1110 Tutorials.

Instructor's Notebook

CU Boulder - 

Please keep this notebook in good shape to pass on to next semester's instructor.

 (Add helpful notes!)
Last update: July 2007

Links to Tutorial Guides


1. Representations of Motion
2. Acceleration in One Dimension  (A1D)

3. Notes for Motion in Two Dimensions  (M2D)

4. Relative Motion  (REL)

5. Forces  (FRC)

6. Newton’s Second and Third Laws  (N23)

7. Tension  (TNS)

8. Work and Work-Energy Theorem  (WKE)

9. Conservation of Energy (CNE)

10. Conservation of Momentum in One Dimension  (CNP)

11. Conservation of Momentum in Two Dimensions  (2DC)

12. Dynamics of Rigid Bodies  (DRB)

13. Equilibrium of Rigid Bodies   (ERB)

14. Simple Harmonic Motion  (SHM)

15. Superposition and Reflection of Pulses  (SPR)

16. Reflection and Transmission  (R&T)

Running Tutorials in Phys 1110: A guide for the instructor.

(1110 Recitations are currently all scheduled Thursdays. )

Pre semester logistics:  

0) Look at SJP's "primer" on Tutorials, and/or talk to SJP so you have some idea what they're about. Tutorials work well, but they're not magic, and don't run themselves. 

Look over the Tutorial book and the Instructor's manual  (read their intro) 

1) Check that you don't have any recitation hour "triple booked" with sections - try to rearrange! (If you're stuck, you'll have to run a Tutorial in a regularly scheduled room, with "desks turned into small circles", a pain. )

2) Check with office - order desk copies of Tutorial workbooks for all your TA's (probably half a dozen?) AND about 7 LA's , plus yourself...    Maybe 16 total?

3) Figure out room assignments - which section will meet in which Tutorial room? This needs to be clear up front or you'll have chaos as students go to the wrong half of the "double" Tutorial space. (For grading, students MUST stick with their assigned TA's!) 

Basement Tutorial rooms have (unofficial) room numbers: G2B75 and G2B77.

You will have to inform all students where they must go, because they're assigned to other rooms! You can let them go to where they're assigned the 1st week, and have the TA tell them THERE where to go for remaining weeks.  Second week, make sure an LA hangs out in the old (assigned) room to point "late adds" where to go! 

4) For your syllabus (and to inform UW for timing of online pretests), choose which Tutorials will run which week, all semester. See Tutorial book - we've started with either "Representations of Motion" or "Acceleration in 1-D" and then gone through one Tutorial/week through the term. (I delayed "Relative Motion" to the week before "Conservation of momentum in 1-D", I skipped "Changes in energy and momentum" which is rather hard.  I skipped "conservation of momentum in 2-D". But it's your call. (It's nice to have Tutorials sync with lecture, but it's ok if they can come before or after)

5) If you give the FMCE pre/post, budget ~35 min. (You do have time the 1st week for them to do 10-15 min of "Representations of motion", or "meet the TA", or just leave).

5b) If you do the FMCE, you need to make (or find) blank copies (one is attached at the back of this notebook) You must also arrange with the office to get enough special "10 answer" bubble sheets for all students. (Students must NOT write on the exam, and you need to have TA's collect them all, we can't have copies of this test floating around in frats!) So you don't need 600 copies, just enough for students in all parallel sections.  You DO need lots of bubble sheets, one for each student, could be 600+. Please make sure TA's tell students to bubble their name/ID, even though the score will not affect their grade.  Have TA's collect and give them to you - SJP can take them to scanning (or at least give you an answer key) If you take them, be sure to ask for "each students' response for each question", which is not a usual option. 

6) Remind SJP to arrange with the University of Washington to get the Tutorial online Pretest system set up for you. 

7) Schedule your usual pre-term TA meeting with the office. (See next page, item 2)

8) Contact whoever administers STEM-TP (cosmos.colorado.edu)  to let them know you're working with LA's. Find out when their meetings for new faculty are being held. 
Week before classes start

1) Stock basement Tutorial rooms with 11x17 blank sheets of paper. 

2) Meet the LA's at their Fri. LA preterm meeting, around lunchtime. They can also meet you in the afternoon - schedule your usual pre-semester TA meeting for Fri afternoon (for spring term: Mon afternoon/evening, you're more likely to get TA's to show up !) Inform LA's to come too.
2b) Prepare a sheet of paper with ALL sections, times, and assigned TA's, and leave blanks for LA's to "sign up" (This is important! Give them time to hash this out. You really need at least one LA in each hour slot. If you have double LA's, that's better. Tell them they must each do three recitations each week (plus one hour in the Help Room)

3) Pre-term TA meeting: (See SJP's TA meeting notes for more ideas!) Basic things to go over, besides whatever grading/exam/logistics stuff you want to cover:

You must pick a regular weekly meeting time that everyone can meet (including you) every week all term. I suggest Tues 4-5, or perhaps Mon 4-5. The LA's will be good to go, TA's may need convincing(?)  Let the TA's know it's required, but also it's all the prep they need to do every week (besides grading.)

Explain and motivate Tutorials. TA/LA's are guides on the side. Recitations are for Tutorials, not for homework problems - ( help room is for homework help!) 

Explain logistics of first week (FMCE or FCI pretest, and possibly part of a Tutorial)

If doing part of a Tutorial, have them get in groups and do it themselves, YOU model the "Socratic questioning" method of teaching.  Explain why it's NOT always helpful to "show how to do it". TA's need to listen to the students first.  (Our role is supporting student engagement, not telling answers). 

Explain attendance (if you're going to have attendance count, which I recommend)

One trick: make sure a large piece of 11x17 paper is on every desk, every week. Students "sign in", TA's collect these at the end and have their names. That way students and TA's know names of everyone at their table, every week, too! 

3b) Give the TA's all materials for this week's section (FMCE pretests, bubble sheets). If they're doing (part of) a Tutorial the first week too, give each TA one blank photocopy of the Tutorial, have THEM copy a few (dozen?) to hand out to students who come unprepared the first week. (Might need to happen next week too)

4) This might be a good time to figure out how to set up the weekly online pretests. (Requires logging in, possibly setting times and dates, this is also how you'll download the list of student responses every week to give them credit for participating) 

  -> Login, Password and instructions are at the bottom of the next page! 

Every week during the term:

1) Look over the instructors manual for the upcoming Tutorial! Check out in advance of your TA meeting if you need demos/equipment/photocopies: make sure it's all there and in order) If you do a Tutorial we haven't done, ask Mike D for help. He'll also help if anything is missing/broken.

2) Do the Tutorial in advance, write out your answers. It'll help you run the meeting. Think about student misconceptions, why is the Tutorial "hammering" on certain things? What sorts of questions will help students make sense of this if they're struggling? If questions are ambiguous (sometimes intentional!) think about what they're after, so you can guide the TA's... Ask SJP about the research behind the Tutorials if you're curious or confused about what they might want...

3) Do you have hard copies ready of this week's Tutorial pretest and "sample student responses" to share with TA's and LA's at start of weekly prep meeting?  

4) Is the weekly online Tutorial pretest set up to start/end? (Start after last Mon lecture, end Th morning 8AM. (Remind students Mon/Wed lectures, for the first couple weeks) 

5) Decide which Tutorial homework pages will be due this coming week (let your TA's and students know!) I'd pick ~3-4 pp/week. (Chop regular homework correspondingly!) 

6) If you're feeling generous, buy some snacks for the TA meeting!

_____________

Instructions for using the online Tutorial, UW's "Catalyst WebQ server"

 (Please contact University of Washington, presumably Peter Shaffer, to see if you can do this)
TA/LA meeting:
1) Have TAs and LAs sit in small groups (3 or maybe 4) with a mixture of TAs and LAs in each group.  Ask TAs to keep their students in small groups, too, otherwise groups grow and they end up with groups of 5 or 6 in which it is hard for all to participate.

2) Have them all do the pretest as they arrive. 
3) Collect pretests (take a look, see what your TA's are unclear on!) then have them look over student responses to the pretest, discuss in their groups the patterns they see. Run a brief discussion of "common student ideas". (Instructor's manual sometimes has suggestions for each Tutorial) Keep all this to ~15 min or less! 
4) Then let the TA/LA's do the actual tutorial. 
a. Circulate, model what THEY will be doing - asking questions, keeping groups on track. Ask, but most important, listen. They might NOT all know all the answers right away(!)

b. Show them how to get the quieter people to contribute. Don't let anyone hide, or work alone. Make sure groups are working together, and that they all write explanations/answers in their books. Are they in agreement? 
c. The TA's/LA's will struggle much less than their students will, so you'll have time to "go meta" - ask them what questions THEY might ask a student group that's lost at this point.  
d. The students don't have to finish, but TA's/LA's do! If it takes more than hour, they need to stay. (Try to create the right atmosphere - it's not a rush to get it done!)  Try to get everyone to think about the big picture. If you saw any pretest disasters at the start, make sure everyone is in consensus about all the answers at the end of the session. 
e. A suggestion:  during training, have LAs/TAs take turns (1 page of the tutorial each) to be an “actor” and bring out student perspectives or ask probing questions like “Why did you answer that?”  The actor could pretend to think the opposite of the rest of the group.  The purpose is to give the others practice talking through their ideas, questions, and explanations and to keep the LA/TA’s from focusing only on finishing the Tutorial.

5) Remind TA's: Tutorial is for Tutorial, don't "go to the board" for the whole class, or work on trad HW!   Discourage students from leaving early (they can work on Tut. hw instead if they're done. Leaving early is very distracting for others!) 
6) Decide how you want the TA's to grade Tutorial homeworks - they might "spot check", or grade only certain problems. (You might let them guide you, see how much time it's taking them and adjust so they're not overloaded.)
7) After each online pretest, collect participation data from UW website for your gradesheet. (Assuming you give credit for this) Please do NOT grade it, just 0/1. 
8) Spend time in actual Tutorials! Take the time to do this early (and often), it will have a big impact on your understanding of these things! 
9) Make up some exam questions that have the "look and feel" of Tutorials. Feel free to consult SJP or Dubson or Holland or the Tutorial Instructor's manual for ideas. This can make all the difference in the world for student opinions of the Tutorials! 
10) Keep this notebook in good shape for next semester's instructor. (Add helpful notes!)

BEFORE END OF TERM:

1) About 2 weeks before the end, please make sure you have a scheduled recitation period in which to administer the FMCE post test. (Again, be sure you have the special 10-entry bubble sheets, and get them and the exams to the TA's at the weekly meeting) Don't try to run a Tutorial in addition to this, you can just let 'em go.

(You can give these to SJP to bring over to scanning, if you want.)

2) We usually left the very last recitation open as "exam review", (people are tired of Tutorials by now!)

3) Any feedback is most welcome, anything that will help future instructors run these things with more ease. Are these instructions helpful or not? Did I miss something critical? Can you add some suggestions of your own? Let me know. 

EVERY WEEK FROM HERE ON OUT:

First page = brief notes on this week's Tutorial. Please make additions for future instructors! 

Next page = copy of old TA meeting notes (ask SJP for .doc version if you want to do something similar. Details will vary considerably from semester to semester, but you may find useful ideas here. (E.g., every week I specify which pages from the homework book were due.)

Third page = copy of the weekly pretest. Make enough photocopies for your TA's and LA's to do at the start of their weekly meeting. Leave the original behind. If the hole punch ruins a question, or you need a new original, ask SJP for .doc version)

If you have extras, you can leave them in a folder with the notebook.

Remaining pages = copies of real student responses to that same (or a similar) pretest. Most come from our own classes at CU, some come from Washington.  (Note that each page contains about 4 students, and all pages are different!) 

Distribute these for the TA's/LA's to look at after they've done the pretest themselves. Look for common themes, student ideas. (Takes about 5-10 minutes of TA meeting)


Please collect and return these to the notebook, so it's in the same shape for next semester. 

OTHER MATERIALS YOU MIGHT WANT TO GET:

Weekly TA meeting notes (to hand out to TA's, telling e.g. what to write on the board, what homework assignments are due this week). Steve Pollock has .doc versions of these, which you will have to edit for dates adn details, but they may be a handy template. (Hard copies are available in the big notebook)

You might also want to tell the LA's about their help room hours, maybe email them this:

If you are not participating in the Field Experience, please sign up for one hour in the Physics Help Room. Help Room sign-up website:  http://capa.colorado.edu/cgi-bin/HelpRoomMgr
Scroll toward bottom of the page.  Password is HelpRoom.  Follow the link "instructors must be registered..." and submit the information.  Back to the original page, select your name, day, time, course and you will probably need to enter the password again.  

Your name remains on the schedule until you remove it, so the time you sign up for is yours each week. Try to schedule yourself into an empty or nearly-empty time slot if possible, or in a time slot the day problem sets are due (helproom gets really busy those days).  If you are an 1110 LA, and you sign up for an empty time slot, feel free to tell students from another class (1120, etc) to come back at another time or seek another helper.

Read the Guidelines for Helproom Staff if you are not already familiar with these.

History of instructors and tutorial coordinators for PHYS1110.

Spring 2004 – Steve Pollock

Fall 2004 -        Ed Kinney, Dan Dessau (NO TUTORIALS)

Spring 2005 -   Dan Dessay, Scott Robertson (NO TUTORIALS)

Fall 2005 –      Scott Robertson, James Smith  (NO TUTORIALS)

Spring 2006 – Chuck Rogers, Jim Shepard, Mike Fuchs

Summer 2006 – Steve Maxson

Fall 2006         Dana Anderson, Ed Kinney, Roberta Tanner

Spring 2007     Murray Holland, Jim Shepard, Roberta Tanner

Fall 2007 -         Chuck Rogers and Heather Lewandowski
Spring 2008      Kevin Stenson and Kathy Dessau

First LA/TA meeting, Phys 1110, Sp 2004

Steven.Pollock@colorado.edu, (303) 492-2495  (Duane F419)
Handouts: Syllabus, CAPA #1.  (Check out www.colorado.edu/physics/phys1110)

To do before first recitation:  

· Give me your name, phone #, email. Also, when can you meet for future occasional administrative TA meetings?  (Wed after colloquium? Thursday 5 pm?) 

· Get the texts from the office: Halliday/Resnick/Walker, and both Tutorial workbooks (the second is labeled "Homework", it's easy to mix them up!!)

· Sign up for Help Room office hrs: capa.colorado.edu/cgi-bin/HelpRoomMgr (secret password is HelpRoom) Sign up for at least 1 hr/section, max of 3 hrs/week.  Don't sign up for a time already covered by an 1110 TA (except Wed afternoons)  Student CAPA hws are due Wed. evenings, so you probably shouldn’t sign up for Fridays (or Mondays.)  

· You can run additional "private office hours" too, if you want, but it's not mandatory.  (Same goes for exam review sessions.)

· Complete CAPA 1, online, as soon as possible (well before your first recitation.)

Doing CAPA is important. Please do the whole CAPA assignment online every week. It runs on a Wed-Wed (7 day) cycle for students.  I'll get copies to you at least by Mon. (2 days before students see it, 9 days before it's due)  You'll have to do it quickly- your due date is Wed AM. (I pass it out to the class Wed AM).  If CAPA is programmed with an incorrect answer, it's a disaster!  You are my front line for detecting bugs before I print up and hand out the assignments. Thanks! 

· I 'd like you to attend lectures, as many and as often as you can.    This will help get you tuned in to the style, pace, and content.  If you can attend regularly, let me know, I can use your help in the lectures! (You can "taper" as the semester goes by)

We meet all Mondays at 5 PM,  You must attend this every week -  it's all the preparation you need to do for a tutorial, but it's very important you show up! Tutorials are a unique way of running recitations, They are student centered, and research based, but  they take some practice and preparation. Even if you’ve done the tutorial last semester, you should still plan on attending. 

Particularly for TA’s: (info about grading)
Long answer hws:   I will pick one problem/week and have them write up a solution to hand in at the start of recitation. It will be assigned via the class web site a week in advance.  Please grade and return them by the next week.  Base the grade on their solution, NOT the answer.  The point is that CAPA encourages solving problems "in the margin", so students don't learn how to write up neat, organized solutions.   This is where we teach them to present a solution: to draw figures, explain their logic, show the math, check their answers, do unit analysis, etc. Keep grades in your Excel spreadsheet. 

Tutorial hws:  Every week, students will be assigned a tutorial hw. (I'll let you know the assignment in advance each week) It will be due one week later at the start of the next tutorial. You should grade these, and get them back one week later.  Keep grades in your Excel spreadsheet. Back up regularly!!

Grading:  Students will be concerned about the consistency and clarity of your grading, and how helpful your comments are.  I'll email you how many points to assign to each homework. In general, for tutorial homeworks, each  lettered question can be quickly graded: 0 (for blank or awful), 1 (flawed in some significant way) or 2 (very good to perfect). (You may use half points if you want to fine tune.)   Sum up the total of all these questions at the top.   (I'll email more specific suggestions each week, and which pages/problems to grade.)  Later in the semester (soon, in fact), we’ll ease up your grading load – you’ll be able to pick for yourself which parts you want to “spot grade”. 

Grade tough: an average homework score should be below 75%.  (DO NOT INCLUDE ZERO's/no shows in determining your ave!)  We'll drop ONE (lowest) tutorial homework score.  Be constructive in your grading comments, be thorough. Students appreciate this - they recognize that tough grading helps them learn the material. (They also value a high grade more when it comes from a tough grader. )

Let them know you won't accept late hw. But, if a student says they couldn't come (due to illness or emergency), you can make your own decision to "excuse" that week. Just try to be fair and consistent. (If you don't want to deal with it, you can have them email me, and I'll get back to you. )

Participation grade:  I may  give brief essay questions.  I'll inform you by email when those are due. You will receive some kind of hard copy.. You do not need to grade these, nor return them! I only need you to record participation in your gradesheet: give them 1 pt for anything. (If someone submits a pathetic response, you can still give them .5 pt. Zero is for no-shows.) If you see responses that you think are interesting or that I'd find useful, point me to them, please!!

Exams:
· You will all be asked to proctor at each evening midterm.  Exam dates are Tuesday evening Feb 10, Mar 9 and Apr 13.   Please show up 30 minutes early (7 PM), we'll meet in the Duane lobby. (More information closer to the 1st midterm) 

· Check your schedule now - we really need you ALL to show up for all of these! 

· Final exam is Wed. May 5, 4:30-7 PM.  More info soon.

· You will be asked to proctor an "early exam" (5-6:30 PM) at least once in the semester. 
General  comments:  

· If you can't make it to a recitation, arrange for someone to substitute (you may be able to help each other with "trades". Exchange phone numbers today!) In case of serious last-minute emergency, try to at least call the physics office (492-6952).

· Keep an Excel file with attendance, long ans scores, hw scores, and participation grades. I'll ask for your class results repeatedly. (I'll provide you with an Excel template soon.) BACK UP OFTEN!!

· Keep in touch with me. You're my link to the students - if you see problems developing, topics they're not getting, anything I should hear about – please let me know.  

· I'll send emails regularly. Please read them promptly! Thanks.

· Have fun, this semester is going to be educational and entertaining for all of us!
GRADERS:  if you are an assigned grader, we will meet after the colloquium (5 PM) on Wed the day after the exam, i.e. Feb 11, Mar 10, and Apr 14, most likely on the 11th floor. Mark your calendars now - I like to get the exams graded that day (i.e. DONE on Wed evening.) We have almost 600 students, so it's a big chore for those three days in the semester! If you have homework or exams of your own due the next day, you must try hard to arrange your schedule to compensate!    Averaged over the semester, being an 1110 grader is a sweet deal compared to, say, grading for a large upper division course (!), but just be prepared to put in a big effort (and a long night) those three times. 

I can be easily persuaded to provide some pizza to keep your energy levels up for the evening. I'll be in email contact with more details soon.

There is no grading required for the final exam. However, there will be some other chores required of you during the semester associated with grading (e.g., someone will have to photocopy student exams Tues night after the exam. Someone has to help me input grades in Excel, Wed night or Thurs AM after the exams. Someone has to proctor the early exam Tuesday 5-6:30, etc. Thanks, and welcome to Phys 1110!

Instructors Notes for REPRESENTATIONS OF MOTION

This was NOT done in spring of 2006.
This Tutorial does not follow our usual pattern in this notebook (there is no time for a "pretest" online for the students, therefore no pretest for the TA/LA meeting either). That's because we generally just use this Tutorial as a "filler" for the last few minutes at the end of the very first week of the term, after students do the FMCE or FCI pretest. 

We don't have motion detectors for this, they just have to do it gedanken. (If you plan on spending a whole Tutorial on this, tell Mike Dubson, he could get you motion detectors. But, give him some good lead time! If you do this, let SJP know, we can get you a copy of the pretest. Or, just photocopy one from the Tutorial Instructor's guide)  

You will be amazed at how many challenges there are in this simple Tutorial, it's an eye opener. One nice thing is that there WILL be lots of students with good high school courses who understand this well, get them to teach their group!

Be very explicit about encouraging use of the "shared 11x17 paper". It's a great group tool, and people will be shy about it. Use it yourself as you join groups!  Students are new to Tutorials - help them make sense of what we're doing and why it's so different than they may have expected. Pay attention to getting groups "functional". (If in a regular classroom, make people move their desks into circles.)  For the next couple of weeks, part of your task is to make sure groups work together, stay together, people share their reasoning, people learn they cannot "hide" behind their talkative groupmates, etc. A big part of Tutorials is explaining to others what you're doing, it's more than just knowing the "right answer". Therefore, it's critical in Tutorials not to just "tell the answer" - let them work it out, convince themselves, make sense. Always listen carefully to where they are starting from before "telling" anything, this is the art of being a Tutorial instructor!

Make sure students are actually writing down their answers to the "Description of Motion" part (if applicable). They tend to gloss over writing, and just draw graphs. But a big part of Tutorials is getting them to articulate and explain, this is a good starting point. 

Also, make sure they can give you a good explanation for parts E and I - they're at the bottom of the page (and may get skipped) but hit on key concepts. 

NOTE: Ask SJP if you want copies of the FMCE pretest, there are lots floating around!

NOTE: For future weeks, I do not include copies of the TA meeting notes in this file. They can be found in a separate directory "TAs"

Instructors Notes on ACCELERATION IN ONE DIMENSION (A1D)

This is the 1st real Tut week. We have no apparatus, but it might be nice to get an airtrack to let people play/watch? Talk to Mike D or Jerry (plenty of lead time!) if you want this. 

Please see general notes from last week about using 11x17 paper, working as a group, etc!.

This first week sets the tone - encourage group work, help the TA's understand WHY this method of instruction is so productive, so they can get students on board and engaged.

It's critical in Tutorials not to just "tell the answer". Let 'em work it out, convince themselves, make sense of the fact that accel is not 0 (and not "straight down") at the top. The idea is harder than it looks for LOTS of students. The point is for them to develop an operational definition of "derivative", hopefully several different ways, so it's about 

a = dv/dt, and not "memorize a in this case". 

Be sure people are drawing what is asked of them in the boxes!  When students draw vectors on the balls in the fig, some may draw a vector from one ball to the next.  That’s fine as long as they understand the difference between a displacement vector and a velocity vector and that the velocity vector could have been drawn a different length.
The fact that "delta v" is "change in velocity" is not as odd/trivial as it might seem! There are several ways to think of delta v (e.g. "v2-v1", or "what you add to v1 to get v2", and is not instantly seen as "change" by every student... )

Nice followup question on page 12: what will the graph look like if you go PAST t6?  (You may see interesting answers, e.g. "v"-shaped graphs) 

I-D: it’s surprising how many students draw a graph of accel instead of an accel vector.
I-F: be sure that students don’t simply say that the accel vector points “down”.  They might actually mean vertically down instead of “down the incline”.
IIB: have them compare accel vector with the prev. page, and explain what it means(!) 


Be sure to work on "cooperative group functioning" - for the next couple of weeks, part of your task is to make sure groups stay together, people share their reasoning, people learn they cannot "hide" behind their talkative groupmates, etc. 

At the end, ask individual students to summarize this Tut. You may be surprised that they worked through the details and still don't have the "big picture" (namely that no matter the state of motion of the ball, (going up, down, or stopped) that the acceleration vector always points down the incline, and WHY)  A good thing to think about every week! 

I strongly suggest you DON'T let students leave early! Have some questions (activities/challenges) for the faster groups. Or, have them work on their Tutorial homework. Groups that leave early are very disruptive, everyone else will start to leave even if they're not done, they'll rush to finish. Control this now and it won't be a problem - future weeks the Tutorial tends to run long anyway. 

On the flip side, if groups don't finish, reassure them it's not a big deal. We don't grade the Tutorial for this reason, it's not a race! They will want/need to work through it on their own, in order to do the homework. Encourage this.  

INSTRUCTORS Notes for MOTION IN TWO DIMENSIONS (M2D)
Again, we have no toys for this, the Tutorials don't suggest anything. (Might be nice to have something to play with, if you have ideas pass them along)

Be sure to enforce/attend to the "Check your reasoning before proceeding" checkpoints. If things are busy, people can move on, but should try to get someone's attention ASAP.

There are lots of ways to get very confused about this. Watch your TAs the week before this Tutorial, many of them may get several aspects wrong here, especially at first. 

The language "angle formed by the head of one vector and the tail of another" is ambiguous. You can make a decision by fiat, or perhaps better, simply allow students to work with the ambiguity, arguing for themselves what the most sensible convention should be. Just so long as the TA's are listening/watching for this. 

Lots of students might not finish this one. That's ok, they'll get to work through it in the homework. Most students will be able to finish Section II but perhaps not have time to start Section III.

Remember that this is all still about kinematics (not dynamics), it's just thinking about acceleration as rate of change of velocity!

I think we've gotten into some arguments about how theta changes in part III (though the *limiting* case should be unambiguous). The TA's may get sidetracked trying to work it out, they should probably let it go, it's not a central issue...  

By seeing to it that there is only one large sheet of paper per group, you help to encourage the students to work together.  In the previous tutorial they really didn’t need any scratch paper, but in this one they will. 

The big ideas for them to leave with are that:

1. The velocity vector is always tangent to the path.

2. For constant speed, the acceleration vector is always normal to the path and doesn’t necessarily point towards the "center" (whatever that means).

If the object is changing speed, then the acceleration vector has a component perpendicular to the path and one parallel to the path.

Notes for RELATIVE MOTION (NOTE: we usually put this one off till just before momentum, so be aware you're probably NOT going here the week after M2D)

Very challenging Tutorial for many students (and TA's!)  Work it through with care yourself.  It's all Galilean, don't even think about worrying about special relativity here ;-)

We have no props for this one, but just "play acting" (having people play the role of various moving objects?) can help visualization.  Have the TA's practice/think about this up front.  

There are some nice places where, after "working it out", you can ask the "does this make sense" question, (e.g. IB, near the end, I think you can convince yourself by simple visualization that the shuttle appears slower to A... (?))

Look carefully at student answers to part II - there are lots of places where they can go wrong. Make sure you hear reasoning from the quiet people. 

Students can be confused by the phrase "speeding up" - (needs to be distinguished from the sign of acceleration)

Follow up on this Tutorial with some concept tests in class, it's easy to make up ones like in Part II. I have found students don't really get this topic so well, even after this Tutorial. 

Notes for FORCES

On page 1, if you see incorrect force diagrams (e.g. a "Pam" force on the block), TA's should LET IT GO, the Tutorial should help them resolve this on their own without being told what to do. (Students will revisit whether Pam's force belongs in the diagram on the next page.) But, if the groups DO get it wrong, have TA's make a mental note and follow up after the students are done with page 2. 

Most students will draw the force vectors for Chris and for the rope (or Pam) to be equal in size which is fine as long as they realize that the forces don’t have to be equal.

At this stage of the game most students get very confused about action/reaction pairs. (It might not have been covered in class yet, explicitly, so TAs need to be prepared to help a little!) Randy Knight has moved Newton's III law till later, but you might consider saying SOMETHING about it in lecture ahead of time, enough to help them with the Tutorial)
Tutorial naming convention is FBE  = force ON the Block BY the Earth. If you (or your text) use the "backwards" convention, be sure to be aware of the discrepancy. It can confuse students. This level of detail may seem tedious to you and your students, but it is a great learning tool, esp. when you start dealing with Newton III later. 

You might explain WHY it's so helpful to stay organized about naming conventions!

Some students find it odd that a normal force can point down.
Tip for TA's: on part II-D, after students are done putting "X"'s in for N-III partners, go back and look. Did they, e.g. put them in figure IIA? (They shouldn't!) 

This tutorial is long, if students don't get through the supplement it's probably fine (as always). Reassure them of this.  Most students get to, but don’t really get into, Section III.
Notes for Newton's II and III Laws (N23) 

I believe there is only ONE "X" (Newton III) partner pair in part I. Some students might disagree? :-) 

Watch carefully for the answer to the last question in part I, it's a good one. Note the "TA checkout" at the end of that section, try to get to groups quickly.

IIE - I believe that you cannot rank fA compared to NB,A any more.  Again, some students might think otherwise (or not notice/think about it at all) 
Many students think "equal and opposite force" is the same thing as "Newton-III partner". The naming convention with subscripts (FA,B, FB,A) is a little tedious, but really helps make this particular concept a lot easier. You might find the Tutorial convention for the order of the subscripts is opposite what you (or your textbook) use - not the biggest deal, but probably needs to be made explicit.  

Look for students putting N-III partners on the same object - a quick indicator that they're still confused. 

In spring 2006 students were still very confused with force pairs by this point in time.

Most students seem to make it about halfway through this tutorial.
Notes for TENSION

The curvature of the rope can be included in this story, it adds an element worth thinking about esp. for groups that are on top of everything. 

The rope is NOT massless!

As always, try to get TA's to "check people out" where the book asks them to. 

Qualitative questions about Atwood will reveal lots of confusions! The "do not use algebra" part can make it challenging, even for TA's!  Students may have a belief that the blocks in part IIIA should "line up" or somehow "balance". 

We find most students get up to, but not into, Section III.
Challenge question: In last part, after students have reasoned qualitatively that the tension must be somewhere between 2 and 4... Is it 3? (Or is it closer to 2, or closer to 4?) Why? 

Notes for WORK and W-E Theorem (WKE)

NOTE: A NEW and significantly improved version of this now exists. I have included a copy in this notebook, but you can also contact SJP for pdf files for Tutorial and homework.  You'll need to print out 4-600 copies yourself then and get it to the TA's, so do this well in advance.  - bring them to the TA meeting so the TAs have them.  Be sure to print the homework in a DIFFERENT COLOR than the Tutorial to keep them easily distinguished. 

Remaining notes are outdated, they're for the old version in the book. Sorry, you'll be largely on your own this week - but feel free to update me on new tricks, issues, and student problems associated with this Tutorial! 

It seems clear to me that the Tutorial authors are setting students up to have an easier time down the pike with basic thermodynamic ideas (so they address the LIMITATIONS of the work energy theorem as well as its uses, which is kind of cool) W(net, ext) = Delta K is absolutely true for point particles (no matter what kind of forces are involved, including friction or conservative or whatever), but it gets subtle if you're talking about a system that can store energy internally...

By the way, you can think about work using the Work energy theorem or NOT, i.e. you can always go back to basics and think about force (dotted with displacement). Similarly, "net work" can be thought of as "work done by net force" or as "algebraic sum of individual works" One point of the tutorial, I think, is for students to see that these ways are consistent, and become more fluent in using *both*. 

Notes for CHANGES IN ENERGY AND MOMENTUM:

We have skipped this tutorial at the suggestion of UW. It is, apparently, very hard. If you want to do it, it needs some equipment, you'll need to work with Mike Dubson (plenty of lead time, please!) to get this set up. However, there is a NEW Tutorial, Conservation of Energy, to replace it - see next page!

Notes for CONSERVATION OF ENERGY 

This is a NEW Tutorial (there was nothing explicitly on this topic in the book). Following in the notebook are pages with the Tutorial and Homework. Like last time, you'll need to print out copies for the students in advance (different color homework) to bring to the meeting 

Please contact SJP for pdf files for Tutorial and homework. 

It has been successfully used in Sp 2007, but I'm afraid I have no notes yet, you're on your own!  Once again, please fill me in on any thoughts you have for helpful notes here. 

Notes for CONSERVATION OF MOMENTUM IN 1-D. 

No equipment here. (Might be fun to get gliders and air tracks?? Talk to Mike D or Jerry Leigh, but you'll need lots of advance notice if you want something) 

NOTE: A NEW and significantly improved version of this now exists. I have included a copy in this notebook, but you can also contact SJP for pdf files for Tutorial and homework. (Like the last 2 weeks - you'll have to print these out in advance)

Most of the students seem to be able to finish the tutorial in the allotted time.

We have used this one for many terms, I have found this to be a very successful Tutorial, I've gotten good results on follow-up concept tests. (whereas in the pre-Tutorial days,  there was a lot of confusion about the vector nature of conservation of momentum.) 
Notes for CONSERVATION OF MOMENTUM in 2-D   (2DC)

This tutorial was first done at CU in the spring of 2006.  It is often skipped at the University of Washington (just due to lack of time, and interest in covering other topics), but we've had pretty good success with it. 

In '06, some students complained about the homework to be turned in on the day of this tutorial. They, even the better students, were upset that they had to do center of mass homework problems when it was not taught in lecture and if they had tried to look it up in the book, it turned out that it is in a different volume of the book than the one that they actually had.

Some students had a problem picturing the setup of the situation in the tutorial.  On the last part of section III, some students draw the direction of vcm as straight down and would refer back to the drawing of section I instead of the drawing of section III.

Notes for ROTATIONAL MOTION (page 57):
(We skipped this one in '06 to make time for other new ones we've now got!) 

Students may need help visualizing this. (Props?)

The explanation of the conventions involved with angular velocity are not well explained here, in my opinion. Just be clear your TA's have an understanding of what's convention here. 
In part E, it's a shame they have a large dot in the middle of the figure (which also conventionally represents an arrow pointing out of the page.)  Those figures are kind of confusing for students.

Notes for DYNAMICS OF RIGID BODIES (page 61):

NOTE: A NEW and significantly improved version of this now exists, and is attached. (As usual, contact SJP if you want pdf files, and print out copies well in advance). 

The new version is definitely very improved, but it's still a *hard* Tutorial. We've gotten into great arguments at the TA/LA meeting, their are LOTS of deep-seated confusions about these ideas. You may find TAs effectively arguing that F(net) is NOT equal to M(tot)*a(center of mass) if the Force is applied off at the edge (!)  Let the Tutorial guide them - by the end they should have it, but CHECK, talk to them, pose additional questions to make sure... You may need to think this through yourself and be prepared for the arguments. Some will feel the force gets "used up" making it spin?? (No) It's not easy (maybe not even possible?) to actually DO the experiment properly, because in real life the force won't be exactly the same (or for the same time).  Think about how the work *can* be different in the two cases, which explains why the total energy is NOT the same even though the CM motion is... 

We do have equipment for this - threads, spools, rulers.  The equipment is located in a cabinet at the back of one of the tutorial areas.  If you are facing the areas it is the second from the left.  The cabinet is also the second from the left.  The material is on the top shelf.  Play with it and make sure you know how to set things up quickly and easily ahead of time. Because of friction, the "dropped spool" demo does NOT do *exactly* what you think it should, that's worth looking for, and thinking about (especially with the TAs). It's a great topic for students to think about - what role does friction play (e.g. is the tension in the string still the same on both sides of the pulley if there's friction?)

The TAs/LAs should make sure that ALL students have a WRITTEN prediction before trying stuff.  

The Thread demo is very good, but *can* lead people to misconceptions. (Namely, that torques also "slow down" the CM of objects)  Here are some concept tests to see/help:

At the end it's worth thinking about BASIC things to ask to see if people are walking out with the big ideas: particularly Newton's II law for CM STILL holds when you have rotations!

I don't know if most students will finish this (new) Tutorial. Let me know! 
Notes for EQUILIBRIUM OF RIGID BODIES

We have these demos, but we haven't ever done this tutorial! If you like it, let me know what notes to put here.  

Notes for Conservation of Angular Momentum   (CNL)

This is a NEW Tutorial (there was nothing explicitly on this topic in the book). Following in the notebook are pages with the Tutorial and Homework. Like last time, you'll need to print out copies for the students in advance (different color homework) to bring to the meeting 

Please contact SJP for pdf files for Tutorial and homework. 

It has been successfully used in Sp 2007, but I'm afraid I have no other notes yet, you're on your own

The TAs borrowed a demo bike wheel and rotating stool from the lecture demo area, and this was very helpful (and a lot of fun) for everyone to *feel* the dynamics! I would strongly urge that this become part of the TA/LA training, and that all students be encouraged to try it out for themselves during the course of the Tutorial. The students I saw doing this really enjoyed it. 
Notes for SIMPLE HARMONIC MOTION:

This is a NEW Tutorial (there was nothing explicitly on this topic in the book). Following in the notebook are pages with the Tutorial and Homework. Like last time, you'll need to print out copies for the students in advance (different color homework) to bring to the meeting 

Please contact SJP for pdf files for Tutorial and homework. 

We have done this Tutorial every semester at CU. It seems to be fairly effective, and most students seem to finish this tutorial. I have no special comments for you here - let me know if you encounter anything worth mentioning. 
Notes for SUPERPOSITION AND REFLECTION OF PULSES

(This was not done in Spring 2006, too many other new Tutorials.)
This tutorial requires a demo, we do have the slinkies. Practice ahead of time, there are some tricks to getting good pulses. Be sure to read through page 1 and think about all the different demos you can do. Let the students come up with ideas, and make THEM observe and articulate what they see. Afterwards, if they "see" something you didn't want them too (e.g. focusing too much on the damping effects) you may need to demo with small groups some more, helping them out. 

You can also use the PHET "wave on a string" very effectively here. Set up a computer with projector if you want (or arrange for laptops) 

Important: there's another demo to be done at the end of class, reflection off a free end. (Use a ringstand on its side, with the slinky passed over it, to model the free end) This takes a lot of practice! Use some styrofoam cups to show the increase in amplitude at the very end (line up a string of cups, make the pulse pass just under them. After reflection, if you're a Jedi spring master, the LAST cup will get knocked off! Practice...)

Notes for REFLECTION AND TRANSMISSION:

We never did this one, although we did have the students do the pretest. 

