
Parents—Please Donate Materials for the CVSA Catapult Project!!!
INTRODUCTION: I am writing this letter on behalf of all of Mr. Cegielski’s 6th grade history students.  My students are currently studying about ancient Roman history.  Their main project, to be completed BEFORE Winter Break as a FINAL PROJECT GRADE FOR 1ST SEMESTER, is to build small versions of Roman catapults and/or medieval trebuchets! 
LEARNING GOAL: This project will require students to make cross-curricular connections by fostering their use of historical, mathematical and scientific skills.  Hence, I will be collaborating with Mr. Floodeen and Mr. Paoletti on this project.  Project completion is scheduled for the final week of school (Weds or Thursday, 12/16-12/17) before break.  Students will demonstrate their working models in class to test for distance and accuracy and then explain the physics behind their results.
Safety shall be made paramount on launch day—12/16 or 12/17!!! There will be plenty of close supervision to watch for flying objects!  Please instruct your child not to bring in objects that could potentially cause harm to others.
PARENTS, PLEASE READ OVER THE PROJECT REQUIREMENTS FOR THE DIFFERENT CATAPULT PLANS (TWO OPTIONS AVAILABLE) included in this packet….MATERIALS ARE DUEIN CLASS BY THIS FRIDAY 12/11/09!!!
· Obviously, we have a need for a lot of popsicle sticks, small pieces of wood, string, rubberbands,  glue, small weights, etc.  Just read over the different plans to determine needed materials… 
· Students will NOT be using power tools at CVSA, since we are making small models this year.  If a kit is purchased online or at a hobby store, simple hammer, screwdriver, nails, etc. may be required and will be permissible under my supervision.
OPTIONAL: If you and your child are interested and have a little extra money to spend, I have included information on several model kits available from the websites http://www.stormthecastle.com/catapult/index.htm or http://www.redstoneprojects.com/trebuchetstore/catapultanimation.html.
Since online shipping may take several weeks, I am sure that hobby stores such as Hobby Lobby have the kits available.  Check availability at their online stores before you make the trip.
Please, help make this a memorable learning experience for our students. Whatever little you can donate, from now through next week, will be much appreciated.  The students are really looking forward to this and they will thank you.
Sincerely, Mr. Cegielski
Questions??? Please email me at cegielskio@cvamail.com
OPTION #1: How To Build A Small Onager 
  
"An Onager is a type of catapult that uses the torsion of twisted string or rope as the force for firing" . This is a terrific little Onager project you can easily build out of popsicle sticks. This tutorial was created by Tom Wilson. My thanks to him for this project. You will quickly see why this style of catapult was named after the onager, a wild donkey famous for its kicking ability. Invented by the ancient Romans, it was still used by pretty much everyone in medieval Europe for smashing fortresses, throwing bombs, and generally blowing everything up. 
Surprisingly powerful, cheap to make, robust under combat conditions, and much simpler to operate than the finicky trebuchets, this ancient machine continued to be used right up the end of the middle ages, when it was finally replaced by cannons. 
Onager (Torsion powered) 
[image: A small Onager]
Pros: 
· --Historically authentic 
· --Looks cool 
· --Powerful and accurate 
· --Easy to operate and aim 
· --Simple, small, portable 
· --Mostly easy to build 
Cons: 
· --Difficult to modify once built 
· --Hard to repair if the rope breaks 
· --May lose some of its power over time (because the rope stretches)
· --The firing mechanism is difficult to build and may require extra help 
Materials: 
· 5 Full Sticks 
· 5 Sticks cut or broken in half 
· 3-4 feet of string 
· 1 ½" square of paper 
· Scissors 
· Hot glue 
How to Build It
•  Make the base and the uprights 
[image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image004.jpg]Glue together four full sticks and four half sticks, "log cabin" style. Put the half sticks on the bottom. 
 
 
 
[image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image006.jpg]Attach two half sticks, flat side down, in the middle of the long side of the base, as shown below. These are the uprights. 
 
 
[image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image008.jpg]Brace the uprights with two half sticks, as shown below. 
 
 
 
[image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image010.jpg]Attach a half stick across the uprights, on the opposite side from the braces. This is the crosspiece. 
 ??How would attaching the crosspiece higher or lower affect the performance of your catapult? You might attach it with masking tape, so you can try it in several places before you glue it. 
Make the throwing arm
· Tear your piece of paper to the center. Fold it into a cone and glue together. 
· Use scissors to trim the sharp corners of the cone. 
· Smash the tip of the cone flat and glue it to the end of a full stick. 
· Attach the rope. 
[image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image012.jpg]
??How would different types of strings affect the performance of your catapult? You might try using wool yarn, artificial sinew (waxed cotton), jute or nylon twine, or other kinds of string. The ancient Romans used rope made of sinew or hemp, but both of these materials are very hard to find these days. 
•  Take your piece of string and fold it in half. Hold the folded tip in your lips (or get a friend to hold it for you) and twist the string together ten or twenty times. 
•  Fold the string double again, but let the string hang by one end. It should twist itself together part way. Again, hold the loose ends in your lips and twist it all the way. 
•  Repeat step B once more. You should now have a strong, thickly twisted rope. 
•  Thread the rope between the two full sticks under the cross piece, as shown below. Tie in place around the top stick with a square knot or double overhand knot. Move the knot to the side. 
[image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image014.jpg]  [image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image016.jpg]
??What advantages and disadvantages might come with using thicker or thinner string? What changes would you have to make to your base if you were to use a thicker string? 
  Attach the arm
!!!You might need a friend to help with this step-it is difficult with only two hands. Either way, have your glue gun and throwing arm handy before you begin. 
[image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image018.jpg]•  Take your remaining half-stick and cut it in half again. This is your rope twister. Insert the flat end between the ropes. Twist backwards (away from the uprights) the desired number of times. 
 
??How many twists should you put on the rope? How will a tighter twist affect the performance of your catapult? Are there any risks to a very loose or very tight twist? 
•  After you have the rope twisted as tightly as you want it, put a generous gob of glue on the rope twister. Attach the throwing arm and hold in place for a minute or so to let the glue set. 
•  If you did it right, the arm should smack against the crosspiece when you let it go. 
[image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image020.jpg]   [image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image022.jpg]
  
Firing 
•  Holding the base with one hand, pull the arm all the way down. Put the projectile in the cone. Release. 
[image: http://www.stormthecastle.com/catapult/how-to-build-a-small-onager_clip_image024.jpg]
 
OPTION #2: The Rubber Band Powered Catapult
Here is a great little catapult project based loosely on my popsicle stick catapult and designed by Tom Wilson. He also put together this whole tutorial. My thanks to him for this! It's a fun and easy project. With just a few materials you can build this powerful little catapult in no time at all.
 [image: Rubber band powered pyramid shaped catapult]
Note from Will: I also have this neat little catapult project made from popsicle sticks: 
[image: the teeny tiny catapult]The Teeny-Tiny Popsicle Stick Catapult - The Hobbit Fun little project that comes with a video of me shooting a projectile into a Lord of the Rings Mug. This little catapult is great for having little competitions with friends. Build two and make a game of this project.
 
Pros : 
· --Fairly simple to build 
· --Fairly powerful, High trajectory, great "hang time" 
· --Fairly durable if built correctly; easy to repair 
Cons : 
· --Not historically authentic 
· --Can self-destruct if not made correctly! 
· --Less accurate than more complicated models 
Materials : 
· 11 Sticks 
· Masking Tape 
· 1 ½" square piece of paper 
· Rubber band 
· Hot glue 
· Scissors 
[image: http://www.stormthecastle.com/clip_image004_0004.jpg]1.  Make the Base. 
Lay three sticks end to end.   Tape them together. 
 
  
[image: http://www.stormthecastle.com/clip_image006_0004.jpg]•  Fold into a triangle and tape. 
•  Repeat steps 1-3. 
•  Repeat steps 1-3 again. You now have three triangles. 
 
 
[image: http://www.stormthecastle.com/clip_image008_0001.jpg]•  Place two triangles side by side. Tape together one side. 
 
 
 
[image: http://www.stormthecastle.com/clip_image010_0001.jpg]•  Open un-taped ends; place the third triangle between them. 
•  Tape this third triangle in place to complete the pyramid. 
•  Notice that three sides are made of double sticks. These are the "strong sides." The place where the three strong sides join is the "strong corner." Locate these places before continuing. 
2. Make the Throwing Arm 
[image: http://www.stormthecastle.com/clip_image012_0001.jpg]•  Tape or glue two sticks together so they overlap and are approximately 6-7" in length. 
 
 
?? How might changing the length of the arm affect velocity and trajectory? 
•  Make a cut to the center of your paper. 
•  Fold paper into a cone. Glue or tape in place. 
•  Trim corners round. 
[image: http://www.stormthecastle.com/clip_image014_0001.jpg]•  Smash point of cone flat with your finger. Glue to end of throwing arm. 
 
 
3. Attach arm and rubber band. 
•  Fold rubber band around strong side of pyramid. 
?? How might using thicker, thinner, longer, or shorter rubber bands affect performance? Are there any risks to using a stronger band? 
[image: http://www.stormthecastle.com/clip_image016_0001.jpg]•  Pull outside loop down through the inside loop. 
 
•  Insert throwing arm through rubber band loop, with cone pointing up. 
 
 
•  Using two 6" long pieces of tape, attach arm to strong corner of pyramid. 
[image: http://www.stormthecastle.com/clip_image018_0001.jpg] [image: http://www.stormthecastle.com/clip_image020_0001.jpg]
•  Wrap one piece of tape around arm to secure tape. 
[image: http://www.stormthecastle.com/clip_image022_0001.jpg]
?? How might attaching the arm more loosely affect velocity? Are there any risks to doing this? 
4  Firing 
·   Hold base at strong corner with one hand
·   Place projectile in cone. 
·   Pull arm down all the way. Release. 

Kits and More Siege Engine Projects 
Another Interesting Project: How to Build a Trebuchet 
[image: Make a trebuchet]The Trebuchet was a unique siege engine of the middle ages. It was extraordinarily powerful and was easier for military engineers to build because it used gravity as the energy source. I also have a complete project on how to make the Little Dragon Trebuchet.
 
 [image: Desktop Onager]
[image: http://www.assoc-amazon.com/e/ir?t=stormthecastl-20&l=as2&o=1&a=B001AEL63A]The Desktop Onager: An Awesome all Wood and Twine War Machine[image: http://www.assoc-amazon.com/e/ir?t=stormthecastl-20&l=as2&o=1&a=B001AEL63A] 
This awesome little machine is the perfect desktop item to enforce the peace in your cubicle or dorm room. It really works! 
This all wood and twine machine has no metal parts! Find out how the ancients were able to use nothing but wood and ropes to build machines that could hurl heavy stones great distances. 
Simple and easy to build. This kit includes everything you need except for glue and a few simple tools like scissors, sandpaper, a file (a utility knife would be helpful too) and about two or three hours of your time from start to finish. 
Designed and made in the USA for better quality, better performance! 
[image: A Piicture of a Ballista][image: http://www.assoc-amazon.com/e/ir?t=stormthecastl-20&l=as2&o=1&a=B000VS91G0]
Ballista Wood Kit[image: http://www.assoc-amazon.com/e/ir?t=stormthecastl-20&l=as2&o=1&a=B000VS91G0] Tre'bu'het: (tré-buh-shay) a fifteenth-century military engine used for hurling heavy weapons and rocks. Made from high quality knot free Basswood, this Ballista is a great addition to any homemade artillery collection. Inspired by Alexander the Great's Artillery of the Macedonian Soldiers, this ballistic firing machine is a working model easily assembled from pre-cut and pre-drilled pieces. Includes laser cut plywood wheels. A fun group or family project, once completed you and your friends and family will be experiencing the thrill of flinging projectiles like those medieval machines, but focusing on height, velocity, and distance rather than on knocking down the enemys fortress. For the truely daring, you can alter characteristics of the trebuchet such as the mass of the clay, the string length, or the amount of the counterweight and can see how the results are affected. You will also see these concepts in action: levers, inertia, counterweights, friction, and more. This kit includes all materials for construction -- Size: 11-1/2" long, 9" wide, and 5-1/2" tall. Ages 16 and up, 10-16 with adult supervision. 
[image: A Catapult Kit][image: http://www.assoc-amazon.com/e/ir?t=stormthecastl-20&l=as2&o=1&a=B000L7EGMA]Catapult Kit[image: http://www.assoc-amazon.com/e/ir?t=stormthecastl-20&l=as2&o=1&a=B000L7EGMA] - Lay Siege To The Doghouse! Right after you build your own working medieval catapult. All you'll need is glue, scissors and a steady hand to construct this wooden, Canadian-made siege engine kit. The finished catapult stands 6" tall x 5" wide x 10" long and will toss assorted stuff (meatballs?) 15 feet or further, depending upon the stuff. Comes with detailed instructions. Note: Please don't propel small mammals, and please don't put anyone's eye out. 
 
[image: Science experiment Catapult Kit]Science Project Experiment Catapult Kit (S.P.E.C.K.)[image: http://www.assoc-amazon.com/e/ir?t=siege-engines06-20&l=as2&o=1&a=B001CHV1QW]
The Ultimate Science Project Experimenter's Catapult Kit! It's fully adjustable, multi-configurable and repeatable. It's a perfect model for learning the scientific method! All in all, there are more than 400 different configurations and tuning options possible with this kit. Suitable for hundreds of experiments and learning opportunities. The completed frame is 14.5 inches long, 7 inches wide and 11 inches tall. The arm measures 20.25 inches long with multiple axle and power attachment points. This machine can hurl projectiles up to 40 feet, depending on configuration, tuning, and lots of other variables! What you can learn: This kit provides a real world, hands on example of many aspects of basic physics. It exposes the student to concepts of mechanical advantage, levers, gravity and energy, to name a few. It can demonstrate the storage and conversion of potential energy to kinetic energy through levers, and it is equipped with optional wheels, to demonstrate conservation of momentum. All in all, the concepts of efficiency, power and work can be demonstrated and applied. This kit is useful for teaching engineering, science, design of experiments, problem solving and cause-effect relationships. It was designed to get students to think about physics in a real world, tangible context. Theories can be made and tested; this process, and analyzing why the observed results occur can ultimately lead to other, more advanced concepts in physics, mechanics and mathematics. Analyzing the data can make use of statistical methods from basic averages to much more advanced topics if desired. With 18 pages of instructions including assembly of every basic configuration, suggested experiments, tuning guidelines, independent and dependent variables to record and measure, data tables, historical information about trebuchets and catapults, and more, it should be easy to get started with this Ultimate Science Project Kit! 
[image: http://www.assoc-amazon.com/e/ir?t=siege-engines06-20&l=as2&o=1&a=B001CHV1QW]
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