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Accelerating Upward and Downward

Lab Activity

Purpose: to determine how accelerating upward and downward affects your total weight and  

                 its relevance to everyday life

Apparatus: .5 to 5 kg mass spring balance (preferably 20 Newtons)

Procedure and observations:

1) Describe in detail the trip from beginning to end the feeling you get when an elevator begins to move upward.

2) Do the same for when an elevator moves downward.

3) Hold the mass in your hand move it upward. Describe in detail the feeling.

4) Do the same for downward.

5) Attach the mass to the scale and lift it up and down and note the readings that are on the scale. Comment on them please. (It is advisable to tape the mass on so it does not fall on your foot. This could hurt.)

6) Raise and lower the mass with a constant velocity and note the change in readings.

Questions:

1) Compare and contrast the difference between an escalator and an elevator and the differences in feelings you get from each.

2) What time during an elevator ride do you feel heavier and lighter when moving upward?

3) Same question but moving downward?

4) What feeling (heavier v. lighter) do you get on a roller coaster ride at the bottom of the hill and at the top?

Archimedes’ Principle

Purpose: Part I: to verify Archimedes’ Principle -----Fb = (fluid g V 

Part I: Archimedes’ Principle

Apparatus: beaker, water, hanging spring scale (2 newton max or less), varied hanging, masses

Note: Use masses of low density. Do not use metals. Of course, use a mass that will sink.

Procedure: 

1) Take a mass (large and regular shape so as to determine the volume easily) and determine what the buoyant force on the object would be using the equation above. This will be the accepted value for buoyant force for that trial. Use items that have a low density for better accuracy.

2) Take the spring scale and carefully adjust the scale to zero and weigh the mass and record. Carefully submerge the mass in water, weigh and record. 

3) The difference in these values will give you the buoyant force of the water. Record this value as well. Do a total of 4 trials. Find the relative error of each. Make a neat table for all values.


(Water =  1000 kg/m3

Questions: 

1) Give examples and explain where error might have entered this experiment.        

      If you say human error, where? 

                               PLEASE ANSWER QUESTIONS IN GREAT DETAIL

2) Describe and give several ways that you would get more accurate results.  

      Please explain carefully.

3) What other equipment might you use to get more accurate results? How  

      could you modify the procedure or the equipment to get more accuracy?

Artificial Battery and Capacitor

Purpose: to understand the structure of a battery and to understand the structure and function of a capacitor

Procedure: 

Battery

1) Obtain an empty soup can and remove the label.

2) Remove the wood from a pencil until you reach just the pencil lead.(if you have trouble with this then just use a nail)

3) Mix flour and water together with a pinch of salt and put it in the can so that it is about ¾ full.

4) Push the pencil lead down the middle but do not let it touch bottom.

5) Using a voltmeter, measure the voltage of the device.

6) Record the voltage and any other observations.

Questions:

1) Can you determine which post is positive and which is negative?

2) Try putting the batteries in series and see if they add. They may not since these are weak batteries.

3) Do toy batteries really contain acid? If not what is it?

4) What about a car battery, does it contain real acid?

Procedure:
Capacitor

1) Obtain two sheets of foil approximately 2 cm. x 15 cm. or close to it.

2) Insert a dielectric (paper) in between the sheets and roll them so there is not contact between the two.

3) Use a power source to charge the homemade capacitor and quickly measure the voltage.

Questions: 

1) What does a capacitor do and what is its function?

2) What maximum voltage did you obtain?

3) Did the reading stay at that constant voltage? If not why was there a voltage drop?

4) What are some of the variables of a capacitor that affect the total capacitance?

5) How could you do an extension of this lab like changing of variables? EXPLAIN.

Astronomy Research Project

Background: The purpose of this project is to allow the students to be the teachers of Astronomy. The students will be broken down into groups of two and will choose one of the particular topics below. There may be three in a group in the event there are not enough topics. 

Topics:

1) The Earthlike Planets

· Moon, Mercury, Venus, Mars, satellites in orbit

2) The Outer Solar System

· Jupiter, Saturn, Uranus, Neptune, Pluto

3) Our Sun and General Properties of Stars (not the formation or death of)

4) Formation and Structure of Stars (May overlap with #3, that’s good)

5) Deaths of Stars

· low and medium mass stars, giant stars, binary systems, red giants, white and brown dwarfs,…………

6) Neutron Stars and Black Holes

7) Meteorites, Asteroids, and Comets

8) Galaxies

· with active nuclei, types of, milky way, properties, number of , number of stars in, …………

Guidelines:

1) Presentations should be approximately 15 minutes in Iength.

2) To be effective you need some type of visuals. I LOVE POWERPOINT. However do not show me a movie. Visuals are to aid the student in understanding.

3) Timeline will be 1 month. This should be ample time to get this together.

4) Two groups may not have the same topic.

5) Do not just throw out large values for distances such as 4000000000000 million miles away. Make it relevant and easy to understand. Use light years for example or if explaining the size of a star, compare it to the size of the Sun: Star-129b is 75 times larger than our Sun. Keep it simple yet in depth.

Building a Basic Speaker

(activity)

Background: A speaker is a device found in radios that converts electrical energy into sound energy. Most speakers utilize two magnets: electromagnet and a permanent magnet. The electrical signals from the radio drive the electromagnet to create a fluctuating magnetic field. The fluctuating magnetic field drives the  

permanent magnet back and forth.    

Purpose: to build a basic speaker and understand how it works

Apparatus:  3-4 meters of insulated thin wire, plastic film canister, magnets that fit in 

                     canister, styrofoam bowl, glue, small radio

Procedure: 

1) Glue the film canister to the outside bottom of the Styrofoam bowl.

2) Wrap all the wire around the canister and connect each end to a small radio.

3) While the stereo is on move the magnet back and forth in the canister. You should be getting some kind of sound.

Discussion: Discuss with the class and teacher your findings. If time permits dismantle an 

                      actual speaker and look at it carefully.                                                                                                       

Building a Simple Motor

(Activity)

Purpose: to build and understand the concepts of motors

Apparatus: small disk magnet 1 cm. diameter, C or D battery, 2 paper clips, tape, approximately 1 meter of insulated thin wire, steel wool or sandpaper

Procedure:  

1) Take the wire wrap it around your finger so that the loop is close to the same 

                          diameter as the disk magnet and leave approximately 2 cm of wire at each 

                          end. Sand the ends of the bare wire thoroughly.








2)   Obtain two paper clips and bend them as shown in the figure.


4) Tape each of the bottom ends to each post on the battery. The bare end of the coil will sit in           

       the cradle of each paper clip. Do not do this yet.



5)   Take the magnet and tape it to the battery between the paper clips.



6)   Now set the coil in the cradle. Does anything happen?

Discussion: Discuss with the class and teacher your findings. Also discuss what 

                     components are in a large motor. Also discuss how generators are related to 

                     motors.

Calories in a Nut

Background: There are a variety of forms of energy: light, motion, electricity, heat, and so forth. In food we define this energy as the Calorie. Notice there is a big C on the word Calorie. This Calorie is defined as a dietary calorie.  A Calorie (or dietary calorie) is defined as the quantity of heat it takes to raise the temperature of 1 kg of water 1 degree Celsius. An actual calorie is the amount of energy that is required to raise 1 gram of water 1 degree Celsius. So 1 dietary calorie is equal to 1000 calories. Most candy bars contain around 200 dietary calories. That means that if you eat one candy bar you are actually ingesting 200,000 calories. OUCH!!!!!! However, there is one area concerning candy bar consumption that puzzles most people. Why do so many people eat a candy bar and drink a diet soda??????

We define the energy in food in terms of heat because the quantity measured is heat produced upon burning the food. Combustion is when anything burns in oxygen. Combustion produces energy as well as carbon dioxide, water, and a few other things like carbon. Observe and note any evidence of these products produced during this lab

In this lab we will try to measure the amount of energy in Calories of two types of nuts: peanuts and almonds. You might find some of these values for the nuts in some diet books (5.18 Cal/gram for peanuts and 5.47 Cal/gram for almonds). Your body converts this energy into usable forms. Therefore, the number Calories you ingest will give you an idea of how much energy is at your disposal. Remember if your body only needs 1500 calories for a particular day and you eat a few too many candy bars that day and take in a total of 2000 Calories, then guess what, those 500 calories are going to hang around for a while. It is probably a good idea to start the lab.

Purpose: to understand the process of bomb calorimetry and its purpose

Apparatus: metal can (aluminum can is okay), assorted nuts, needle, cork, something to hang the can such as a ringstand, water, thermometer

Procedure:

1) Determine the mass of the nut to .01 grams and record.  Stick the pin in the nut and the other end in a cork so that it will sit upright.

2) Weight the empty can and then add some water till it is about half-full. Now weigh the can and water. Make sure you record all data. 

3) Set up the apparatus as shown before you light the nut and measure the initial temperature of the water.

4) Now light the nut and place the lower end of the can of water into the flame. While the nut is still burning stir the water carefully and measure the highest temperature reached once the flame goes out. Continue to make observations at this point. Using the following expression, calculate the available energy in Calories per gram of nut.

Analysis:

Calories/gram = (mass of water x (t) / (mass of nut x 1000)


Try other types of nuts: Cashews, brazil nuts, pecans, and hazel nuts. We will try it if we have time

Analysis: Set up a data table for all calculations. Determine the Calorie content per gram for each nut. Please  

                 be neat.

Questions: 

1) By now you should know this is what is known as bomb calorimetry. Would this work for all foods such as candy bars, bread, steak, ice cream, or any such high calorie foods……?

2) What did the product of the nut look like after burning? Does is look like a specific element on the periodic table.

Essay: List all sources of error. Obviously there is human error but please think beyond this.

Calorimetry

Determining Unknown Mass

Scenario: You are given a mass and told what metal it is and you want to find the mass. However, you are not allowed to use a balance or scale. Knowing what you have learned in calorimetry, devise an experiment from beginning to end how you would determine the mass. Again, no scale is allowed. Show all work and be thorough.

Purpose:     ?????????????????

Apparatus: ????????????????

Procedure: ??????????????

This is a full lab write-up from beginning to end. You need a purpose, apparatus, procedure, conclusion, data charts………..

Questions: Answer questions after the conclusion is written.

1) Obtain a scale from the instructor and determine the relative error.

2) Is there another way that you could determine the mass of this substance     

                           other than through the concept of calorimetry? Briefly explain.
Calorimetry

Heat of Fusion of Ice
Purpose: to determine the heat of fusion of ice

Apparatus: large calorimeter cup, thermometer, scale, ice, towel, stirring rod

Procedure: Remember to record all data. 

1) Weigh the large calorimeter cup and add approximately 30o water to it until it is about half  full then weigh it.  Take the temperature of the water again. This will be ti for water. 

2) Get several ice cubes and dry them off and carefully place them in the water so there is no splashing. Our goal is to lower the water to 0.1 oC as quick as possible. Add more ice if necessary until you reach 0.1 oC. 

3) Once this has been achieved, remove all of the excess ice and weigh the whole contents. As always don’t forget to subtract the mass of the cup away from the total. 

4) Do this for a total of four trials. 

5) Set up a chart to record all data, list units, and show work. Determine the heat of fusion of ice for the four trials. Determine the relative error. Heat of fusion of ice can be found in CRC or text.

                              Ice           water



Q G  =  Q L

                            mice L   =   mwater c (t      remember (t =(tf-0)






     mwater= initial water massed out






     mice=ice melted

Questions: 

1) We assumed that ice had a temperature of zero degrees. Is that always true?

2) Look at your relative error and explain where error might have had an effect on your results.

3) What would happen in this experiment if more ice were added even though the temperature was    

    close to zero. Why?

4) Could we use just straight ice when making home-made ice cream to make it freeze? Why or 

                 why not?

5) What is added to the ice when making home-made ice cream? What does it do?

6) What is latent heat?

7) If the water was at 0 oC, What would happen if ice at –5 oC was added to the water?

8) We assumed the ice was at zero degrees. If it wasn’t, how would that affect our results and    

                 explain the melting process of the ice?

9) Warm cans of soda are placed in and buried in a cooler full of ice at zero degrees. Explain in  

                  detail what is happening to the  ice,  the soda, the surroundings, heat exchanges, etc….

Calorimetry 

Specific Heat of Metals

Purpose:  to determine the specific heat of different metals and unknown solids

Apparatus:  calorimeter cup (styrofoam cup), thermometer, boiling water on hot plate, tongs,      

                     assorted metals (Cu, Zn, Pb, Al, and others)
Procedure:  

1) Fill a large beaker approximately two thirds full of water and bring it to boiling. 

2) Weigh the masses. 

3) CAREFULLY place the masses in the boiling water and let the masses set for several minutes.

4) Fill the styrofoam cup high enough with water so that the metal, when placed in the cup, would be fully submerged. 

5) Mass out the cup and water and record. 

6) Take the temperature of the water and record. 

7) CAREFULLY remove one mass from the boiling water, shake the excess water off, then place in the cup and stir. Stir until the water temperature begins to slow or stop. 

8) Record this temperature as the final temperature of the metal and water. Repeat the procedure for a total of 4 metals.

9) Do a fifth trial but this time use a rock. Boil this for a long time. Determine the specific heat for this substance as well.

Set up a data chart with all the recorded values. Determine the specific heat of each metal. Show how each was obtained by showing work on a separate sheet or at bottom (QG=QL). Also, determine the relative error of each. Accepted values for specific heats can be obtained from CRC Handbook of Chemistry and Physics or from book.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


Questions: 

1) Explain (in detail) how and why metals, water, and other materials are affected        

               differently in regards to temperature when set in the sun. 

2) How does the specific heat of an object factor in when warming the object?

3) Compare the specific heat of water with other material.

4) Explain how the specific heat of water plays a part in seasonal activities such  

               as swimming. 

Calorimetry

H2O to H2O

Purpose: to experimentally determine the final temperature of water and the proper way to  

                 present data

Apparatus: hot plate, calorimeter cups (styrofoam), thermometer, scale

Procedure: 

1) Weigh cups and record.  

2) Mass out two cups of water with different temperatures and record. At least a 25 oC differential would be good. 

3) Measure the temperature of each. Record all values on a table. 

4) Combine the two into a larger cup and determine the equilibrium temperature. Record the values. 

5) Determine theoretically what equilibrium value you should obtain. Use this value as your accepted value and determine the relative error. Do a total of four trials.  Draw a table and write the values in. 

Note: When figuring values theoretically, show all work at the bottom. A considerable amount of points will be deducted if no work is shown.

Neatness will be a part of your grade as well.

Cartesian Diver

Purpose: to understand the principle of the Cartesian diver

Apparatus: 2 liter bottle, small nut, plastic pipette
Procedure:

1) Bring an empty two-liter soda bottle with cap.

2) Obtain a plastic pipette (dropper) from your instructor.

3) Carefully remove 90% of the shaft of the pipette and attach a mass (small nut) to the remaining shaft.

4) Fill the two-liter bottle to the top with water. 

5) Draw enough water into the dropper so that it barely floats.

6) Carefully put the dropper in the bottle and put the cap on.

7) Now squeeze the bottle and watch the diver dive.

8) You may choose make a second diver but add a small metal hook so that it loops around the top. Add enough water so that this one barely sinks.  Also add a small hook around the diver so that it loops around the bottom. Insert both in the two liter and now try to hook the two.

Question: 
1) Whose principle are we demonstrating in this experiment?

2) Explain this principle and give two relevant examples.

Centripetal Force

Purpose:  to apply and verify the centripetal force equation

Apparatus: various masses of stoppers, Hollow tube 15-20 cm long, string 1-2 meters long, 

                    Masses of 100 to 200 grams, meterstick, paper clip

Procedure: 

1) Set up a centripetal force system as indicated in the picture. 

2) Tie a medium size stopper at the end of the string and thread the cord  

    through the tube.

3) Place a hanging mass at the other end of the mass. Have between .5 to 1  

    meter of length between the hollow tube and the stopper. 

4) Place a paper clip between the hanging mass and the tube. This will be a  

    guide. Make sure you know where the paper clip is to be positioned. 

5) Measure the length between the tube and stopper. This will be your radius.  6) Begin spinning the stopper by the hollow tube until the paper clip is in 

    constant position and where it was intended to be. Have a classmate time the  

    spinning stopper and determine the time in seconds it takes for 25  

    revolutions. 

7) Do a total of four trials. Vary the mass of the stopper and the 

    radius for each trial.

	data
	
	calculations
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Questions: 1) According to your results, did the observed values seem close to the actual?

                  2) State specifically where error might be involved. If you say human error, where     

                      would that be?

Collecting and Organizing Data

 Purpose:  to collect and organize data as well as determining the number of significant  

                  figures within a specified set of data. 

Apparatus: two measuring devices with different sig fig measurements, shotput, 

Procedure: The student will measure out an approximate distance (10 m) using a tape measure and measure to the correct number of sig figs. (It is suggested using a different measuring device that measures a different number of sig figs than the one being used to measure the shot-put distance.) This will denote the accepted value for the data. Have approximately 10 students throw a shot put at that marker and take a measurement and collect the data to the correct number of sig figs.  Also in the data, determine the absolute error and relative error.

AP – alternative

1) Measure 6 ft. above the ground and have students throw darts at a target. Measure the height, from the ground, of the darts. These values will be the observed ones.

Or

2) Use a bow and arrow in place of the above dart(be creative and of course DO THIS OUTSIDE).

DO NOT STAND  IN FRONT OF THE TARGET WHILE THE DART IS THROWN OR WHILE THE ARROW IS BEING SHOT!  Arrows and darts are sharp and can result in injury. Neither the author, school, nor publisher of this manual or lab is responsible for students who do this.(or any other stupid act that might result in injury-however funny it might be)

Cooling Coffee

(Design an Experiment)

Question: I buy a cup of coffee at Dunkin Donuts. It takes me 10 minutes to get home. I like my coffee hot. Should I put cream in right away, before I leave for home, or should I wait until I get home? Newton’s Apple claims that putting the cream in right away will ultimately result in hotter coffee than if the cream is put in at home.

Purpose: To allow the student to design an experiment and to verify our hypothesis

Apparatus: ????????????????

Hypothesis: ??????????????????????

Design Experiment: ???????????????????????????
Result? Is the hypothesis substantiated or not? If so, what about the cream retards cooling?

Extension: 

1) After performing this experiment, are there other experiments you could design or could you test other aspects as well. EXPLAIN.

2) Propose a hypothesis for two other testable items.

This is a full write-up so please be thorough in everything

Densities of Liquids, Significant Figures, and Graph Interpretation

Purpose: collection of data, graphing, and interpretation of it.

Materials: alcohol, water, salt water, oil, or any three liquids with different densities (one 

                  needs to be water), graduated cylinders, balance 

Procedure:

1. Mass a 50 mL or 100 mL graduated cylinder. 

2. Add 10.0 mL liquid A; mass. [Note: volumes can vary, but must be known exactly.] 

3. Add 10.0 mL more of same the liquid; mass. Repeat up to 50.0 mL. 

4. Clean your graduated cylinder, then dry it. 

5. Repeat Steps 1 - 4 for two other liquids. 

Analysis: 

1. Make a data table for the data collection

2. Plot mass (y) vs. volume (x) for all liquids. (3 graphs and use graph paper)

3. Calculate the slope of each line. 

4. What does the slope of this graph represent? 

5. What are the units to the slopes?

6. Define the term interpolation.

7. Estimate by interpolation the mass of each liquid at 17.0 mL, 28.0 mL, and 44.0 mL using   

    your graph. 

8. What is the accepted density value of water? What was your density for water?
Density of a Solid

and Working with Significant Figures
Purpose: to determine the density of several solids and to work with significant figures (sig figs)

Apparatus: several rectangular solids, metric ruler, balance, pennies

Part I

Procedure: 

1) mass out a solid and record to the correct sig figs

2) measure the edges of the solid and record to the correct number of sig figs

3) use a straight edge to make a table record all data

4) Determine the density of each solid and record

Density:  D = M / V

MAKE SURE ALL COMPUTATIONS ARE PERFORMED TO THE CORRECT NUMBER OF SIG FIGS

Questions: 

1) Suppose you had a very irregular shaped object that you could not measure with a ruler. How would you determine the volume of the substance?

2) Did all the solids that were made of the same material have close to the same density?

Part II

Apparatus:  20 pennies before 1979 and 20 pennies after 1981

Procedure:

1) Mass out 20 pre-1980 pennies and record.

2) Mass out 20 post-1980 pennies and record.

3) Determine the volumes of each by water displacement.

4) Determine the density of each set.

Questions:

1) Did you see a difference in the density of the two sets of coins? Why is that?

Extension: Using tongs hold a pre 1980 penny over an open flame source and observe. Place the penny in water to cool. Now place a post 1980 over the flame and observe. Add observations to your lab.

Determining the Density of Water by Trial and Error

Purpose: to understand the relationship of density and buoyant force and to gain a better 

               understanding of Archimedes’ Principle

Apparatus:  raw egg, big beaker, salt, airtight and empty film canister, sand 

Procedure:

Part I

1) Obtain a film canister and measure the dimensions (it’s a cylinder) to very precise readings and determine the volume. You must get this as close as possible. This will be your volume for the rest of the lab.

2)  Mass out the canister and determine the density. Observe and see if it floats. I am sure it doesn’t.

3) Dry it off good, open it up and add some sand. Mass it out. Determine the density as you go along. Observe and see if it floats (or sinks).  Make a visual observation and record an estimate on how much is above and below the water surface percentage-wise.

4) Continue #3 until, in your opinion, it neither sinks nor floats. If you have to subtract sand that is okay.

5) Record every single trial you are doing until you reach #4. 

6) Put all data neatly in a data table along with all computations and observations.

Questions: 

1) At what density did the device seem to “hover”?

2) What does floating or buoyancy have to do with density?

3) In your own words, what does Archimedes’ Principle state? Give three real world examples of this principle. Please do not ask me for this one.

4) Would a helium balloon float in a vacuum? EXPLAIN.

5) What is specific gravity?

Part II

1) Place a raw egg in a beaker of water.

2) Add salt and continue to stir. Observe what happens to the egg.

3) By now you should see the egg floating.

Questions:

1) What can you do to get the egg to sink again?

2) Will a ship float higher in an ocean or a lake? WHY?

3) It is said that to increase oil production, engineers will flood oil wells with salt water. WHY?

4) What is unique about the Dead Sea? Why does it have this property?

Differing Densities of Water

Background: By dyeing ordinary tap water we can see the difference in the densities of both hot water and cold water.

Note: The lips of each flask must match. Erlenmeyer flasks would work perfect. Do this over a sink or large tray; you possibly will lose some water on this. 

Procedure: 

1) Add several drops of red food color to each of two containers; these will be filled with warm water. (If tap water is not warm, heat some tap water on a hot plate to about 50 °C. It does not have to be exact.)

2) Fill two other containers with cool water. Add some ice if it needs to be cooler. Now add several drops of blue food coloring to this sample. Make sure the red and blue coloring are mixed in well with all of the containers. 

Predict the outcome when one flask is inverted over the other.

3) Place a piece of cardboard paper container filled with warm water. Invert the flask and make sure you hold the card in place. Carefully place it on top of one of the cool water flasks. Carefully remove the card. Do not release the top flask it will more than likely fall.

4) Now place a card on top of the cool flask. Invert the flask and follow the same process as above. 

RECORD ALL OBSERVATIONS. OBSERVATIONS ARE THE KEY TO THIS LAB!

Questions:

1) Which is less dense cold water or warm?

2) What is convection?

3) What happens when a lake turns over? Can the average person tell it by drinking it?

4) What time of the year is it when this happens?

5) How does the layering of cold and warm water affect the temperature swimming pool? In other words does it have a constant temperature throughout? EXPLAIN.

6) By now you should know that warm water is less dense and goes to the top.  Suppose that the densities were totally reversed. What would be the effect on the boiling of water? EXPLAIN.

7) As a takeoff of #6 would it have an effect on lakes or streams? If so, how?

Determining Gravity

Purpose: to determine the value of acceleration due to gravity.

Apparatus: recording timer and tape, c-clamp, set of different masses, meterstick, small  

                    accurate ruler

Procedure: Before we go any further, it is advisable to have a timer that has already been        

                    pre-calibrated. These operate off of the frequency of AC which is approximately         

                    60 hertz. If you don’t have one like this there is no point in going further because  

                    the accuracy is too poor. The ones we use will hit the tape about 60 times per  

                    second. 

1) Clamp the timer to the edge of the table. Thread the tape through the timer and tape a mass to it. Record the mass. Start the timer, then let the mass drop after the timer has started. 

2) You should have a set of dots from your starting point to about where it hit the ground. It is advisable to omit that dot at which the mass hit the ground and those thereafter since that is the point where gravity was not in effect. 

3) Write on the tape as to which mass was used. Do a total of four trials with differing masses. Keep in mind that the timer hits 60 times in 1 second or the time in between each dot is 1/60th second. 

Vave = (d / (t    and    aave = ( v / ( t

Methods: Put letters A and B on dots 2 and 3 respectively. Sometimes the first few dots are rough so you can start counting farther than just the first few dots. It is sometimes best skip the first dot which is dot 1. Write C and D on dots 7 and 8 respectively. Write E and F on dots 12 and 13 respectively. Follow this process to G and H. Measure the distances between AB, CD, EF, GH, and then record. Do not use the meterstick for this. You need a small and accurate ruler. 

	trial
	mass

(g)
	Distance(m)

	
	
	A-B
	C-D
	E-F
	G-H

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	


Since you have determined the distance between, determine the velocity between AB,CD,EF,and GH. Remember that average acceleration is defined as change in velocity divided by change in time.


V=(d / t      t=1/60


aAD = (Vcd – Vab) / (5/60)

Follow this process for the remaining trials

	trial
	Velocity
	acceleration
	aave
(m/s2)
	relative

error

%

	
	VAB

(m/s)
	VCD

(m/s)
	VEF

(m/s)
	VGH

(m/s)
	aAD

(m/s2)
	aCF

(m/s2)
	aEH

(m/s2)
	
	

	
	
	
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	


Questions: 1) Does the mass seem to play a part in the acceleration? Should it?

                  2) Where does 5/60 come from when we divide it into our acceleration equation?

                  3) What do you think about your results? Can you account for any error?

Essay: Write an essay on how you could use the timer for another another experiment. In 

            other words, design an experiment where the timer could be implemented.

Electrical Readings for Batteries and Resistors in Series and Parallel










name_________________________

Purpose: to verify battery and resistor laws when connected in series and parallel

Materials: resistors, batteries, and multimeter

Procedure:

VERIFYING RESISTANCE

Take two resistors that have close to the same resistance. Don’t use two identical resistors. A quick way to do this is find resistors that have the same color on the third band. Answer the following. Answer all questions.

	1)
	resistor #1
	resistor #2
	
	

	First three colors
	
	
	
	

	Resistance of each(measured)
	
	
	
	

	Measured resistance in parallel
	
	
	
	

	Mathematical resistance in parallel
	
	
	
	

	Measured resistance in series
	
	
	
	

	Mathematical resistance in series
	
	
	
	

	
	
	
	
	

	Were the series resistors when computed mathematically and measured close:

	Were the parallel resistors when computed mathematically and measured close:


	2)
	resistor #1
	resistor #2
	
	

	First three colors
	
	
	
	

	Resistance of each(measured)
	
	
	
	

	Measured resistance in parallel
	
	
	
	

	Mathematical resistance in parallel
	
	
	
	

	Measured resistance in series
	
	
	
	

	Mathematical resistance in series
	
	
	
	

	
	
	
	
	

	Were the series resistors when computed mathematically and measured close:

	Were the parallel resistors when computed mathematically and measured close:


	3)
	resistor #1
	resistor #2
	
	

	First three colors
	
	
	
	

	Resistance of each(measured)
	
	
	
	

	Measured resistance in parallel
	
	
	
	

	Mathematical resistance in parallel
	
	
	
	

	Measured resistance in series
	
	
	
	

	Mathematical resistance in series
	
	
	
	

	
	
	
	
	

	Were the series resistors when computed mathematically and measured close:

	Were the parallel resistors when computed mathematically and measured close:


VERIFYING VOLTAGE

Take two different batteries and connect (or hold) them in series and make the following measurements.

	4)
	battery #1
	battery #2
	
	
	

	Battery type(AAA,AA,C,D, 9)
	
	
	
	
	

	Voltage of each(measured)
	
	
	
	
	

	Measured voltage in series
	
	
	
	
	

	Mathematical voltage added
	
	
	
	
	

	
	
	
	
	
	

	Was the series voltage when computed mathematically and measured close: 


	5)
	battery #1
	battery #2
	
	
	

	Battery type(AAA,AA,C,D, 9)
	
	
	
	
	

	Voltage of each(measured)
	
	
	
	
	

	Measured voltage in series
	
	
	
	
	

	Mathematical voltage added
	
	
	
	
	

	
	
	
	
	
	

	Was the series voltage when computed mathematically and measured close: 


	6)
	battery #1
	battery #2
	
	
	

	battery type(AAA,AA,C,D, 9)
	
	
	
	
	

	voltage of each(measured)
	
	
	
	
	

	measured voltage in series
	
	
	
	
	

	mathematical voltage added
	
	
	
	
	

	
	
	
	
	
	

	Was the series voltage when computed mathematically and measured close: 


7) Suppose a person put a 2500 ohm resistor where there should have been a 2000 ohm resistor. What should  

    this person do to correct this? Show mathematically.

8) Use a pencil and draw a very heavy thick line across a piece of paper and measure the resistance in intervals  

    of centimeters.

Electrical Readings: Using a Multimeter










Name_________________

Purpose: to learn to make readings on electrical devices

Materials: resistors (numbered from 1-20), batteries (dead ones as well as good ones), and  

                 multimeter

Procedure: 

CHECKING AC CURRENT

1) Turn the voltmeter dial to the AC region (red region) to 600. Plug the red wire into the first hole and black wire into the second of the outlet and record. This is used to measure AC current. Turn it to 200 and measure the electrical outlet and record your answer. 

2) What is better to use for that outlet, the 200 or 600 switch?  Why? 

3) If AC voltage is unknown, which is better to use, the 600 or 200. Why?

CHECKING DC CURRENT

4) Turn the voltmeter dial to the DC region (white region) to the 20 mark. There is a set of batteries that have been passed around. Determine the voltage on 5 different batteries and record the voltage of each as well as the numbers.

D:

AA:

AAA:

9 volt

C:

5) What voltage should these be if purchased new?

6) What is better to use for each battery, the 2 or the 20. (five answers)

7) If the DC voltage is unknown, which voltage should the DC switch be set on ? Why?

Determining Resistance

There are approximately 20 resistors passed out. Get 3 different resistors (large and small) and determine the following.

           a)  What resistor number is it?(individually labeled from 1-20)

b) What is the resistance range by color coding? Ex. 22,500( to 27,500((NEED       

       YOUR BOOK)

c) Test the resistance with the voltmeter.

d) Is it a good or bad resistor

Do not forget to adjust the voltmeter to the resistance area(blue). K means multiply by 103 and M means multiply by 106.

8)




9) 




10)

11) Determine the resistance in your body by holding a lead in each hand. Compare that to  

      other students. Is yours higher or lower than most of the other students? Any ideas what  

      accounts for high or low resistances.

12) What do you think is the determining factor in high or low resistance on your skin? How  

      might a test for conductivity on your skin be used in the real world?

13) Take a pencil and draw a heavy line across a piece of paper and measure the resistance 

       in the line and record every several centimeters. Is it measurable? Explain your findings.

Note: most resistors have a heavy carbon component

Electromagnetism

(activity)

Background: A magnet is a something that attracts iron, nickel, and cobalt. Magnets are composed of a north pole and a south pole. Opposite poles attract. The north pole of the magnet is attracted to the earth’s north pole while the reverse is the same. The reason that magnets are attracted to steel is that the main component of steel is iron. 

Electricity is just electrons flowing from the negative side of a battery to the positive. The electrons flow through the wire and load (light bulb, motor, fan, etc….) and cause the load to operate. However if you take that wire, assuming it is insulated, and wrap it around a nail, it will produce a weak magnetic field around the wire. The result is an electromagnet.

Purpose: to create an electromagnet from household items

Apparatus: 4 to 5 meters of insulated thin wire, 5 inch nail, 1.5 volt battery

Procedure: 

1) Wrap the wire as shown in the picture.

[image: image1.png]Insulation mus{ he
removed from
ends of wire.




2) Obtain some iron filings and see if there is an attraction.

3) Obtain a compass and determine which end is north.

Discussion: Discuss your findings with the class and teacher

Friction: Static and Kinetic

Purpose: to gain a better understanding of static and kinetic (sliding) friction and their 

                relation to each other.

Apparatus: block of wood or flat device, assorted masses, spring scale, balance

Procedure:  

1) Place a mass on the flat device and weigh. You should know that this value is also the normal force.

2) Attach a spring scale to the side of the device and record the force required to start the device moving and the force required to keep it moving.

3) Do #1 and # 2 again for a total of five trials and record all data.

Analysis: 
1) Make a neat table for all the data and determine the coefficient of static friction and the coefficient of kinetic friction for each trial.

Questions: 

1) Compare the values for kinetic and static friction for each trial. Is one larger than the other? Theoretically, does this make sense?

2) Can you explain how the concept of static/kinetic friction applies to “anti-lock” brakes on a car?

Graphical Analysis of Density

Purpose: to understand the mathematical relationship of density

Apparatus:  30 pre-1980 coins, 30 post-1982, 100 ml graduated cylinder, balance, water

Procedure:  

 Part I
1) Obtain 30 pre-1980 pennies and fill a graduated cylinder approximately half 

full and record the volume in ml.

2) Determine the mass of five pennies (grams) together and divide that number by 5.  

This will be the average mass of a single penny so record this value.

3) Drop 5 pennies in the cylinder and record the change in volume.

4) Add 5 more pennies and record the change in volume. The change in volume will be you current reading minus the original volume when there were no pennies.

5) Continue this process until 30 pennies have been added.

6) Remember to record all measurements.

 Part II

1) Follow the same procedure but this time use 30 post-1982.

 Graphing and Analysis:

1) Graph Parts I and II on the same x-y graph. Let the mass be the y-axis and the volume be the x-axis. Remember, you can only graph every five pennies. You should have six points. LABEL YOUR GRAPH!

2) Draw the line of best fit. Each graph should be linear. DO NOT CONNECT THE DOTS.

3) Determine the slope of each graph and write that in the graph.

Questions:
1) What are the actual units of the slopes?

2) What do the slopes of the lines in this experiment represent?

3) Why is the slope of parts I and II different?

4) Look up the density of copper in the CRC Handbook of Chemistry and Physics. Is this close to value obtained for the slope of part I.

5) Determine the relative error of the slope of part I to the accepted value of the density of copper.

6) Instead of using water displacement to determine the volume, could a person measure the penny using a small ruler? Or, would this be “scientifically” accurate? Why?

7) What does interpolate mean? Give a clear example of how one might interpolate using the graphs.

8) What does extrapolate mean? Give a clear example of how one might extrapolate using the graphs.

Hookes Law

Purpose: to learn and understand the Hookes Law

Apparatus: Hookes Law apparatus, slotted masses, different springs

Procedure:

1) Adjust the apparatus so that it has a reading of zero with no masses attached. 

2) Add a mass and take a distance reading. Continue adding masses and taking readings. 

3) Do this for a total of 5 readings. Change springs and continue the process. 

4) Use three different springs and record your results. THE SPRINGS ARE MARKED SO NOT WHICH ONE YOU USED.

Analysis: 1) Make a data table/tables for the three different springs.

 
    2) Make three graphs of the three different springs (Use graph paper for this or points will  be  

                     deducted). Force (N) in the y direction and distance (meters) in the x direction.(don’t forget labels)


    3) Draw the line of best fit.

                 4) Determine the slope with appropriate units and write it on the graph.

Questions:   1) What does the slope of each graph represent.


         2) Which had the higher constant, the tighter or looser spring?


         3) Did the points seem to be linear? If not, which way did they tend to skew?


         4) If there was a skew, what does it mean? This is very important so please explain thoroughly.

         5) How and why is the spring constant important in machines that uses springs? Explain.

                      6) What is the unit of the slope of the graph of F v d?

DO NOT STRETCH SPRINGS BEYOND THE MARK AS STATED ON THE APPARATUS!

A REMINDER: Use straight edges for all for all data tables and graph paper for all graphs

	
	
	
	spring #1
	
	
	
	spring #2
	
	
	
	spring #3
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	trial #
	
	mass
	weight
	distance
	
	mass
	weight
	distance
	
	mass
	weight
	distance

	
	
	(g)
	(N)
	(m)
	
	(g)
	(N)
	(m)
	
	(g)
	(N)
	(m)

	1
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	
	


Hot Flame Lab

Purpose: to determine how hot a bunsen burner is

Apparatus: burner, pre-1980 penny, water, scale, calorimeter cup, tongs

Procedure: 

1) Mass a cup with water (1/2 to ¾  full) and determine the initial temperature. 

2) Determine the mass of a penny. 

3) Using tongs, hold the penny directly over the burner for about 1 minute. We will assume the initial temperature of the penny will be the same temperature as the burner. Place the cup of water in another cup. 

4) Drop the penny in the water and then stir. Determine the final temperature of the water after about 30 seconds of stirring. Record all data. Do a total of 4 trials.

UNDER NO CIRCUMSTANCES ARE YOU TO PUT THE THERMOMETER OVER THE FLAME. THIS WILL RUIN IT.  

Set up a chart listing all data collected and determine the initial temperature of the penny. This will be the same temperature as the bunsen burner. 

         water      penny

              Q G = Q L
Questions:    1) Why can we not use a thermometer directly on the flame.

 2) Carefully think about the dropping of the penny into the water. What factor                 

     are we leaving out in our calculations and could this be important?

Neatness will be a part of your grade. Show work on determining the temperature of the burner.

Incline Plane and Acceleration

Purpose: to determine the acceleration of an incline plane

Apparatus: incline plane, cart, timer, ruler and protractor, heavy mass

Procedure: 

Before we go any further, it is advisable to have a timer that has already been pre-calibrated. These operate off of the frequency of AC which is approximately 60 hertz. If you don’t have one like this there is no point in going further because the accuracy is too poor. The ones we use will hit the tape about 60 times per second. 

Set up an incline plane at around 15o. This can be done by a protractor or using 

           trig. functions.  

4) Clamp the timer to the edge of the incline. Thread the tape through the timer and tape it to the cart. Record the mass of the cart and mass. Start the timer, then let the cart roll after the timer has started. 

5) You should have a set of dots from your starting point to about where it hit the ground. It is advisable to omit that dot at which the mass hit the ground and those thereafter since that is the point where gravity was not in effect. 

6) Write on the tape as to which mass was used. Do a total of three trials with differing masses and angles. Keep in mind that the timer hits 60 times in 1 second or the time in between each dot is 1/60th second. 

Vave = (d / (t    and    aave = ( v / ( t

Methods: Put letters A and B on dots 2 and 3 respectively. Sometimes the first few dots are rough so you can start counting farther than just the first few dots. It is sometimes best skip the first dot which is dot 1. Write C and D on dots 7 and 8 respectively. Write E and F on dots 12 and 13 respectively. Follow this process to G and H. Measure the distances between AB, CD, EF, GH, and then record. Do not use the meterstick for this. You need a small and accurate ruler. 

	trial
	mass

(g)
	Distance(m)

	
	
	A-B
	C-D
	E-F
	G-H

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	


Since you have determined the distance between, determine the velocity between AB,CD,EF,and GH. Remember that average acceleration is defined as change in velocity divided by change in time.


V=(d / t      t=1/60


aAD = (Vcd – Vab) / (5/60)

Follow this process for the remaining trials

	trial
	Velocity
	acceleration
	aave
(m/s2)
	relative

error

%

	
	VAB

(m/s)
	VCD

(m/s)
	VEF

(m/s)
	VGH

(m/s)
	aAD

(m/s2)
	aCF

(m/s2)
	aEH

(m/s2)
	
	

	
	
	
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	


Essay: Write an essay on how you could use the timer for another another experiment. In 

            other words, design an experiment where the timer could be implemented.

Questions:

1) From the calculations, is the mass relevant? In other words, do we need the mass to perform the calculations? Explain why or why not?

2) What range of values could you have for acceleration?

3) What if you have an acceleration of 20 m/ss on the incline? Is it possible? 

Inertia Balance

Background: The goal of this lab is to help the student understand that gravity does not play a part in how an inertia balance works. This is different to the standard platform or digital balance. Gravity acts downward while an inertia balance works in the horizontal direction.

Purpose:  to be able to use a platform balance and differentiate the difference between mass 

                 and weight and to understand interpolation

Apparatus: balance, inertia balance, assorted masses, c-clamp, 2 metersticks

Procedure: 

1) Clamp the inertia balance to the edge of a table. Lay a meterstick along the side of the balance while it is still. Use the other meterstick to push the end of the balance approximately 2 centimeters away from the first meter stick. 

2) With one single quick move quickly move the metersticks out of the way while one person counts the number of revolutions. 

3) Determine the time it takes for the balance to undergo a total of 25 revolutions.  Another person should have a stopwatch. 

4) Add 50 grams to the tray and repeat. Do this up to 250grams(6 trials). Make sure to record all data. 

5) Have your teacher to give you an unknown mass between 0 and 250 grams. Weigh and record the unknown metal. This will be the accepted value for this set of data. Place the unknown mass on the inertia balance and do the same as the other trials and record the time for 25 revolutions. Make to record all data.

	trial
	Mass of
	number of

vibrations
	total
	Period

(s)
	period
	
	

	
	Object
	
	time
	
	squared
	

	
	(g)
	
	(s)
	
	(s2)
	
	

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	

	
	number of

vibrations
	total time

(s)
	period

(s)
	Period

Squared

(s2)
	mass determined

graphically

(g)
	mass

accepted

(g)
	Relative

error

%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	unknown
	
	
	
	
	
	
	
	


Graphing: Graph the first six trials on graph paper mass v. period squared. Mass will be the x-axis while period squared will be the y-axis. Draw the line of best fit. Use interpolation to determine the mass graphically since you know the period squared. Make sure you make this visible on the graph

Questions: 

1) Was your relative error very low? Where might error have entered? Explain? (Don’t just say           

                              human error.)

                          2) What are the limits to the standard platform balance. What about the inertia balance? 

Lab Car Race

Purpose: to make and interpret a graph of the motion of a toy car

Materials:    battery powered car, masking tape, timer

Procedure:    

1) Set the car at a starting point and let it go and mark or tape the distance in 2 second intervals. The total distance needs to be around 6 meters or more.

2) Do this till it reaches the end.

3) Measure the distance it traveled from the beginning to every 2 second interval and record.

Data and Graphs: 

     1)  Make a data table of the distance v. time.

2) Graph the data ON GRAPH PAPER neatly and draw the line of best fit. x-axis is time and y-axis is distance.

Questions:   


1) What is the slope of the graph and what does it represent?

2) What are the units of the slope?

3) What is the equation of the line? (note: b should be zero)

4) From the equation, if this car were to keep going where will it be (in meters)    

      in……..

a) 50 seconds

b) 50 minutes

c) 50 days

d) 1 year

               5) How long in days will it take to go around the earth.

6) In the equation for your line of best fit, what should b be in y=mx+b

7)From the line of best fit, determine the distance that the car traveled

a) 0 to 2 seconds

b) 2 to 4 seconds

c) 3 to 6 seconds

8) Do an x-y graph of velocity (y) v. time (x) from the data.

9) What does the area under the v vs. t graph represent?

10) What is the slope of this graph?

Optics: Reflection and Refraction

Background: Angle of incidence and reflection are nearly always the same for mirrors. This we shall see in part I of this lab. In part II we will investigate the refraction of light through different mediums and verify Snell’s law with several substances. This is a lab that gives accurate results. Students will gain a better understanding of Snell’s law as a result of this lab. Remember, when light travels from a less dense substance to more dense the light will bend toward the normal.

Keep in mind that the reason you can see an image is because light is reflecting off of the object.

Purpose: to compare angle of incidence and reflection and show they are the same

    to prove Snell’s law

Apparatus: several pins, flat mirror 3 cm x 10 cm or close to it, protractor, paper, semi-circular plastic dish,  

                    water and other transparent liquids

Procedure: 

Part I: --- plane mirror reflection

1) Set up a mirror as shown and draw a line along the back.

2) Place a pin approximately in the center against the front of the mirror.

3) Remove the pin and mirror and draw a perpendicular line through the pinhole and put the mirror and pin back.

4) Place a second pin in front of the mirror around 10 cm. and 30o from the normal.

5) Now look in the mirror and find the reflections of both pins and place a third pin so that it is aligned with the other two reflections.

6) Now remove the three pins and connect the dots. You should have an angle of incidence and an angle of reflection.

7) Measure each angle and record. Do one trial only but put in a neat chart.

Part II: --- refraction of light

1) Set a semi-circular dish in the middle of a piece of paper and trace it.

2) Place a pin in the middle of the flat side on the outside of the dish.

3) Remove the two and draw a perpendicular line through the pinhole and put the pin and dish back. The line drawn is the normal.

4) Add liquid to the dish.

5) Place a second pin around 10 cm and 30o (w/r to the normal) from the flat side.

6) Now go to the other side of the dish and look through the curved portion. Try to find both pin images. Make sure you are looking through the liquid and not above it.

7) Obtain a third pin and align it with the other two images.

8) Remove the three pins. By this time you should have three pinholes. Connect the dots and measure the angles.

Analysis: Snell’s law in essence is n  =  sin(air  /  sin(liquid. The n value for liquid is 1.33.

1) Determine the relative error.

2) Are your results accurate? EXPLAIN.

Part III: --- simple refraction activity

1) Place a penny inside a cup. Hold it and move your head back until the penny is no longer visible.

2) Have your partner to add water to the top of the cup. Do you see the penny now?

Discussion: You can get the same effect by inserting a pencil in a clear plastic cup full of water. You will see the image broken. A take off of this is when you are driving down the road on a hot day and notice a “wavy” look of objects at a distance. Still another idea is that stars are not exactly where you see them. As the light enters our atmosphere, which is at a different density, it is bent. Can you think of any other areas you see this.

Simple Efficiency 

Background: What is efficiency? Efficiency is the amount of useful work out divided by work in: E = Wout / Win. Efficiency will never be greater than 1. However, many times on any machine you will be fortunate to get above .75 or 75%. A car is approximately 30% efficient. Think about it, only 30% of the fuel put in a car actually goes toward moving the vehicle. Where does the other 70% go? Any ideas? In this experiment we will work with efficiency in a very simple level. In this way you will see that a simple experiment does not have great efficiency. So you will see that much larger machines, such as cars, have a much lower efficiency.

Purpose: to understand efficiency

Apparatus: Hotwheels track, several different cars, meterstick, several rubber balls

Procedure: 

Part I  ---  In this part we will measure the “bounce” height a rubber ball makes

1) Measure how high you intend to drop a ball. One meter is good.

2) Drop the ball and measure its return height.

3) Do this for a total of five trials.

Part II  ---  In this part we will measure how high (vertically) a car will go

1) Incline each end of the track.

2) Measure the vertical height at which the car will be released.

3) Release the car and measure the height it goes on the other end of the track.

4) Do this for a total of five trials with different cars.

Note: we know that we are comparing potential energy before and after. Sooooo…..

E = Wout  /  Win   ( (mogho) / (mighi) since mass and gravity are the same before and after then………..

BOTTOM LINE-------E = ho / hi

Analysis: 

1) Record all data neatly in a chart and determine the efficiency of each trial.

Questions:

1) What caused the efficiency to be less that 1 or 100% in the ball? 

2) What caused the efficiency to be less that 1 or 100% in the car?

Essay:  You have developed a machine that is more than 100% efficient. What could this mean for society. EXPLAIN.

Simple Machines

Purpose: The purpose of this lab is to learn how machines work. 

Apparatus: inclined plane; pulleys-single, double, and triple tandem; slotted masses with    

                    hangers; string

Procedure:

Inclined Plane

1) Set up the inclined plane as shown in the figure immediately below. Do not forget to record all data including angles.  We will let Fw be the weight of the cart and its masses.

2) FA will be the applied force or the hanging weight. h will be the vertical distance the cart moves. d will be the distance the string (FA) is pulled. Be precise as possible in the measuring of lengths here.  Place approximately 200 grams in the cart and attach hanging masses to FA until the cart begins to move with a constant velocity.

3) You might have to give it a little nudge for this to happen. Record the angle for this. Start with 15 degrees. Do this three more times keeping the mass at 200 grams and increasing the angle 10o (25, 35, 45) and record the data. 

On the same chart determine the ideal mechanical advantage(IMA) and the actual mechanical advantage(AMA). Show work below the chart as to how you obtained AMA and IMA. Equations are listed below.

On the same chart determine the work in and the work out for each trial as well as the efficiency.

	trial
	angle
	FA(N)
	FW(N)
	h(m)
	D(m)
	IMA
	AMA
	Win(J)
	Wout(J)
	Eff

	1
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	


Pulley

1) Set up the pulley system as shown in the figure immediately below. Do not forget to record all data. 

2) Place approximately 500 grams in the slotted hanger for FW and find the total weight here. 

3) Let h be the height the pulley system is raised and d be the distance that FA is pulled. Add slotted masses to the hanger for FA until it begins to move. You might have to give it a little nudge for this to happen. 

4) Do this two more times but use 5 pulleys then 4 pulleys. Record the number of pulleys used. 

5) On the same chart determine the ideal mechanical advantage(IMA) and the actual mechanical advantage(AMA). Show work below the chart as to how you obtained AMA and IMA.

6) On the same chart determine the work in and the work out for each trial as well as the efficiency.

	trial
	# of pull
	FA(N)
	FW(N)
	h(m)
	d(m)
	IMA
	AMA
	Win(J)
	Wout(J)
	Eff

	1
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	


AMA = Fout/Fin

IMA = d/h

efficiency = work out / work in = AMA/IMA

W = Fd

Questions:

1) How can you determine the IMA by looking at the number of pulleys?

2) In theory, should IMA and AMA be the same? Were they the same? 

3) Explain why IMA and AMA are not the same. Give reasons to justify your answer.

4) Can efficiency be greater than 1. Why or why not?

5) In theory, if a person is using an eight pulley system, how many pounds are required to lift a 500 pound calf onto a trailer.

6) How is the force multiplied in a simple machine?

7) What are the other four simple machines and give two examples of each.

8) Explain the shifting of gears on a bike and the force needed to pedal as compared to speed. Which one for speed? Which one for an uphill track?

Measuring the Impossible

Purpose: The objective of the experiment is to determine the thickness of a piece of aluminum foil, in centimeters, determine the total number of aluminum atoms present and the number of atoms thick the foil is.

Procedure: You are to carefully cut a piece of aluminum foil no larger than 30 cm2. From this you need to calculate the thickness of the foil in centimeters. Using scientific notation, calculate the number of atoms present in the sample of foil. Assume the atoms are lined-up in order (not jumbled or in a crystal) and calculate the number of atoms thick the foil is.

Useful Information:

Density of aluminum: 2.70 g/cm3
Radius of aluminum atom: 1.43 x 10 -8 cm

Lab Write-Up: 

In your lab notebook, using the standard procedure for lab reports given to you earlier, write a complete lab report. Describe your procedure in enough detail so others could duplicate the experiment. List the equipment needed. Include a table for your data. Be certain to use the measuring devices correctly and report measurements to the correct number of significant figures. Show your set-ups for calculations, units for all numbers and sketches if you need them. Clearly label the three quantities you are asked to determine. Explain sources of experimental error.
Multiple Images

Kaleidoscope Activity

Purpose: to learn how and why two mirrors can produce multiple images

Apparatus: 2 mirrors one edge taped, an object that sets upright, protractor

Procedure: 
1) Setup the mirror apparatus where the angle is at least 120o.

2) Determine the minimum and maximum angle that will produce 3 images.

3) Do step #2 to a total of 12 images and record.

number of images

	
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	minimum angle
	
	
	
	
	
	
	
	
	
	

	maximum angle
	
	
	
	
	
	
	
	
	
	


Questions: 

1) From your observations can you draw a pattern relating to number of images versus angles? If so, what is it?

2) Graph images (x) versus minimum angle length (y).

3) What type of curve is it?

4) Since counting many more images than what you counted is difficult, could you use this graph to predict say 20 images? Can you do more? Try it and write your results.

Newton’s Law of Cooling

(Designing an Experiment)
Purpose: Student will design his or her own experiment

Apparatus: thermometer, cups made of different materials (styrofoam, paper, metal, plastic,  

                    glass), beaker, water, burner, cup cover with thermometer hole.

Question: Does water cool at different rates depending on cup material?

Hypothesis: Yes, it should make a difference.

Students should:

· Predict the relative rates of cooling in cups of 5 different materials. 

· Design an experimental protocol to determine rate of cooling 

· Carry out experiment. 

· Determine relative cooling rates in cups. 

· Display data visually. 

Questions: 

1) Why would you as a consumer deem this experiment important?

2) Does it change your belief in the best type of cup for insulation? EXPLAIN.

3) Did you learn anything from this experiment? Maybe you didn’t. EXPLAIN.

4) How would you design an experiment to determine which cup would retain cold temperature? EXPLAIN.
Optics: Projection of Images

Background: Many times it is difficult for a student to understand the concept of lenses and  

                       mirrors producing real images. In essence, converging mirrors (concave) and   

                       converging lenses produce real images. These optics will produce a real image 

                       or plainly reflect an image on to a screen or sheet of paper. Diverging lenses 

                       and mirrors along with flat mirrors produce virtual images. These optics cannot  

                       reflect images.



 The only reason you can see other people or objects is that light is reflected off 

                       of the object. In this demonstration we will hope get a better understanding of 

                       this of the real image concept.



  This is activity is better performed as a demonstration since most schools 

                        cannot afford all of the equipment for an entire class.

Procedure:   

Part I

Prop up a converging lens along its edge. You can use actual lens supports or clay. Light a candle and set it on one side of the lens and hold a piece of white paper upright on the other side. You might have to do some adjusting of the candle, lens, or paper to get a sharp image but it is easy to do.

Part II

Using the same setup we will try to project a persons facial image onto the same piece of paper. You will need a light source such as those that clamp to a bed. Have the person to get level with the desk and hold the lamp a within a few inches but to the side. Adjusting the lens or paper, that persons face will be projected, but upside down.

Part III

This can also be done with converging mirrors. However, it is a little more difficult. Try it.

Discussion: ?????????????????????????

The Pendulum

Purpose: to see how a pendulum is affected by gravity

Apparatus: several stoppers or objects of varied mass, string, stopwatch, balance, tape 

                    measure

Procedure: 

1) Cut a piece of string and hang it from a certain height. This can be .5 meters to 10 meters. Attach a mass at the end of the string. 

2) Draw the mass back to within 10o and let go. Using the stop watch, time the pendulum for a total of 15 revolutions. Back and forth is considered one revolution.

3)  Vary the different masses and lengths in each of the trials. Do a total of 4 trials.

We know the following to be true    ( = 2( (L/g)1/2 




L = length of string





( = the period of motion





g = the value we are looking for

	
	length

(m)
	mass

(kg)
	time

(s)
	period

(s)
	gravity(exp.)

(m/s2)
	rel. error

%

	trial
	
	
	
	
	
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	


Questions: 1) What errors might have entered into this experiment?  Was your error low? 

                        Explain.

                    2) Since a person knows that g = 9.8 m/s2, explain how a person could find the  

                        height of a building using a pendulum.

                    3) How much does g change from the highest point on the earth compared to the  

                         lowest point on earth? And how would this affect the period?


         4) Does the mass seem to affect your results? Why or why not?

Enrichment:

Alternate: Determine what an unknown height is using a pendulum. Do distances of anywhere from .25 m to 10 meters(or higher if possible. Use a tape measure to measure the height. This will be the accepted value. Do a total of four trials at different heights with a single mass. Collect all data and write it up. Also determine the relative error.

Physics and Christmas—They Are Related

(not a write-up)
Purpose: to demonstrate that physics is all around you—you just have to look

Procedure: 

During class physics students will draw another student’s name. The student will purchase a gift that demonstrates a physics principle for that person. Do not spend more than a couple dollars. It does not have to be a toy. The day of the gift exchange the student receiving the gift will stand in front of class and open the gift and determine the physics principles involved with the item and explain these to the class. The class will add any other principles that they see. Then the buyer will state the reason for the purchase in the event not all principles were stated.

Guidelines: 

1) It must be appropriate. Please do not make me explain this.

2) Good examples are:

· nail clipper—simple machine, wedge, lever, friction(file) …..

· toy dart gun—projectile motion, converting elastic PE to KE, springs, spring constants, lever on trigger, ……..

3) Do not tell anyone what your gift is.

4) Wrap it please.

5) Dollar Tree is a great place to look.

You may NOT use the examples listed in #2

HAPPY HUNTING

Power

Purpose: to have a better understanding of the concept of power and its relationship to time,  

                 the watt, and to horsepower

Apparatus: stopwatch, stairs, and meterstick, human subjects

Procedure: Find a set of stairs that has around 5 to 10 steps. Find the height (vertical only) of the stairs. You might try measuring just one step then multiply by the number of steps. Have a student to run up the stairs while another times him/her. Have a total of ten students to do this and record all data. Students will have to declare their weight in this lab.

2.2 pounds = kilogram

746 watts = horsepower

	student
	weight  (N)
	stair height   (m)
	time      (s)
	work      (J)
	power    (w)
	horsepower  (hp)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Questions: 

1) What is the relationship between the weight of the person and the power?

2) What is the relationship between the time of the person and the power?

3) Who had the highest and lowest and why was that?

4) What would you do to create the highest possible power from a set of          

                          students?

Projectile Motion

Muzzle Velocity

Purpose: to determine the muzzle velocity of a dart gun using three different methods.

Apparatus: dart gun, protractor, meter stick 

Procedure:

Method I:  Point the gun upward and measure its maximum height when shot. Shoot  

                 alongside of a brick wall so you can  measure the height easily. Do this for  

                 three trials.

Method II:  Point the gun at a 45o angle using a protractor and shoot it.  Determine the  

                  distance traveled for three trials.

Method III: Lay the gun along the edge of table and let it shoot horizontally. Measure 

                  the height of the table as well as the distance it traveled horizontally. Do  

                  this for three trials.

List the data neatly in three separate data tables and label how each was collected. Determine the muzzle velocity for each trial (9 total). Show all work when doing calculations or you will lose at least half for the lab. 

Questions:


1)  Should the results for muzzle velocity have been the same for each trial.

2)  Where might there have been error in this experiment.          

3)  What other methods might you use to find the muzzle velocity.  Explain each  one.

4) Why is it dangerous to shoot a gun straight up? Theoretically, what is the velocity on the way down? EXPLAIN.

Reminder: Use a straight edge when doing all tables. Follow ALL directions. Failure to do so will result in point deductions. Neatness will be part of your grade.

      5) Draw a diagram of the path an arrow will take if shot at …

a) 45o
b) 30o
c) 60o
6)   What can be said about b & c?

7) What is the definition of optimum angle? What value is it in a projectile?

8) Football players want to punt the football at a 45o angle. Why is that? Why not punt it at an angle of 20o, it would go farther wouldn’t it? EXPLAIN.

9)   EXPLAIN what would happen if the angle of punt was 70o?

AP-additional

Instead of using the gun use a bow and arrow outside on a field and only do methods II and III.

* Give two reasons why method I should not be done with a bow and arrow.

Projectile Motion

Horizontal Distance

Background: A ramp is to be setup as shown below. We know that when an object falls that PE is converted to 

                       KE. From these equations alone we can determine the final velocity of an object as it leaves the 

                       ramp.



             PE   =   KE



             mgh =   ½mv2  



                v   =   ((2gh)   ---- finagles rule

                       The velocity will be the same velocity (vi) shot horizontally off of the table. However, there is a 

                       minor snag, we are using a sphere. Moment of inertia will have to be figured in the equation. 

                       Some of the gravitational force pulling the object downward is being lost in causing the ball to roll. 

                       If this were a flat object on a frictionless surface, we would not have this problem. But we do. We 

                       will have to make some minor adjustments. Soooooo….



   mgh = (1/2)mv2 + (1/2)((2        sphere:  ( = (2/5)mr2 and ( = v/r

         
             mgh = (7/10)mv2 

	(5/7)mgh = (1/2)mv2


Purpose: to determine the horizontal distance of a horizontal projectile 

Apparatus: projectile device, marble, meterstick
Procedure: 
DO NOT START LAB UNTIL YOU DO  #1 - #3

1) Build or obtain a device as shown. The device contains a plastic ruler that has been bent so the end of the ruler is horizontal.

2) Place the device at the edge of the table. Measure the height of the table from the floor to the device.

3) Before you start the lab, determine mathematically how far from the table the ball should hit. Record this as the accepted value. Draw a line on the floor where the ball should hit.

· Solve using projectile motion equations. 

4) Release the marble from the top and make careful observations to determine if it hits the line.

5) Do this for a total of five trials

Analysis:

1) Determine the relative error.

2) Put all data on a neat table.

Questions: 

1) Was your predictions close? EXPLAIN.

2) List all possible sources of error.

3) What would happen if the ramp was not horizontal at the end; would this change our calculations? Explain.

4) Sketch the ramp and setup and sketch the path of the ball.

5) Sketch the path of the ball in #3.

Resistivity

Background: 

When electrical conductors are exposed to extreme temperatures, the resistance in the conductor will change. This can wreak havoc in electronic devises. In this experiment you will submerge a resistor in boiling water and freezing water and measure the resistances of each. Do a total of four trials and record all readings.

Apparatus: boiling water, ice water, resistors, multimeter

Essay: Write an essay thoroughly stating your findings and conclusions. Also 

  explain what superconductivity is and why it is important. 

Resolution of Forces

Background: If a set of forces are at static equilibrium it means that all forces are balanced: (Fx=0 and (Fy=0. This does not necessarily mean that the system is motionless. However it is safe to say that if an object is at rest then the summation of all forces equal zero.

Purpose: to understand static equilibrium and resolution of forces

Apparatus: 3 spring scales, string, protractor

Procedure: 

1) Tie 3 pieces of string together and cut each to around 15-20 cm in length.

2) Attach a spring scale to each piece of string.

3) Lay the system on the table and pull on all three scales at different angles.

4) This is where it becomes tricky. Pull on the scales so the readings are beyond the halfway point of the scale. By doing this, we hopefully will get more accurate results.

5) Record the measurements of the three scales in Newtons.

6) Carefully record the angles in terms of N, S, E, W such as 27o N of E. 

7) Do this for a total of five trials. Vary the angles and the tension in each spring.

Analysis: 

1) Determine the magnitude and direction of the resultant for each trial.

2) Determine the equilibrant for each trial. (remember----magnitude AND direction)

Questions: 

1) Were your answers close to what was expected?

2) What should each answer have been?

3) List any sources of errors.

Resonance of a Closed End Tube

Purpose: to determine the frequency of a tuning fork

Apparatus: 3 different tuning forks of different frequencies, glass tube or plastic pipe (1/2 

                    meter long and an inside diameter of 3-6 cm), tall graduated cylinder or bucket,        

                    thermometer, tuning fork hammer

Procedure: 

1) Fill a tall graduated cylinder (or bucket) with water and insert the tube. Strike the hammer against the tuning fork and hold it above the column. 

2) Raise the column up and down until the resonant frequency is heard (or until it gets loud). 

3) Measure the distance from the top of the tube to the water at this point. Also, measure the inside diameter of the tube. To find the wavelength of the sound we must apply ( = 4(L + .4 d). We made adjustments for the diameter of the tube. The actual frequency is listed on the tuning fork. Do this for a total of three trials.

	trial
	length of tube

(m)
	diameter of tube

(m)
	wavelength

(m)
	frequency

(experimental)
	frequency

(actual)
	rel. error

%

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	     temperature:
	
	
	
	

	
	
	
	
	
	
	

	
	
	speed of sound:
	
	
	
	


                           (at above temp.)



speed of sound = 331.5 + .6T

Questions:

1) If a longer glass tube were available, would it be possible to find another position where resonance is produced? For your results, what would be the next two distances for each trial?

2) How could you modify this experiment to determine whether the water vapor inside the tube affects the results?

3) How could you modify this experiment to find the resonant length of an open pipe?

Simple Atwood Machine 

Purpose: to verify the acceleration in an Atwood machine

Apparatus: single pulley, string, assorted masses, electrical timer and tape.

Procedure: 

Before we go any further, it is advisable to have a timer that has already been pre-calibrated. These operate off of the frequency of AC which is approximately 60 hertz. If you don’t have one like this there is no point in going further because the accuracy is too poor. The ones we use will hit the tape about 60 times per second. Attach a single pulley and secure it at the edge of a table. 

1) Pass a string through the pulley and add different masses at each end to create an Atwood machine.  As always, make sure you weigh these masses and record them somewhere. 

2) Thread the tape through the timer and tape it to the heavier mass.  Make sure the timer tape does not get bound up as it passes through the timer. 

3) Adjust the timer to correct this if need be. Otherwise it will increase your error. Start the timer, then let the mass drop after the timer has started. You should have a set of dots from your starting point to about where it hit the ground. It is advisable to omit that dot at which the mass hit the ground and those thereafter since that is the point where gravity was not in effect.

4)  Write on the tape as to which mass was used. Do a total of four trials with differing masses. Keep in mind that the timer hits 60 times in 1 second or the time in between each dot is 1/60th second. 

Vave = (d / (t    and    aave = ( v / ( t

Methods: Put A and B on dots 2 and 3 respectively. It is sometimes best skip the first dot which is dot 1. Write C and D on dots 7 and 8 respectively. Write E and F on dots 12 and 13 respectively. Follow this process to G and H. Meaure the distances between AB, CD, EF, GH, and then record. Do not use the meterstick for this. You need a small and accurate ruler. We will will assume this system is frictionless(even though it isn’t).

	trial
	mass

(g)
	distance(m)

	
	
	A-B
	C-D
	E-F
	G-H

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	


Since you have determined the distance between, determine the velocity between AB,CD,EF,and GH. Remember that average acceleration is defined as change in velocity divided by change in time.


aAD = (Vcd – Vab) / (5/60)

Follow this process for the remaining trials

	trial
	Velocity
	acceleration
	aave
(m/s2)
	relative

error

%

	
	VAB

(m/s)
	VCD

(m/s)
	VEF

(m/s)
	VGH

(m/s)
	aAD

(m/s2)
	aCF

(m/s2)
	aEH

(m/s2)
	
	

	
	
	
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	


You will have to determine mathematically what the acceleration is. Remember (F=ma

Questions:

1) Does the differing masses seem to play a part in the acceleration? Should it?

2) Where does 5/60 come from when we divide it into our acceleration equation?

3) What do you think about your results? Can you account for any error?

Tension in Ropes

Purpose: to verify the resolution of forces in ropes at angles while supporting a mass.

Apparatus: protractor, 2 ring stands, possibly string, two accurate spring scales, Masses 

         around .5 kilograms

Procedure:

1) setup the apparatus as shown in the picture.

2) Record the measurements of the two spring scales and measure the angles.

3) Remove the mass and weigh it. This will be the accepted value for the mass.

Analysis: 
1) Setup a chart for all values.

2) From the resolution of vectors, determine the mass of the unknown hanging mass.

3) Determine the relative error for this experiment.

Alternate

As an alternate experiment to this concept, let the ropes be the unknown and let the hanging mass be the known value. Then determine the relative error for the left and right rope.

Torque: Determining the Mass of an Object

Purpose: to understand the concept of torque (moment).

Apparatus: rod, possibly string, two accurate spring scales, masses 

         around .5 kilograms

Procedure:

1) Setup the apparatus as shown in the picture.

2) Record the measurements of the two spring scales.

3) Record the distance of the unknown mass.

4) Do a total of three trials while varying the mass and distance. Draw a free-body diagram for each.

Analysis: 
1) Setup a chart for all values.

2) From what you have recorded determine mathematically what the mass should be by the summation of torques. This will be your experimental value.

3) Remove the mass and weigh it. This will be the accepted value for the mass.

4) Determine the relative error.

Essay:  In a short essay please explain your results. Site any sources of error besides  

              human error.

Alternate

As an alternate experiment to this concept, let the ropes be the unknown and let the  

hanging mass be the known value. Then determine the relative error for the left and right rope from.

Torque/Moment Lab

Purpose: to understand torque

Materials: meterstick, knife edges, knife edge support, mass hanger, slotted masses, and balance

ANSWER THE FOLLOWING QUESTIONS AND SHOW WORK ON SOLVING OR POINT DEDUCTION WILL BE INCURRED. NEATNESS AND PARTICIPATION WILL ALSO BE A PART OF YOUR GRADE.

Using grams to solve is okay. I recommend it.

1) a)  Mass the meterstick and hangers separately?

b) Visually speaking, where is the center of gravity of the meterstick?

c) Use the knife-edge support to determine the center of gravity and write it down. Is it what you   

    predicted? What can account for the difference in b and c?

2) Place the knife-edge support at the 70 cm mark.

a) Apply a mass/s at the 80 cm mark to create equilibrium and record. 

b) Theoretically speaking, how heavy of a mass would you place on the 80 cm mark to get equilibrium?

3) Place the knife-edge support at the center of gravity for your meterstick. 

a) Apply approximately 100 grams (record the exact) of mass 10 cm to the left of the support. Theoretically what mass would you have to apply 10 cm to the right? 20 cm? 40 cm?

b) Do #3a for the 10, 20, and 40 cm to the right and record your answers. Is it close to what you predicted?

4) Place the knife-edge support at the center of gravity. Place around 500 grams (record the exact) of mass 10 cm to the right.

a) Theoretically, what mass should be placed at the end to ensure equilibrium?

       b) What is it experimentally? Is it close to #4a?

5) Place the knife-edge support at the very end.

a) What mass is needed to create equilibrium if possible. If not, EXPLAIN WHY OR WHY NOT.

Extra questions:

1) Suppose a person has a 4 meter lever. If the fulcram is 6 cm from the other end and the person can apply a force of 9800 Newtons (100 kg = 220 lbs). How much weight can he lift?

2) Give five examples of levers used everyday. Example – nail clipper, don’t use this however.

3) Suppose the fulcram is placed right at a see-saws center of gravity. A 50 kg girl is 2 m from it. How  far from the fulcram on the other side will a 75 kg boy have to be to produce equilibrium?

4) Who made the statement ‘give me a lever long enough and a place to stand and I’ll move  

     the earth’?

Which Part of a Flame is Hottest

(Designing an Experiment)

Background: We have heard that the inner cone of the flame of any burner is the hottest. However, we do not know for sure. In this experiment design a method from beginning to end how we might test this. This is a full lab write-up purpose and all. Explain in detail your procedure. If you are still lost, then think calorimetry. Make sure you list all items necessary. Instructor should provide minimal aid. Also, list variables and constants for the design.

Which Part of a Flame is Hottest

(Designing an Experiment)

FOR THE TEACHER

Teacher: Break students down to groups of three and give one week for groups to turn in pre-lab information such as materials and procedures. Encourage groups not to copy. Possibly give extra credit incentive such so many points given in class that will be distributed evenly. The more groups that get it right, then the less points given. This is just a suggestion.

Chromatography of Ink

Background: Paints made by various companies contain a variety of mixtures, even if they are the same color. In crime scene investigations chromatography is used to identify which company made a particular paint sample when paint “chips” are involved.

After initiating the chromatogram, each separated spot can be assigned a Retention Factor (Rf) which is characteristic of specific inks or dyes. The Rf value is a ratio of the distance the dot travels to the distance the solvent travels. This value is constant for that particular dye.

Introduction:

In this experiment, the different pigments present in a marking pen are separated using paper chromatography.

Apparatus: 

different color overhead pens (water based), chromatography paper or coffee filter paper, beaker, ruler, water 

What to record:

RECORD ALL OBSERVATIONS

Procedure:

Part I - observing only

1. 
On a strip of chromatography paper, draw a pencil line 3 cm from the bottom.

2. 
Use several different color pens and make a small dot on the line.

3. 
Lower the paper till the end is just submerged in the water. DO NOT SUBMERGE THE DOTS. IF YOU DO, REDO IT.

4. 
Make observations at this time.

5.   
 Leave it until the water has reached the top or unless instructor says.

6.
Mark how high the water gets on the paper with a pencil and let the 

chromatogram dry.

Part II

1.
Do the same thing as part I but use the same color pen but this time do four dots of various sizes. Spread them out as best as possible.

Part III

1.
Perform the same experiment as before but this time use the same color of pen 

but use different brands.

Questions:

Part I

1.   How many substances are on the chromatogram?

2.   What colors are they?

3. Which color moved furthest?

4. Did any color separate into other colors? If so, chart what colors broke down to what colors.

5. Which dyes are pure substances and which are mixtures?

6. What type of crime scene might you use this technique? Be creative but realistic.

Part II

7. Does the size of dot affect the distance color traveled?

Part III

8. Is each pen composed of the same combined colors? If not, chart which broke down to  which color.

9. In this chromatogram do the same colors have the same Rf value?

Extension: 

We will try candy like mm’s or skittles

1. On a plastic sheet place an mm (or other candy) of one color on it and add approximately 6 drops of water. Eventually all the dye will come off and the candy will turn white. 

2.  Carefully remove the candy and add another piece of the same color. Do not add more water. Do this several more times. We want to get the greatest color concentration as possible.

3. Do a couple more pieces of candy the same way so you have at least three different colors.

4. Follow the steps above just like you did under the procedure.

Questions: Answer the same questions as above in part I for this part

Extension: From what you have learned, devise another experiment or explain how you might go further with this, even one that might be fun.
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