
[image: image9.jpg]



Advanced Spy Science-Multi Day Curriculum
Description: Have you ever wondered what it takes to be a secret agent? Master a critical repertoire of undercover agent skills–surveillance, gadgets and code-cracking–all while having the absolute time of your life!  

Goals:
 -Develop students' ability to analyze problems    

   and situations.

  -Increase students' critical thinking.

  -Understand the science behind

   crime investigations and technology.

Problem to solve: Someone  has stolen the key to Cleveland and hidden it somewhere in the city! Your mission is to analyze the clues, find the suspect and key, and deliver it back to the mayor.
Key Vocabulary
Electrochemical Cell-- a device capable of either generating electrical energy from chemical reactions or facilitating chemical reactions through the introduction of electrical energy. A common example of an electrochemical cell is a standard 1.5-volt "battery".
Electrolyte--a substance that ionizes when dissolved in suitable ionizing solvents such as water. This includes most soluble salts, acids, and bases. Some gases, such as hydrogen chloride, under conditions of high temperature or low pressure can also function as electrolytes. 

Ions-- atoms with extra electrons or missing electrons. When you are missing an electron or two, you have a positive charge. When you have an extra electron or two, you have a negative charge.

Anions--atoms or groups of atoms that have gained electrons. Having more negatively charged electrons than positively charged protons, they are negatively charged. 

Cations--atoms that have lost an electron to become positively charged. 

Morse Code--is a method of transmitting text information as a series of on-off tones, lights, or clicks that can be directly understood by a skilled listener or observer without special equipment. 

Cipher Disk—an enciphering and deciphering tool developed in 1470 by the Italian architect and author Leon Battista Alberti. He constructed a device consisting of two concentric circular plates mounted one on top of the other. 

Virtual Image--an image formed when the outgoing rays from a point on an object always diverge. The image appears to be located at the point of apparent divergence. Because the rays never really converge, a virtual image cannot be projected onto a screen. In diagrams of optical systems, virtual rays are conventionally represented by dotted lines. 
Electromagnetic--force which is a type of physical interaction that occurs between electrically charged particles. 

Trilateration--In geometry, it is the process of determining absolute or relative locations of points by measurement of distances, using the geometry of circles, spheres or triangles.
STEM Career Connection 

Forensic Scientist
Because the work of a forensic scientist is intended to be used in court and because scientific evidence can be very powerful, the forensic scientist must be accurate, methodical, detailed, and above all, unbiased.  The ability to keep detailed notes and to write clear, concise, and accurate reports is vital. 

The forensic scientist must be able to determine which facts or items of evidence are relevant. In most cases, that’s easy – the item or items are provided to the forensic scientist for examination and analysis.  In other cases, the forensic scientist may need (or want) to personally go to the scene to conduct an on-site analysis, gather evidence, or document facts for later analysis. Having been provided or having gathered the relevant information, the forensic scientist then has to decide which examinations, tests, or analyses are appropriate – and relevant – to the issue(s) in dispute. ( Did a defect in the road surface cause the crash?). Then, the forensic scientist must conduct the most appropriate tests/analyses and document the process. Afterward, the forensic scientist must interpret the results and write a clear, concise report documenting the steps followed to reach this conclusion or opinion of the forensic scientist.

The forensic scientist will, at some point, have to testify. Testimony is the verbal statement of a witness, under oath, to the judge or jury. Forensic scientists are “expert” witnesses as opposed to ordinary or “fact” witnesses. Expert witnesses are permitted to testify not just about what the results of testing or analysis were (“facts”), but also to give an opinion about what those results mean. 

To qualify as an expert witness, the forensic scientist must have a solid, documented background of education, training, and experience in the scientific discipline used to conduct the examinations, testing, or analyses about which the forensic scientist wants to testify.

Sometimes in court, the work or qualifications of the forensic scientist are challenged. A party to a court case may challenge whether the scientist performed the tests correctly; whether the scientist interpreted the results accurately; or, whether the underlying science is valid and reliable. Finally, a party to a court case may challenge whether the scientist is properly qualified to render an expert opinion or question the scientist’s impartiality.
Posing The Problem

Activity Title:  Problem-Based Learning
Goal Alignment: Develop students' ability to analyze problems    

   and situations.

Approximate Time Frame of Activity: 30 minutes

Materials Needed: 
	Butcher Paper
	1 larger piece

	Pencils / Pens
	1 per student

	Worksheet: PBL Page 1: The Problem
	1 per student

	Worksheet: PBL Page 2: The Questions
	1 per student


Activity Overview and Objective:

1) Teacher will tell the students
 Someone has stolen the key to Cleveland and hidden it somewhere in the city! Your mission is to analyze the clues, find the suspect and key, and deliver it back to the mayor.
2) Split students into arbitrary groups of 3 – 5

3) Once students are in groups 

a. Pass out pg. 1: The Problem

b. Have students brain storm how to solve each clue. (20 min)

4) Come together as a group and make a comprehensive list from the students brain storm (15 min)

5) Send students back to their groups 

a. Have students’ discuss what types of questions they would need to ask to determine the best way to analyze the clues (20 min)

i. Make sure to circulate and assist students in this brain storm the comprehensive list should lead to the experiments on solving codes, invisible ink, using different gadgets, etc.
ii. Questions such as: How could I better see what is written on this paper? What kind of maps will we need? How will we solve the key to this code? How  can we use the materials around us to help?
6) Come together as a group and make a comprehensive list of questions from the students brain storm (15 min)

Results and scientific background: 
· Students will note many different ways to solve the clues and formulate several questions they need answered before they find the suspect and key to Cleveland.

Activity Title: Potato Electricity

Clue: Watch-This watch was found at the top of a tree, out-side of the Mayor's office! The watch has stopped working. Intelligence has reason to believe that it belonged to the suspect and the key was stolen 60 minutes after the watched stopped working.

Goal:  We have to get the watch battery to start working again so that we know the exact time that the key was stolen. However, we do not have a new watch battery, we have to use something else!
Approximate Time Frame of Activity: 60 minutes

Materials Needed:
	4 Potatoes
	8 galvanized nails
	8 copper nails or wires

	12 jumper wires, with alligator clips on each end 
	4 Battery operated LCD clock (gray display with black numbers, like a cheap watch, normally taking just one 1.5V battery) 
	Sharp knife to cut potatoes


Scientific Background:
Spies have to be clever and used limited resources when out in the field.

A potato battery is an electrochemical battery, otherwise known as an electrochemical cell. An electrochemical cell is a cell in which chemical energy is converted to electric energy by a spontaneous electron transfer. In the case of the potato, the zinc in the nail reacts with the copper wire. The potato acts as a sort of buffer between the zinc ions and the copper ions. The zinc and copper ions would still react if they touched within the potato but they would only generate heat. Since the potato keeps them apart, the electron transfer has to take place over the copper wires of the circuit, which channels the energy into the clock. Presto! You have potato power.

Activity Overview and Scientific Background:
Divide into three groups and have them follow along as you lead/demonstrate.
1. Separate the two potatoes.  Each potato works as a "galvanic cell", releasing electrical energy through chemical reactions. Call one potato A and the other potato B.

-The bulk of the potato serves as a case for the cell, holding everything in place. The potato juice serves as the "electrolyte," in which charged atoms and molecules called "ions" dissolve and can flow over time. The dilute phosphoric acid in it also provides hydrogen ions for the reaction.

-Some atoms (or molecules) strongly attract extra electrons and become negatively charged ions, called anions ("an-ions"); others are easily stripped of some electrons and become positively charged "cations" ("cat-ions"). Each element attracts electrons with different force, due to the differing charge of protons with which their nucleus attracts electrons and the manner in which the marginal "valence" electrons arrange themselves around the nucleus and other electrons. The potato juice has dilute phosphoric acid, some of which dissolves dissociated into as hydrogen cations (basically) and phosphate anions.

2. Place one galvanized nail in each potato.

3. Place one copper nail or wire piece into each potato ensuring that the nails don't touch. At this stage it is really important to understand that this experiment will work only if the galvanized nails and the copper nails/wire are as far apart as possible on the potato because the distance between them is what generates the power. 

4. Remove the battery compartment lid from the clock. If there is already a battery in it, remove it. Take notice of the battery's polarity in relation to how it connects to the clock. 

5. Connect the first jumper wire from copper nail or wire of potato A to the positive terminal of the clock. To do this, take one jumper lead and attach the alligator clip to the copper nail or wire and then the other end's alligator clip to the positive terminal (denoted by the symbol + ). 

6. Connect the second jumper wire from the galvanized nail of potato B to the negative terminal of the clock, denoted by the symbol "-".

-When you stick the zinc electrode (the plating on the galvanized nail) and the copper electrode (the copper nail or wire) in the potato, each metal, having less electron affinity than the hydrogen ions, would tend to have its atoms stripped of their electrons by the hydrogen ions. The neutral hydrogen atoms would join together into hydrogen gas molecules and escape; the metal cations would tend to disperse away and more hydrogen diffuse in to continue the reaction slowly bubbling away the acid's hydrogen and consuming the metals.

7. Connect the third jumper wire to the galvanized nail of potato A. Then connect its other end to the copper nail of potato B. By this stage all three jumper leads are interconnected and the clock should be functioning. 

8. Check the clock. It should now be running on potato power.

If the clock doesn't work, check that all connections are secure and in the right order, and double-check the polarity of the clock. If it still doesn't work, your clock might require more power than the very little a vegetable battery can provide.

Thoughts on This Activity:
Activity Title:  Hot Air

Clue- Watch-This watch was found at the top of a tree, out-side of the Mayor's office! The watch has stopped working. Intelligence has reason to believe that it belonged to the suspect and the key was stolen 60 minutes after the watched stopped working. 
Goal- Discover exactly how the suspect escaped with the key.
Approximate Time Frame of Activity: 30 minutes
Materials Needed:

	Small thin trash bag
	Toaster
	Cardboard- enough to make a tube the size of your trash bag (cereal box)

	Tape
	High ceiling
	


Activity Overview:

1- Empty the crumbs out of your toaster- they will just smell bad
2- Roll the cardboard into a tube so that the bin liner will fit over it easily, it is longer than the bin liner and will fit over the toaster
3- Put the bin liner on the tube

4- Turn on the toaster
Be careful because the toaster could get hot enough to hurt
It is more impressive if you can find somewhere with a high ceiling to do the experiment in.
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The bin liner should gently float up into the air. It may be unstable and fall over - if this is the case addin[image: image5.png]GREAT LAKES
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g some tape on the bottom may stabilize it and make it fly for longer.
Scientific Background:
You wouldn't think it, but air is quite heavy.
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When you heat up air it expands - if you heat it up by 30°C it will expand by about 10%. This means that not all the original air will fit in the bin liner and maybe 6-7g will fall out of the bottom. If the bag only weighs 5g then the combination of the bag and the air inside it is now lighter than the equivalent amount of cold air.

If you put something less dense than water in water it floats, similarly if you put something less dense than air in air, it also floats, so the balloon floats up towards the sky.

[image: image7.jpg]


[image: image8.jpg]


 INCLUDEPICTURE  "http://www.thenakedscientists.com/HTML/uploads/tx_naksciimages/HotAir-Stability.gif" \d
[image: image3.png]



             

 Why is it unstable?
If you look at the bag the heaviest bit is the base (now at the top) where the plastic is all gathered together.

Having the heaviest part of the balloon at the top isn't very stable, this problem can be solved by adding tape to the bottom, making this heavier, keeping everything the right way up.

Thoughts on This Activity:

Activity Title:  Gumshoe Detectives

Clue-  Footprint- A footprint was discovered in a muddy field about 2 miles away from the Mayor's office.
Goal- Practice analyzing footprints and discover what information you can pull from one foot print.
Approximate Time Frame of Activity: 30 minutes

Materials Needed:
	Ruler per student
	Dark colored marker, per student

	Plain white paper per student
	


Activity Overview and Scientific Background:
1. Have all of the students outline their shoes on a piece of paper.  Encourage them to be as accurate as possible with their tracing.

2. Collect all the papers and give each page a different number (making a list of the kid’s name and the number of the page where his/her feet are outlined on). 

3. Then, pass one outline to each student, make sure not to give them their own shoe outline, and give them a few minutes to figure out whose shoe outline they have. They will have a really good time while they frantically try and measure other people’s shoes, while others are trying to measure their shoes!
Thoughts on This Activity:
Activity Title: Analyzing Footprints

Clue- Footprint- A footprint was discovered in a muddy field about 2 miles away from the Mayor's office.

Goal- Analyze the suspect's footprint and discover their foot size, height, weight, etc. 

Approximate Time Frame of Activity: 90 minutes

Materials Needed:
	Sand/gravel, enough to fill a tray or pan
	Disposable baking pan
	Shoes (students are fine to use)

	Play dough, enough to make a footprint in
	Paper and pens
	At least 2 Measuring tapes

	A roll of butcher paper
	Plaster of Paris
	Mixing Spoon

	Mixing Bowl
	
	


Activity Overview and Scientific Background:

Part I, Whose footprint?

Discreetly (without the other students knowing) ask 2 students with unique shoes on to press their feet in the sand/gravel tray and play dough.

1. Tell the students that often footprints are left at a scene of a crime.  Show them the footprints the students secretly made.  Allow them time to analyze them and guess if it is a male or female print, what size shoe?

2. Next allow them to examine each other's shoes.

3. As a group, the students must decide on no more than four suspects.  Those four will place their footprints next to the ones that exist, or compare their shoe to them.

4. Did the class “accuse” the right people?

Part II, How tall?
1. Brainstorm with the students about what can be learned from a set of footprints.

2. They might mention, for example, the gender of a person based on the shape of the shoe print and their approximate weight if the prints were on soft material like mud, etc. 

3. If not already mentioned, ask the students whether they could determine the perpetrator’s approximate height, and if so, how. We can assume that the longer a person’s stride, the taller the person. Tell students that they will be collecting and analyzing data in order to draw some conclusions about a suspect's approximate height. 

4. Break the students into small groups and allow them to measure and record each person’s height. After that, groups must figure out the most accurate way to measure each person’s average stride length while walking. Butcher paper can be helpful for recording footprints if available. Students may come up with several different methods, and the class will evaluate those methods later on. 

5. When each group has finished measuring the average stride length and height of each member, record all of the class data on the board. Have each group graph the data and identify any patterns 

Part III, Make a Mold

1. Take the students outside and hunt for animal tracks or footprints.

2. If you find some, discuss what they can learn from looking at the tracks.  Who or what made them?  What direction were they coming from?  Where were they headed? Etc.

3. If you find a good set of deep tracks, make a mold of them using Plaster of Paris.  You may have to make your own footprint.  Find enough dirt and add water to make a muddy print to pour the plaster inside of.

4. Follow the plaster of Paris directions and create a mold, just like cops would do at a crime scene.

What is plaster of Paris?
This plaster is made by calcining gypsum, a process which involves exposing the gypsum to very high temperatures to create calcium sulfate and then grinding it into a fine white powder. When water is added to the powder to make a slurry, the slurry can be molded in a variety of ways, and as it sets, a firm matrix is created, creating a solid shape which is also very smooth. One advantage to plaster of Paris is that there is no volume loss, so casts made with this plaster are true to the size of the mold. 
Thoughts on This Activity:
Activity Title:  Pulling Fingerprints

Clue-  A suspicious fingerprint was discovered at a home about 1 mile away from the muddy field.
Goal- Discover how to dust for fingerprints and what information you can learn about the suspect.
Approximate Time Frame of Activity: 60 minutes

Materials Needed:
	5 Drinking Glasses, must be glass
	Small, plastic container (8”X10”) with lid
	Compact disc 1-2

	Cocoa powder, 1 cup
	Bottle of superglue
	Ink pads or fingerprint kit

	5 Small soft brushes (paintbrush)
	Clear plastic wrap
	Fingerprint chart (have from other Spy Science camps)

	Clear transparent tape (packing tape works well) 
	Two aluminum tart shells
	

	Plain white paper, half per student
	Lamp with a shade
	


Activity Overview and Scientific Background:

If students attended previous camps, they may have done fingerprinting before, so the first part of the activity can be an overview if necessary and place more focus and time on the second part.

Part 1, Fingerprints
1. Discuss what the students know about fingerprinting.  Allow each student to take their thumbprint and compare it to other students.  Can they identify what type of fingerprint they have by comparing it to the chart?

Part 2, Dusting Fingerprints
Fingerprints must be removed and transported to the crime lab. They are then compared to the database of fingerprints on file. One way that detectives locate fingerprints is by dusting for them. Fingerprints are coated with powder, then lifted and taken for identification at the lab.

Allow each student to take turns completing activity and comparing their results.

1. When fingers are oily or sticky you get better fingerprints. So press an oily or sticky finger on the side of a drinking glass.

2. Coat the fingerprints with a dusting of cocoa powder.

3. Place the sticky side of the tape on the dusted fingerprint. Lift up the tape and place it on light colored construction paper.

Notes:  Talcum powder should be used on dark surfaces.  The dusting method is used to lift prints from hard surfaces, lifting prints from smooth surfaces requires chemicals.
Part 3, Latent Fingerprints
Superglue fuming is a very common technique used by forensic specialists across the world to develop fingerprints that can't be immediately seen with the naked eye, known as latent fingerprints. The fumes from the superglue will adhere to the amino acids left behind by the fingerprint secretions. This is a valuable technique that can easily be replicated.

1. Run your hand through your hair and place a few fingerprints on the compact disc

2. Place the disc in the center of the plastic container 

3. Place seven drops of Superglue in one of the aluminum tart shells and place it in the corner of the plastic container.

4. Fill the other aluminum tart shell with hot water and place it in the opposite corner of the plastic container.

1. Cover the entire plastic container with plastic wrap and then place the lid over that

2. Place the container on top of a lamp for 15 minutes. (If the superglue has fumed properly, you will notice that the fingerprints have turned white. Allow to dry for a minimum of three hours.)
If it does not work, try to attach the cd to the top of the lid. The fumes rise and within minutes the fingerprints turned white. I found placing a closed Tupperware bowl over boiling water works best. 
Thoughts on This Activity:
Activity Title:  Filtered Message

Clue- Secret note- A secret note was found inside the home, and has a mystery powder on it. The powder is believed to react with iodine.
Goal- Discover different ways to analyze secret messages and the best way to decode the clue. 
Approximate Time Frame of Activity: 30 minutes

Materials Needed:
	4 pieces of Red filter (Red cellophane wrap works)
	White paper (several sheets)

	4 Shoebox lid
	Tape

	Markers or crayons
	Scissors


Activity Overview:

Divide the students into four groups to complete activity.

1. Cut out a hole in your shoebox lid and tape the red filter over it so that the filter covers the entire hole. Make sure your hole is big enough to let you see a sheet of paper through it.

2. Take a sheet of white paper and draw on it using several colors. It might be interesting to draw a band of colors where each individual color appears in the same sequence it would appear in the rainbow.

3. Look at the paper through your shoebox filter. What happens to each color?
4. Next to each color, make a note describing what it looked like under the red filter.

5. On a new sheet of paper, write your secret message to a fellow student.

6. Take the colors that disappeared when you used your filter and scribble all over your message. Don’t fill it in solid, but try to make it as hard for an observer to see your message as possible.

7. Look at your message using your filter. Can you read it?
Results
When you look at your paper through your filter, some of the colors will disappear. The colors that disappear would be located next to each other if you were to try to find those colors in the rainbow. If you used blue, green to write your message, you should have seen the message as black or brown when you observed it through your filter. If you weren’t able to see your message, you may not have written it using the correct color, or maybe you scribbled over your message with colors that appear black when viewed through your filter.
Scientific Background:
Color is a special property of light that we can detect because our eyes have pigments in them that absorb color. These pigments tell your brain that they detect those colors. All the colors you can see are due to our brain detecting different combinations of red, blue, and green light, and when you see the color white, you‘re seeing all three of these colors blended together.

Thoughts on This Activity:
Activity Title:  Morse Code

Clue- Secret note- A secret note was found inside the home, and has a mystery powder on it. The powder is believed to react with iodine.
Goal- Same as above
Approximate Time Frame of Activity: 45 minutes

Materials Needed:
	Pencils
	5 flashlights, that work!  :)

	Papers
	Dark room to use flashlights

	Morse Code alphabet handout
	


Activity Overview:

One of the most important code systems invented is the internationally-recognized Morse code, which matches dots and dashes to letters of the alphabet.

Although Samuel F. B. Morse had patented the telegraph in 1837, it was not until 1844 that the government allocated the money to develop this revolutionary form of communication. After the telegraph system was set up, messages that had taken days or even weeks to deliver were now completed in a matter of minutes! Messages were sent through wires by tapping on keys, but kids will find it easier to distinguish dots and dashes by using flashlight signals.

What You Do:

1. Practice by writing out a word or two using dots and dashes for letters, as shown on the chart. You'll quickly see the advantage of keeping messages short and simple.

2. Write out a short message to your partner in Morse code, while her or she writes one to you. Leave a space between letters. For example:

....    .      .__..     .__..    __ __ __

H     E     L           L         O

Take turns using the flashlights to exchange the messages. Use long and short flashes to convey dashes and dots. As you receive your partner's message, jot down the dots and dashes on paper, then decipher them!

Morse Code Alphabet:

A . __ 


N __ .

B __ ... 

O __ __ __

C __ . __ .  

P . __ __ .

D __ . . 

 Q __ __ . __

 E . 


 R . __ .

 F . . __ . 

S . . .

 G __ __ . 

T __

 H . . . . 

 U . . __

 I . . 


V . . . __

 J . __ __ __ 

W . __ __

K __ . __ 

 X __ . . __

L . __ . . 

Y __ . __ __

M __ __ 

Z __ __ . .

Beginning of transmission __ . __. __

Error . . . . . . . . . .

End of transmission . __ . __ .

period . __ . __ . __

comma __ __ . . __ __

question . . __ __ . .

Thoughts on This Activity:
Activity Title:  Cipher Disk

Clue- Secret note- A secret note was found inside the home, and has a mystery powder on it. The powder is believed to react with iodine.
Goal- Same as above
Approximate Time Frame of Activity: 40 minutes

Materials Needed:
	1 large and 1 small cipher disk per student (paper handout)
	1 small tack per student

	Scissors
	1 small eraser per student (put on back of tack)

	Paper and pens
	


Activity Overview and Scientific Background:

The cipher disk was invented in 1467 by Leon Battista Alberti, a famous Italian philosopher and architect.

Alberti used two different alphabets located on concentric rings - this means one ring is inside of or on top of another. By lining up two different letters, one from each ring, he could make a simple substitution alphabet in which he could create a cipher.

During the American Civil War, the U.S. military established the Signal Corps whose job it was to make, break, send, and receive secret messages from other Corps. 

1. Print and cut out the two cipher disks.

2. Put the smaller disk on top of the larger disk and stick the tack thru the center of both disks. 

3. Stick the sharp end of the tack into the eraser. This will prevent you from sticking yourself while turning the disks to make your ciphers.

4. Pick a letter from the smaller disk on top - this will be used as the KEY that will be shared between you and your friends to encrypt and decrypt the message. 

5. Once you have picked a letter from the smaller disk, line it up with the “A” from the larger disk. Example Key: LARGE DISK: A SMALL DISK: M KEY = A:M 2. Begin encrypting each letter of your secret message. Find the first letter of your message on the larger disk and write down the cipher letter which appears underneath it on the smaller disk. 

In the example below, A=M, B=L, C=K, etc.

LARGE DISK: ABCDEFGHIJKLMNOPQRSTUVWXYZ 

SMALL DISK: MLKJIHGFEDCBAZYXWVUTSRQPON 

Continue finding each letter until your message has been encrypted. Once you are finished, send your friend the encrypted message and KEY separately. 

PLAINTEXT: MAKING CODES IS FUN 

CIPHERTEXT: AMCEZG KYJIU EU HSZ 

Thoughts on This Activity:

Activity Title:  Writing Backwards

Clue- Secret note- A secret note was found inside the home, and has a mystery powder on it. The powder is believed to react with iodine.
Goal- Same as above
Approximate Time Frame of Activity: 30 minutes

Materials Needed:
	Medium mirrors, minimum of 5
	Pencils

	Paper
	Handout of words written backward


Activity Overview and Scientific Background:

In the case of plane mirrors, the image is said to be a virtual image. Virtual images are images that are formed in locations where light does not actually reach. Light does not actually pass through the location on the other side of the mirror; it only appears to an observer as though the light is coming from this location.
If you view an image of yourself in a plane mirror (perhaps a bathroom mirror), you will quickly notice that there is an apparent left-right reversal of the image. That is, if you raise your left hand, you will notice that the image raises what would seem to be it's right hand. If you raise your right hand, the image raises what would seem to be its left hand. This is often termed left-right reversal. This characteristic becomes even more obvious if you wear a shirt with lettering. For example, a shirt displaying the word "NIKE" will read "EKIN" when viewed in the mirror.

The letters appear reversed on the image because they are actually reversed on the shirt. At least they are reversed when viewed from the perspective of a person who is facing the mirror. Imagine that! All this time you thought the mirror was reversing the letters on your shirt. But the fact is that the letters were already reversed on your shirt; at least they were reversed from the person who stands behind the T-shirt. The people who view your shirt from the front have a different reference frame and thus do not see the letters as being reversed. The apparent left-right reversal of an image is simply a frame of reference phenomenon. When viewing the image of your shirt in a plane mirror (or any part of the world), you are viewing your shirt from the front. This is a switch of reference frames.

1. Pass out some of the words printed backward.  See which students can read them.

2. Pass out mirrors and allow the students to read the messages with the mirrors.

3. Have the students practice writing backwards, it is hard to get used to, and allow them to look in the mirror to see if they did it right.

4. Pair the students up and have them write secret messages backwards to each other!
Activity Title:  Invisible Ink

Clue- Secret note- A secret note was found inside the home, and has a mystery powder on it. The powder is believed to react with iodine.
Goal- Same as above
Approximate Time Frame of Activity: 40 minutes

Materials Needed:
	2 cups of water
	Paintbrushes, on per student

	2 cups of baking soda
	Plastic cups, 10

	Thick white paper, one per student (painting on)
	Kool-Aid mix, 2-3 packets, different colors


Activity Overview and Scientific Background:
1. Divide the students into smaller groups to share the mixtures you will be creating.

2. To make your invisible ink, you mix equal parts baking soda and water. 

3. Dip a clean paintbrush into the invisible ink mixture and create your message on white paper.

4. Let the invisible ink dry. It should only take a few minutes… 
5. To make your magic revealing potion, empty the packets of drink mix into cups and mix with a small amount (probably about 1/4 – 1/3 cup) of water. If you add too much water, the citric acid will be diluted and your message may disappear again after it dries. 
6. When your baking soda/water invisible ink is dry, you are ready to start painting over it with the powdered drink mix/water magic revealing potion… 

The baking soda and the citric acid in the Kool-Aid create a reaction when the two chemicals work together to create a gas - carbon dioxide. It is the same as when combined baking soda and vinegar.  Have the students examine the back of the Kool-Aid pack.  What ingredients listed are important for the chemical reaction to occur?
Thoughts on This Activity

Activity Title:  Identifying Mystery Powder

Clue- Secret note- A secret note was found inside the home, and has a mystery powder on it. The powder is believed to react with iodine.
Goal- Identify the mystery powder to discover where the key and suspect are hidden!
Approximate Time Frame of Activity: 60 minutes

Materials Needed: 
	Pencils
	Paper
	5 Teaspoons

	2 cups Baking Soda
	2 cups Salt
	2 cups Sugar

	Print out Powder Analysis Chart
	5 Magnifying Glasses
	Eyedropper

	Iodine Solution
	Water
	4 small jars

	2 cups Cornstarch
	10 Black Construction Papers
	Vinegar

	Powder Analysis Chart per student
	
	


Activity Overview and Scientific Background:
A forensic scientist may discover powder at a crime scene. In order to determine if it is illegal or not the crime lab will identify the substance using chemistry. Take on the role of a forensic chemist to identify unknown substances.
Become a Forensic Chemist by following these procedures and filling in the Powder Analysis Chart with your results.

Complete the appearance, texture, and smell activities before opening the vinegar and iodine bottles.

1. Place one-fourth teaspoon (1 ml) of the four white powders on a sheet of black construction paper. Label the powders with the pencils.

2. Study the powders with the magnifying glass. Examine what each powder looks like. How would you describe the powder's shape. Does it have large or small grains? Your observations should be written in the appearance column of the chart.

3. Examine the powders further by rubbing each powder between your fingers. Describe how each powder feels in the Texture column of the chart.

4. Determine if there is a smell to any of the powders. Record your findings in the Smell column of the chart.

5. Take the eyedropper and place a drop of water on each individual powder. Examine what happens? Do the powders dissolve? Is there a reaction? Write your observations in the Reaction to Water column.

6. Repeat with vinegar and iodine.

Comparing test results of substances that are known help Forensic Scientists identify unknown substances.

After analyzing and recording results of each substance have your partner leave the area. Select and place one of the powders on construction paper and do not tell which substance it is. Invite your partner back to see if she/he can determine the powder by performing the same experiments and observations previously done. Change places so your partner can select one of the powders for you to identify. Can you correctly identify the mystery powder?
Extension: View the powders under a microscope.
Thoughts on This Activity:
Extra Activitites 
Activity Title: Skill Training
Approximate Time Frame of Activity: 60 minutes

Materials Needed:
Anything that can be used for an obstacle course, such as:

Limbo stick

Cray paper

hullo-hoop

balls
Activity Overview:
1. Setup an obstacle course for the student to run through. Be creative. Change it up after a few rounds and keep them challenged.

2. Hang crape paper and pretend it is laser beams they have to avoid, or use a limbo stick, jump through hullo-hoops, hit a target with a ball etc.

3. Time them and see who is the fastest spy!

Activity Title: Handwriting analysis

Approximate Time Frame of Activity: 25 minutes

Materials Needed:
Paper

Pencils or pens

Activity Overview:
Spies, detectives, and police will gather handwriting samples to compare them and see if they find a match. If someone left a note at a crime scene, how would looking at their handwriting help?

1. Have each student write their name on a piece of paper.

2. Pass the piece of paper to the person next to them and have them write that person's name on it.

Example: Sarah writes her name and then passes it to John. John then writes on her paper “Sarah”. Each paper will have the person's name written twice.

3. Have them compare how each wrote the same name.

Activity Title: Memory Game

Approximate Time Frame of Activity: 30 minutes

Materials Needed:
Assortment of legos of different shapes and sizes

Tray

Activity Overview:
1. Place a few lego pieces of various colors and sizes on a tray

2. Allow the students a limited amount of time to memorize the pieces

3. Secretly take one piece of lego away

4. Can the students tell you which piece is missing?

5. Continue the game. You can give them less time for the different rounds or add more lego pieces to increase the challenge.
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Resource List
Top Spy Secrets:

http://www.topspysecrets.com/

CIA, Kidzone

https://www.cia.gov/kids-page/k-5th-grade

MysteryNet's Kids Mysteries

http://kids.mysterynet.com/
Handouts
Clue Sheet: 
1. Watch- Watch-This watch was found at the top of a tree, out-side of the Mayor's office! The watch has stopped working. Intelligence has reason to believe that it belonged to the suspect and the key was stolen 60 minutes after the watched stopped working.
Need: Old watch

2. Footprint- A footprint was discovered in a muddy field about 2 miles away from the Mayor's office.

Need: Pre-make a Plaster of Paris footprint of suspect foot print.

 3. Fingerprint- A suspicious fingerprint was discovered at a home about 1 mile away from the muddy field.

Need: Pre-make fingerprints for lesson

4. A Secret Note- A secrete note was found inside the home, and has a mystery powder on it. The powder is believed to react with iodine.

Need: Pre-make the message to say, "I will meet you at the factory with the key at 10:00AM."
Story:

Someone has stolen the key to Cleveland and hidden it somewhere in the city! Your mission is to analyze the clues, find the suspect and key, and deliver it back to the mayor.
Start with the watch activity to determine what time the key was stolen. Then, introduce the foot print clue and analyze. Next, analyze the fingerprint, followed by the secret note. The note should lead them to a factory that makes cornstarch (the mystery powder), where the suspect and key are hidden.
	Activity
	Material
	Amount

	Murder Mystery Game
	Murder Mystery Handout Copies
	5

	
	
	

	Potato Electricity
	Jumper Wires with Alligator Clips on the end
	12

	
	Potatoes
	4

	
	Galvanized Nails
	8

	
	Copper Nails or Wires
	8

	
	Battery Operated LCD Clock (gray display with black numbers, like a cheap watch, normally taking just one 1.5V battery) 
	4

	
	Sharp Knife to cut potatoes
	1

	
	
	

	Lego Race
	Tables to work on 
	X

	
	Three small identical lego designs
	3

	
	Stop Watch
	1

	
	
	

	Hot Air
	Small thin trash bag
	1

	
	Toaster
	1

	
	Cardboard - enough to make a tube the size of your trash bag (cereal box)
	1

	
	Tape
	1

	
	High ceiling
	X

	
	
	

	Spud Shooter
	Potatoes
	2

	
	Strong Scissors
	1

	
	Cheap flimsy plastic pen, you want to be able to cut it with strong scissors
	5

	
	Thin rods, thin enough to fit inside of the pen
	5

	Activity
	Material
	Amount

	Gumshoe Detectives
	Ruler
	Per Student

	
	Dark Colored Marker
	Per Student

	
	Plain white paper
	Per Student

	
	
	

	Pulling Fingerprints
	Drinking Glasses, must be glass
	5

	
	Small, plastic container (8”X10”) with lid
	1

	
	Compact disc
	1

	
	Cocoa powder
	1 cup

	
	Bottle of superglue
	1

	
	Ink pads or fingerprint kit
	1

	
	Small soft brushes (paintbrush)
	5

	
	Clear plastic wrap
	1

	
	Fingerprint chart (have from other Spy Science camps)
	1

	
	Clear transparent tape
	1

	
	Two aluminum tart shells
	1

	
	Plain white paper
	Half per student

	
	Lamp with a shade
	1

	
	
	

	Fishing for Clues
	An assortment of small plastic items that can be frozen in ice cube trays 
	20

	
	Ice cube trays, enough to make twenty ice cubes
	2

	
	Freezer to freeze ice cubes
	1

	
	Table Salt
	1 Cup

	
	Large clear glasses
	5

	
	Plain white string/yarn
	2 yards

	
	
	

	
	
	

	Activity
	Material
	Amount

	Analyzing Footprints
	Sand/gravel enough to fill a tray or pan
	 enough to fill a tray or pan

	
	Disposable baking pan
	1

	
	Shoes (students are fine to use)
	X

	
	Play dough 
	enough to make a footprint in

	
	Paper and pens
	Per Student

	
	Measuring tapes
	2-3

	
	A roll of butcher paper
	1

	
	Plaster of Paris
	1 container

	
	Mixing Spoon
	1

	
	Mixing Bowl
	1

	
	
	

	Mission Impossible, Limbo!
	Long string or wire to make a “limbo Stick” out of
	2 yards

	
	
	

	Lie Detector Card Game (a.k.a. B.S.)
	Deck of Cards
	2

	
	
	

	Filtered Message
	Red filter (Red cellophane wrap works)
	4

	
	White paper
	several sheets

	
	Shoebox lids
	4

	
	Tape
	1 roll

	
	Markers or Crayons
	X

	
	Scissors
	1

	
	
	

	Morse Code
	Pencils
	Per student

	
	Papers
	Per student

	
	Morse Code Alphabet Handout
	1

	
	Working Flashlights
	5

	
	Dark room to use flashlights
	X

	Activity
	Material
	Amount

	Cipher Disk
	Cipher Disk (paper handout)
	1 Large Per Student
1 Small Per Student

	
	Small tack
	1 Per Student

	
	Small eraser (put on back of tack)
	1 Per Student

	
	Paper and pens
	Per student

	
	Scissors
	1

	
	
	

	Writing Backwards
	Medium mirrors
	5-6

	
	Pencils
	Per student

	
	Handout of words written backward
	Per Student

	
	Paper
	Per Student

	
	
	

	Invisible Ink
	Water
	2 Cups

	
	Paintbrushes
	1 Per Student

	
	Baking Soda
	2 Cups

	
	Plastic Cups
	10

	
	Thick White Paper (Painting On)
	1 Per Student

	
	Kool-Aid mix, different colors
	2-3 Packets

	
	
	

	Disguise Relay
	An array of dress-up clothes that are easy to take on and off:

Hats, coat, glasses, scarf, briefcase....
	X

	
	Colored Paper torn up into medium size pieces
	2

	
	
	

	Mustache Disguise
	Mustache outline
	1 Per Student

	
	Markers
	X

	
	Craft sticks
	1 Per Student

	
	Scissors
	1

	
	Tape
	1

	
	
	

	Activity
	Material
	Amount

	Dossier, Alias
	Printed handout of Dossiers
	1 Per Student

	
	
	

	Electromagnet
	Large iron nails (about 3 inches)
	4

	
	Fresh D size batteries
	4

	
	THIN COATED copper wire
	12 Feet

	
	Some paper clips or other small magnetic objects
	10

	
	
	

	Ethernet Cable
	Et Ethernet Category 5 or 6 cable, available at any electronics store
	3

	
	Cable crimper, available at any electronics or hardware store
	1

	
	RJ RJ-45 Ethernet cable connectors, available at any electronics store
	6

	
	Optional: Cable tester or internet jack
	1

	
	Sharp scissors or razor blades
	3

	
	
	

	THE CASE OF THE MISSING COMPUTER CHIP
	The 14 Clues: 5 copies. For each set, cut the clues apart, mix them up, and put them in an envelopes. 
	5 copies

	
	Student handout
	5 copies

	
	Envelopes
	5

	
	Crime Scene map
	5 copies

	
	
	

	Trust Walk
	Blindfolds
	2

	
	Chairs or Other Large Obstacles
	X

	
	
	

	Locating a Phone
	Compasses
	12 or one per 2 students

	
	Rulers
	12 or one per 2 students

	
	Handouts, Locating a Phone Information Sheet
	Per student

	
	Handouts, Locating a Phone Worksheet
	Per student

	Activity
	Material
	Amount

	Identifying Mystery Powder
	Pencils
	Per student

	
	Baking Soda
	2 Cups

	
	Iodine Solution
	1 cup

	
	Cornstarch
	2 Cups

	
	Powder Analysis Chart per student
	1 Per Student

	
	Paper
	X

	
	Salt
	2 Cups

	
	Magnifying Glasses
	5

	
	Water
	1 cup

	
	Black Construction Papers
	10

	
	Measuring Teaspoons
	5

	
	Sugar
	2 Cups

	
	Eyedropper
	12

	
	Small jars
	4

	
	Vinegar
	1 cup

	
	
	

	GPS Hide and Seek
	GPS, make sure work!
	5-6

	
	GPS Hide and Seek worksheet
	Per student

	
	Pencils
	Per student

	
	Plastic bags with candy for treasure
	5
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