common
Clearly state how items are different

If the question for a graph to be made

Label each axis with a name and with units
Title the graph
Scale and number the axes correctly
Use the correct type of graph (2 sets of numbers = line graph, 1 set of numbers and 1 set
of words = bar graph)

If the question asks to solve a problem (especially in APES)

Show every single step of all work
Set up problems so that labels cancel out (dimensional analysis)
Write answers with labels
If numbers are huge, use scientific notation if at all possible

If the question asks for lab design

State a hypothesis in the "If, then" format
Describe each step of a planned experiment in detail
State exactly what the controls are
Make sure to mention that the experiment uses multiple samples (50+) or is repeated
multiple times
Describe expected results

For ALL questions

Answer in complete sentences; do NOT use lists, charts, outlines, etc.
Label each section as it is labeled in the question (a, b, c or i, ii, iii)
Add a clearly labeled diagram to support your answer, but it cannot be the entire answer
For every statement you write, ask yourself "WHY." If there is an answer to that 'why' keep
on writing!!!!!
Do not answer more than what is asked for. For example, if the questions says to choose 3
out of 5 topics, ONLY answer three out of 5; e.g. if the question asks specifically about
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RNA, don't discuss DNA duplication.

Remember, time is of the essence. You have 22.5 minutes per question.
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Grading Hints for Free-Response Questions

Start early in the year writing a free response (over a simple topic) in class and going over
the rubric for it. Teaching the skill early on makes grading easier later and saves a lot of
tutorial time.
Create a rubric with positive points when you write the question.
Highlight or check off correct parts of free-response answers as you grade them; this
makes it easier to add up the points.
Grade all free-response answers at one sitting to develop a flow/pattern (this will also be
fairer to the students).
On mathematics problems, give partial credit for

set up of problem;
correct labels;
correct answer with correct label and work shown clearly earns full credit; and
hint: look for final answer; if correct, just scan that work is present.

Encourage students to separate and label each section (a, b, c or i, ii, iii); this helps them
organize their work and makes your grading easier and faster.
Go over the free-response question and rubric after grading with the entire class; this will
eliminate the need to write comments on every individual paper (and save a lot of time over
all).
Use the College Board's rubrics if you use an AP* Free Response verbatim; there is no
need to 'reinvent the wheel.'
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