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TA Orientation 2005
Activity 1: UMn Model for Introductory Courses

Notes:

Whatis a TA?

What is your image of a teaching assistant (TA)?
What would you see a TA doing? Who does a
TA work with? etc.

Formulate an answer individually.
Share your answer with a partner.
Listen carefully to your partner's answer.

Create a new answer through discussion.
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TA Orientation 2005 Activity 1 (continued)

Notes:
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TA Orientation 2005 Name:
Activity #2

EXPLORATORY PROBLEM #1:
Light Patterns

Because of your physics background, you have been asked to consult for the FBI on an industrial
espionage investigation. A new invention has been stolen from a workroom, and the FBI is
trying to determine the time of the crime. They have found several witnesses who were walking
outside the building that evening, but their only recollections are of unusual light patterns on the
side of the building opposite the workroom. These patterns were caused by light from the
workroom coming through two holes in the window shade, a circular hole and a triangular hole.
The room has several lights in it, including two long workbench bulbs. During the theft, the
burglar hit one of the workbench lamps and broke the supporting wire, leaving it hanging straight
down. Together with the other bulb, it forms a large “L” shape. Going outside, you see that the
lamps do leave interesting patterns on the sidewalk. Your job is to determine, based on the light
patterns the witnesses recall seeing, when the theft took place. You decide to model the crime
scene in your lab using the equipment shown below.

) What patterns of light are produced with different shaped holes and light
s sources?

EQUIPMENT

_ Tong-filament
maglite holder bulb

frosted bulhb I

mask with mask with SCEREN
circular hole  triangular hole

maghte

You will have: a maglite holder; two mini maglites; a clear tubular bulb with a straight filament
mounted in a socket (representing a long workbench bulb); two cardboard masks, one with a
circular hole and one with a triangular hole (representing the holes in the window shade); and a
large white cardboard screen (representing the side of the building).
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TA Orientation 2005 Activity #2 (continued)

PREDICTIONS

1. Suppose you took a Maglite flashlight, took the cover off, and held it close to a card with a
small circular hole in it. What would you see on the screen behind the card? Draw what you
think you would see on the screen.

Byl

Draw here what you predict you
will see on the front of the screen.

Explain your reasoning. Why do you think this is what you will see?

2. Now suppose you had a bulb with a long filament inside. Imagine you were to hold this near
the card with a small circular hole in it. Draw what you predict you would see on the screen.

I RES:

Draw here what you predict you
will zee an the front of the screen.

Why did you draw what you drew? Explain your reasoning.
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TA Orientation 2005 Activity #2 (continued)

3. Suppose you took two of the long filament bulbs and held them together to form an “L”
shaped filament, and held this setup near a card with a small circular hole in it. What would you
see on the screen? Draw your prediction.

Draw here what you predict you
will zee an the front of the screen.

What was your reasoning?
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TA Orientation 2005 Activity #2 (continued)

4. Now imagine you kept the bulbs in the shape of an “L”, but now replace the hole in the card
with a triangle instead of a circle. Predict what you would see on the screen, and draw your
prediction.

o
5.
. 'J':a_u_ - Draw here what you predict you
., will see on the fromt of the screen.

Explain your reasoning.
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TA Orientation 2005 Activity #2 (continued)

EXPLORATION

Before you tackle the complex problem, you decide to explore the different light patterns you
can get on a screen when light from different kinds of sources shine through holes with different
shapes.

1. Suppose you had a maglite, arranged as shown below, close to a card with a small circular
hole. Predict what you would see on the screen with a lit maglite in a darkened room.

Draw here what you predict you
will see on the fromt of the screen.

Explain your reasoning.

Predict how moving the maglite upward would effect what you see on the screen. Explain.

Test your predictions. Ask an instructor for a maglite. Unscrew the top of a maglite, and
mount the maglite in the lowest hole of the maglite holder, as shown above. Place the card
with the circular hole between the maglite and the screen.

If any of your predictions were incorrect, resolve the inconsistency.
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TA Orientation 2005 Activity #2 (continued)

2. Predict how each of the following changes would affect what you see on the screen.
Explain your reasoning and include sketches that support your reasoning.

A. The mask is replaced by a mask with a triangular hole.

Byl

Draw here what you predict you
will see an the front of the screen.

B. The bulb is moved further from the mask.

C. Test your predictions. Ask your instructor for a card with a triangular hole, and
perform the experiments. If any of your predictions were incorrect, resolve the
inconsistency.
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TA Orientation 2005 Activity #2 (continued)

3. Predict how placing a second maglite above the first would affect what you see on the
screen.

Draw here what you predict you
will see an the front of the screen.

Explain your reasoning.

Test your predictions. Ask an instructor for a second maglite, and perform the experiments.
If any of your predictions were incorrect, resolve the inconsistency.

4. What do your observations suggest about the path taken by the light from the maglite to the
screen?
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TA Orientation 2005 Activity #2 (continued)

5. Imagine that you had several maglites held close together, as shown below. Predict what
you would see son the screen. Explain.

Predict what you would see on the screen if you used a bulb with a long filament instead, as
shown below. Explain.

Test your predictions. Ask an instructor for a long filament bulb, and perform the
experiments. If any of your predictions were incorrect, resolve the inconsistency.
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TA Orientation 2005 Activity #2 (continued)

6. Individually predict what you would see on the screen if you
had both a maglite and a long filament bulb arranged side by
side, as shown at right and below.

Explain your reasoning.

Compare your prediction with those of your partners. After you and your partners have
come to an agreement, test your prediction by performing the experiment. Resolve any
inconsistencies.

MEASUREMENT & ANALYSIS

You are now ready to investigate the light patterns that would be seen by the witnesses who
passed the crime scene.
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TA Orientation 2005 Activity #2 (continued)

1. Predict what you would see on the screen if you had two long
filament bulbs arranged as shown at right and below.

—
* -

&

J\It.l
I
|

W

R
3.
ol of ' '\"'\-.\_
N
.
Predict what woun would see on the acreen
if the mask were sz,
R
3.
il g ' '\"'\-.\.
W

Test your predictions. Ask your instructor for a second long-filament bulb, and perform
the experiments. If any predictions were incorrect, resolve the inconsistency.
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TA Orientation 2005 Activity #2 (continued)

CONCLUSION

What pattern would a witness see on the building wall from two horizontal lit bulbs through a
circular hole and a triangular hole in the window shade? What would a witness see when one
bulb was horizontal but the other bulb was vertical? How would you determine the approximate
time of the crime?

M CHECK YOUR UNDERSTANDING

A mask containing a hole in the shape of the letter L is placed between the screen and a very
small bulb of a maglite as shown below.

1. On the diagram below, sketch what you would see on the screen when the maglite is turned
on.

Draw here what you predict you
will see on the front of the screen.
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TA Orientation 2005 Activity #2 (continued)

2. The maglite is replaced by three long filament light bulbs that are | —
arranged in the shape of the letter F, as shown at right a below.

On the diagram, sketch what you would see on the screen when the bulbs are turned on.
Explain how you determined your answer.

Draw here what you predict you
will see an the front of the screen.

3 Predict what you would see on the screen when an ordinary frosted bulb is held in front of
the mask with the triangular hole, as pictured below. Explain your reasoning.

= .
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TA Orientation 2005 Activity #3

Physics Teaching Assistant Orientation
Team and Technical Aspects of Engineering

Delta Design Project

Write a brief report (1) summarizing your group’s design that includes the technical
specifications for each aspect--Architect, Project Manager, Structural Engineer, and Thermal
Engineer, and (2) summarizing your group's experience and learning in the Delta Design
Exercise.

Delta Design
Present your design, including the photo of your final design. Summarize the technical aspects
of your design and compare them with the specifications. Include assumptions and

interpretations.

Delta Design Review

Review your design, including the process your group used to develop it. Include the photo of
your design team. Describe the things your group did well and the things that could be improved.
Discuss the implications of your experience in the Delta Design Exercise for teaching
engineering students. Use the additional questions on the back of this handoul to help complete
this section.
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TA Orientation 2005

Activity #3 (continued)

Engineering Design

Engineering = Design

Karl A. Smith
Civil Engineering
University of Minnesota

ksmith @umn.edu
http:/Aiwww.ce.umn.edu/~smith

Physics Teaching Assistants Orientation

August 2005

Design in @ major sense is the essence of engineering;
it bagins with the identification of a need and ends with
a product or system in the hands of a user. Itis
primarily concerned with synthesis rather than the
analysis which Is central to engineering science.
Design, above all else, distinguishes engineering from
science (Hancock, 1988, National Science Foundatuon
Workshap).

Design defines engineering. It's an engineer's job to
creale new things to improve society. It's the
University's obligation to give students fundamental
educalion in design (William Durlee, ME, U of
Minnesota, Minnesota Technolog, Nov/Dec 1994).

Engineering Design

Engineering design is a systematic,
intelligent process in which designers
generate, evaluate, and specify
concepts for devices, systems, or
processes whose form and function
achieve clients’ objectives or users’
needs while satisfying a specified set
of constraints.

Enginearing Dezign Thinking, Teaching, and Leaming -

hitp fiwwew asoe erglaloutpublic Jpload/2005)6a_s I

Skills often associated with good
designers — the ability to:

tolerate ambiguity that shows up in viewing
design as inquiry or as an iterative loop of
divergent-convergent thinking;

maintain sight of the big picture by including
systems thinking and systems design;

handle uncertainty;

make decisions;

think as part of a team in a social process; and
think and communicate in the several
languages of design.

Enginearing Design Thinking, Teaching, and Learming ~
hitm fiwwon asee crg/aboutipublicationsfee/usload2005jes samala htm

Languages of Design
= verbal or textual statements
= graphical representations
* shape grammars
» features
« mathematical or analytical models
« numbers

Enginaating Design Thinking, Taaching, and Learning -
hnpcdiwww asee. orgfaboutipubl ications/jeefuplead/2005jee_sampla.him

Delta Design

¢ Design as a
social process

¢ Negotiation

Bucciarelli, Louis, L. 1935,
Designing engineers.
Cambridge, MA: MIT Prass.
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TA Orientation 2005

Activity #3 (continued)

Delta Design Task

Design of a residence for the
inhabitants of an imaginary world
— an assemblage of red and blue
triangles into an envelope
anchored in two-dimensional
space.

Design Team Roles

» Project Manager

e Structural Engineer
* Thermal Engineer
* Architect

Project Manager

Responsible for (1) Cost and schedule, (2)
Interpretation and recongiliation of
performance specifications, (3)
Negotiations with the contractor and client.

E&;
Total cost = K x (delta cost + cement cost +
module cost)

K = overhead factor= 1.5

Structural Engineer

Responsible for (1) Structural integrity, (2)
Selecting and evaluating anchor points, (3)
Ensuring strength of joints

E.g.,

> (XD = NxFXD,,

Thermal Engineer

Responsible for (1) Comfort zone, (2)
Maintaining suitable average temperature,
(3) Ensuring no hot or cold spots

N Xq, =T XN XL xk,

Architect

Responsible for (1) Form of design,
(2) Maintaining acceptable living
space, (3) Creating a distinctive
design

Blue Dispersion = (B RJ((BAB)+ (B R)




TA Orientation 2005 Activity #3 (continued)

Delta Design Schedule

1. Design Team Meeting ~ 10’

Assemble team, Check Roles (Architect, Project Manager,
Engil +» Thermal )

2. Skill Development — Meet with your “expert”
group — Review role and plan ~40' (Architects start
initial design after ~20°)

3. Designing — Work together (all 4 roles) to create
the “best” design ~60'

4. Design Review - Each group presents their
design including technical specifications — 5'/team
~30

5. Discussion

Page 18



TA Orientation 2005 Activity #3 (continued)
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TA Orientation 2005 Activity #3 (continued)

Introduction

Delta Design THE DESIGN
TASK

Project Manager’s Primer appended.

Copyright 1991 MIT, All rights reserved

1.1 Introduction

Congratulations! You are now a member of an expert design team. Your col-
lective task will be to design a new residence suitable for inhabitants of the imagi-
nary Deltoid plane. These written materials, provided to help you prepare for this
task, are organized in four sections.

The next section provides an overview of life on the Deltoid plane, DeltaP as it is known to the
natives. The following section describes your team, and the final, your design task. A second
handout, different for each team member, provides the specific information you will need to per-
form the role you have been assigned within your team. Each team member will contribute differ-
ent expertise to the project, and each has different design responsibilities to fulfill. All must work
together for your team to create a first-rate design.

1.2 Life on DeltaP

Life on DeltaP, residential and otherwise, is quite different from what you have grown accus-
tomed to here on Earth. First off, DeltaP is a plane, not a planet, so your team will be designing in
two-dimensional rather than three-dimensional space. If your design “meets spec” and is consid-
ered attractive and functional by your Deltan clients, one view on a single sheet of paper will con-
vey to those responsible for constructing it all the information they need to do so.

DELTA DESIGN 1
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TA Orientation 2005 Activity #3 (continued)

Life on DeltaP

The view on this single sheet may not be quite what you expect, however, because in addition
to lacking a z axis, Deltoid space has unfamiliar relations between the x and y axes as well. What
we think of as “perpendicular’ is hopelessly skewed to a Deltan, and vica-versa. In our units, a
right angle on DeltaP measures 60° or 7i/3 radians. Thus all sides of an equilateral triangle form
lines considered perpendicular to all others, If there were such a thing as a “circle” on DeltaP, it
woeuld be composed of only 47t/3 radians.

But there is no such thing as a “circle” on DeltaP, nor even the concept of continuity embodied
therein. In this flat though angular world, residents construct their artifacts strictly with discrete tri-
angular forms. Of these, the equilateral triangle -- with its three perpendicular sides (!)-- is consid-
ered the most pleasing. Accordingly, your team will design the residence by assembling into a

/
1QD = I quarter delta
Ihn

cluster the most prized building materials on DeltaP, equilateral triangular components called “del-
tas.” Deltas come in red and blue versions and always measure 2 lyns per side. Four “quarter-del-
tas”, QDs, triangular units of area measure with sides of 1 fyn, fit within a delta.

Lyns? QDs? Not surprisingly, Deltan systems of measurement are as unfamiliar as that for
spatial coordinates. Table 1 summarizes the measurement schemes on DeltaP that you will need
to know to carry out your design task.

All of DeltaP’s units of measure share the divisibility and extensibility conventions of the metric

TABLE 1. Measurements on DeltaP
Measurement Unit of Measurement  Symbol
Time Wex WX
Distance Lyn In
Area Quarter-Delta qd
Heat Deltan Thermal Unit DTU
Temperature Degrees Nin °Nn
Force Din Dn
Moment Lyn-Din LD
Currency Zwig !

system; in the measure of {ime, for example, there are both microwex (LLwx) and megawex (Mwx).
In relation to the attention-and life-spans of Deltans, these units are roughly equivalent to seconds
and years, respectively, here on Earth.

As building components, deltas have functional and aesthetic characteristics that are more
complex than their simple form and even dimensions would suggest. Especially when assembled
into a cluster, as you will be doing, they behave in interesting ways. Deltas conduct heat among
themselves, radiate heat to outer space, melt if too hot, and grow if too cool. Red deltas produce
heat. All deltas are subject to DeltaP’s two-dimensional gravity (which is itself subject to axial
shifts during DeltaP’s not-infrequent gravity waves). Three different kinds of cement are needed to
join them together, and joint alignment with respect to gravity affects ease of production as well as

2 DELTA DESIGN
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TA Orientation 2005 Activity #3 (continued)

Design Team Roles & Responsibilities

structural integrity. Different colors and different quantities of deltas cost different amounts of
money per delta, and can be assembled in clusters that are either exceedingly ugly or very attrac-
tive to the Deltans. Your task will be to create a design that meets prescribed goals for all of these
characteristics.

1.3 Design Team Roles & Responsibilities

Your design team is organized such that each of you will be responsible for a subset of the
design goals. One of you will be PROJECT MANAGER. Your main concerns will be with cost and
schedule, the interpretation and reconciliation of performance specifications, and negotiations with
the contractor and client. You want to keep costs and time-to-build at a minimum, but not at the
expense of quality. When your team submits its final design, the project manager must report the
estimated cost (in zwigs) and the time (in wex) that it will take to build.

Another of you will be the STRUCTURAL ENGINEER. Your main concern will be to see that
the design “holds together” as a physical structure under prescribed loading conditions. You must
see to it that the two points at which your structure is tied to ground are appropriately chosen and
that continuity of the structure is maintained. When your team submits its final design, the struc-
tural engineer must attest to its integrity by identifying the strongest and weakest joints, and esti-
mating the average load on all joints expressed as a percentage of the failure load.

Another of you will be the THERMAL ENGINEER. You will want to insure that the design
meets the “comfort-zone” conditions specified in terms of an average temperature. You must also
ensure that the temperature of all individual deltas stays within certain bounds. When your team
submits its final design, the thermal engineer must estimate internal temperature and identify the
hottest and coldest deltas.

Finally, one of you will be the ARCHITECT. Your concern is with both the form of the design in
and of itself and how it stands in its setting. You must see to it that the interior of the residence
takes an appropriate form and that egress is convenient. You should also develop a design with
character. When your team submits its final design, the architect should be prepared to present a
sketch and discuss generally how and why the Deltans will find the residence attractive and func-
tional. The architect will also be asked to estimate a few more quantitative measures of architec-
tural performance.

The following section describes the specifications that your design must meet to be accepted
by your clients on DeltaP. Familiarize yourself with these specifications. Then, for schooling in your
specialty, turn to the separate primer you have received that discusses the science and technology
of your domain. The primer contains the knowledge and heuristics you will need to estimate the
design parameters for which you are responsible. If you have questions that it does not answer, do
not hesitate to ask. You should be expert in your role before your team begins the design phase.

1.4 The Design Task

Your Delian clients have cleared the space shown on the site map and come to your team with
their need for the design of a new residential cluster. The cluster itseli must meet the following
specifications.

The client wants the cluster to provide a minimum interior area of 100 QDs (Each diamond on
your girded site map defines an area of two QDs). The shape of this space, which can of course
exceed the minimum, is a matter of design. The client has expressed enthusiasm for the newer

DELTA DESIGN 3
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TA Orientation 2005 Activity #3 (continued)

The Design Task

mode of segmenting interior space, a mode that breaks with the two-equal-zone tradition and val-
ues the suggested privacy of nooks and crannies, Still the space must be connected, i.e. no inte-
rior walls can cut the space into completely separate spaces. There must be cne and only one
entrance/exit.

The client is known to be color sensitive blue: too much blue brings on the blues, so to speak.
Ne more than 60% blue ought to be allowed:; certainly blue deltas are not to exceed 70% of the
cluster.

The residence, as all clusters, must be anchored at two points and two points only. There is a
limit to the amount of force each anchor can support, as well as to the amount of internal moment
each joint can withstand. Exceeding either limit would cause catastrophic failure and send the
unwary residents tumbling into the void. The cluster should be designed for a life of thirty mega-
wex. Gravity waves, rare but always possible, should be considered.

The average interior temperature must be kept within the Deltan comfort zone, which lies
between 55 and 65 °Nin. The temperature of the elements themselves must be kept above the
growth point of 20 °Nn and below the melt-down point of 85 °Nn. Delta temperatures outside of
this range will result in catastrophic structural failure with little more warning than excessive load.

All of this -- design, fabrication and construction -- must be done under a fixed budget and
within a given time period. At your team meeting you are to develop a conceptual design that
meets or exceeds all design goals. When each team submits their design, individual members will
be asked to report design performance on parameters for which they are responsible.

TABLE 2. Summary of Design Specifications
Functional Internal Area 100 qd
Maximum Cool Deltas (% Total) 60-70%
Average Internal Temperature Range 55-65 °Nn
Individual Delta Temperature Range 20-85 °Nn
Maximum Load at Anchor Points 20 Dn
Maximum Internal Moment 40 LD
Overhead Factor -K (varies)
Total Budget ! 1400.00

4 DELTA DESIGN
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TA Orientation 2005 Activity #3 (continued)

Introduction

Delta Design  PROJECT
MANAGER
PRIMER

1.1 Introduction

As project manager, your main concerns are cost and schedule, the interpre-
tation and reconciliation of performance specifications, and negotiations with con-
tractor and client. You want to keep costs and time-to-build at a minimum, but not
at the expense of quality. When your team submits its final design, you must
report the cost and time that you estimate will be required to build it. These esti-
mates will be in zwigs (!) and wex, respectively.

As an experienced project manager, you know that all specifications are prone to slip during
the conceptual design phase, and that budget and schedule, your specific responsibilities, are the
most vulnerable. You have already realized that both are likely to be binding constraints, and fur-
ther, that the Deltans are tight with a zwig and anxious to move in. Like clients everywhere, they
desire a better residence then they can comfortably afford.

1.2 Estimating Project Costs

Your job of estimating project cost has been greatly simplified by finding a supplier-contractor
that quotes material costs inclusive of delivery and most assembly charges. The cost schedules
presented below for buying deltas and the cement needed to glue them together thus reflect near-
final costs, with two important exceptions. One source of additional cost comes from the medular
construction techniques used on DeltaP: material prices cover the labor cost to assemble deltas
into modules, which is done at the factory, but not the on-site cost of positioning and joining these
modules into the final structure. The second additional cost is overhead, which covers, among
many other things, the cost of paying your design team.

To estimate the cost of your team'’s design:
« figure the cost of the deltas used;
s figure the cost of the cement needed to joint them;

= figure the number of modules and the cost to join them; sum all these up and multiply
by the overhead rate.

To estimate how long it will take to construct your design:

DELTA DESIGN 1
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TA Orientation 2005

Activity #3 (continued)

Delta Costs

« identify the separate modules;

= determine how long it will take to construct each one:

= determine how long it will take to assemble them at the site;

= sum these up.

1.3 Delta Costs

The cost of deltas varies by color and quantity purchased. The price break for blue deltas is at
16 units: blues cost 110 apiece if fewer than 16 are purchased, 6 for 16 or more. The price break
for red deltas is at 20 units: reds cost 18 each if fewer than 20 are purchased, 16 for 20 or more.

These costs are shown in Schedule 1.

Blue Deltas Schedule 1
10
8
Red Deltay E
v 6|
=T]
el
2 4L
N
2
L (P L g
0 10 20 30 a0

Number Purchased

Schedule 2 illustrates how the total cost of deltas purchased varies with color composition.
The y axis shows total ! cost and the x axis show the number of red deltas used. The three graphs
show the color-mix variance in total delta costs for structures using a fotal of 30, 40, and 50 deltas,
respectively. This schedule can help you calculate the most economical color mix for a given

structure size.

Total = 50 deltas

T Total = 40 deltas

Schedule 2
400
300 s
>

a B0
20 B o=
s 200 e .., Jotal = 30 delias
N o

100 |-

1 1 1 1 1 1 |

1.3.1 Cement Costs

1
10 20 30 40

Number of Red Deltas

You will need to purchase three different types of cement, at three different costs, to assemble
deltas into your structure. Three types --RZ, B2, and RB - are required because different types of
joints require different types of cement. RZ (pronounced “r squared”) is the red-red binder needed

2 DELTA DESIGN
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TA Orientation 2005 Activity #3 (continued)

Delta Costs

to bond one red delta to another red delta. AB, the most expensive, is the red-blue binder that
bonds a red delta to a blue delta. Finally, B2 is the least expensive and bonds two blue deltas. The
following costs apply;

TABLE 1. Cement Costs

Cement Unit Costs

R? 110/ 1yn
RB 120/ lyn
B? 15 /Iyn

Note that the cost of fastening one delta to another will be determined by the length of contact
between elements as well as by their respective colors: the longer the joint, the more glue is

required. A fully overlapped 2 lyn joint between a red and a blue delta will cost 140; hardly pocket
change.

e

2 byns

One Delta

1.3.2 Module Joining Costs

Should your team’s design be selected, construction will proceed in two stages. In the first
stage, individual deltas are joined into modules. This takes place at the factory, where the supplier
firm has developed jigs and fixtures that simplify the task, allowing them to accurately predict and

therefore include the costs in the quoted prices for deltas

Work in Progress

ARG

L indicates module boundary

moduled

The individual modules into which a given structure will be decomposed and constructed at
the factory are easy to identify, because the boundaries between them are defined by the orienta-
tion of the joints relative to gravity. To an earthly eye, any intersection of two dellas that runs left to

right, across the page, is a module boundary. The figure shows how this works. The design has 3
such joints, and therefore 4 modules.

When all modules are complete, they are transported to the site, joined together, and
anchored to the plane. This on-site work is more difficult to cost out in advance, so the client will
essentially have to pay whatever costs are incurred. Your experienced contractor, however, has
told you that her rule of thumb for predicting them is to figure the cost of glue needed for the mod-

DELTA DESIGN 3
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TA Orientation 2005 Activity #3 (continued)

Estimating Time-to-Build

ule-to-module joints and double it. Thus the approximate on-site cost to joint Modules 1 and 2 in
the figure could be estimated as 1 lyn of length times 15 per lyn of BB cement times 2, or 110,
These module-joining costs are in addition to the cost of cement used in joining Module 1 to Mod-
ule 2.

1.3.3 Total Cost

The total cost to execute your design may be estimated by summing up the cost of deltas,
cement, and module joinery, and multiplying the result by an overhead factor K:

Total Cost = K x (delta cost + cement cost + module cost)
Because K takes into account the cost of living on DeltaP and must be updated frequently, it is

not included in this primer. Refer to the earlier handout entitled “The Design Task™ for its value, or
ask the instructor.

1.4 Estimating Time-to-Build

Estimating time-to-build is inexact, at best, but again your contractor has supplied some rules
of thumb. Rough results are shown in the graph, but you will do better to figure them more pre-
cisely.

For each module consisting of three deltas or fewer, allow 2 wex;
For each module consisting of more than three deltas, allow 3 wex;
For each module-to-module joint, allow 4 wex;

Sum all of these up and double the result.

Time to Build

by average deltas per module.

2001 -3 deltasimodule=="

Wex

IUIZ‘G 30I4IDI50
Total Number of Deltas
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TA Orientation 2005 Activity #3 (continued)

Introduction

Delta Design THE DESIGN
TASK

Architect’s Primer appended.

Copyright 1991 MIT, All rights reserved

1.1 Introduction

Congratulations! You are now a member of an expert design team. Your col-
lective task will be to design a new residence suitable for inhabitants of the imagi-
nary Deltoid plane. These written materials, provided to help you prepare for this
task, are organized in four sections.

The next section provides an overview of life on the Deltoid plane, DeltaP as it is known to the
natives. The following section describes your team, and the final, your design task. A second
handout, different for each team member, provides the specific information you will need to per-
form the role you have been assigned within your team. Each team member will contribute differ-
ent expertise to the project, and each has different design respensibilities to fulfill. All must work
together for your team to create a first-rate design.

1.2 Life on DeltaP

Life on DeltaP, residential and otherwise, is quite different from what you have grown accus-
tomed to here on Earth. First off, DeltaP is a plane, not a planet, so your team will be designing in
two-dimensional rather than three-dimensional space. If your design “meets spec” and is consid-
ered attractive and functional by your Deltan clients, one view on a single sheet of paper will con-
vey to those responsible for constructing it all the information they need to do so.
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TA Orientation 2005 Activity #3 (continued)

Life on DeltaP

The view on this single sheet may not be quite what you expect, however, because in addition
to lacking a z axis, Deltoid space has unfamiliar relations between the x and y axes as well. What
we think of as “perpendicular’ is hopelessly skewed to a Deltan, and vice-versa. In our units, a
right angle on DeltaP measures 60° or 7t/3 radians. Thus all sides of an equilateral triangle form
lines considered perpendicular to all others. If there were such a thing as a “circle” on DeltaP it
would be composed of only 471/3 radians.

But there is no such thing as a “circle” on DeltaP, nor even the concept of continuity embodied
therein. In this flat though angular world, residents construct their artifacts strictly with discrete tri-
angular forms, Of these, the equilateral triangle -- with its three perpendicular sides (1)-- is consid-
ered the most pleasing. Accordingly, your team will design the residence by assembling into a

X GG
x/ 1QD =1 quarter delta
1lyn 2
I !y& E

—

cluster the most prized building matetials on DeltaP, equilateral triangular components called “del-
tas.” Deltas come in red and blue versions and always measure 2 [yns per side. Four “quarter-del-
tas”, QDs, triangular units of area measure with sides of 1 fyn, fit within a delta.

Lyns? QDs? Not surprisingly, Deltan systems of measurement are as unfamiliar as that for
spatial coordinates. Table 1 summarizes the measurement schemes on DeltaP that you will need
to know to carry out your design task.

All of DeltaP’s units of measure share the divisibility and extensibility conventions of the metric

TABLE 1. Measurements on DeltaP
Measurement Unit of Measurement  Symbol
Time Wex wX
Distance Lyn In
Area Quarter-Delta qd
Heat Deltan Thermal Unit DTU
Temperature Degrees Nin °Nn
Force Din Dn
Moment Lyn-Din LD
Currency Zwig it ]

system; in the measure of time, for example, there are both microwex (Lwx) and megawex (Mwx).
In relation to the attention-and life-spans of Deltans, these units are roughly equivalent to seconds
and years, respectively, here on Earth.

As building components, deltas have functional and aesthetic characteristics that are more
complex than their simple form and even dimensions would suggest. Especially when assembled
into a cluster, as you will be doing, they behave in interesting ways. Deltas conduct heat among
themselves, radiate heat to outer space, melt if too hot, and grow if too cool. Red deltas produce
heat. All deltas are subject to DeltaP’s two-dimensional gravity (which is itself subject to axial
shifts during DeltaP’s not-infraquent gravity waves). Three different kinds of cement are needed to
join them together, and joint alignment with respect to gravity affects ease of production as well as
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Design Team Roles & Responsibilities

structural integrity. Different colors and different quantities of deltas cost different amounts of
money per delta, and can be assembled in clusters that are either exceedingly ugly or very attrac-
tive to the Deltans. Your task will be to create a design that meets prescribed goals for all of these
characteristics.

1.3 Design Team Roles & Responsibilities

Your design team is organized such that each of you will be responsible for a subset of the
design goals. One of you will be PROJECT MANAGER. Your main concerns will be with cost and
schedule, the interpretation and reconciliation of performance specifications, and negotiations with
the contractor and client. You want to keep costs and time-to-build at a minimum, but not at the
expense of quality. When your team submits its final design, the project manager must report the
estimated cost (in zwigs) and the time (in wex) that it will take to build.

Another of you will be the STRUCTURAL ENGINEER. Your main concern will be to see that
the design “holds together’ as a physical structure under prescribed loading conditions. You must
see to it that the two points at which your structure is tied to ground are appropriately chosen and
that continuity of the structure is maintained. When your team submits its final design, the struc-
tural engineer must attest to its integrity by identifying the strongest and weakest joints, and esti-
mating the average load on all joints expressed as a percentage of the failure load.

Another of you will be the THERMAL ENGINEER. You will want to insure that the design
meets the “comfort-zone” conditions specified in terms of an average temperature. You must also
ensure that the temperature of all individual deltas stays within certain bounds. When your team
submits its final design, the thermal engineer must estimate internal temperature and identify the
hottest and coldest deltas.

Finally, one of you will be the ARCHITECT. Your concern is with both the form of the design in
and of itself and how it stands in its setting. You must see to it that the interior of the residence
takes an appropriate form and that egress is convenient. You should also develop a design with
character. When your team submits its final design, the architect should be prepared to present a
sketch and discuss generally how and why the Deltans will find the residence attractive and func-
tional. The architect will also be asked to estimate a few more quantitative measures of architec-
tural performance.

The following section describes the specifications that your design must meet to be accepted
by your clients on DeltaP. Familiarize yourself with these specifications. Then, for schooling in your
specialty, turn to the separate primer you have received that discusses the science and technology
of your domain. The primer contains the knowledge and heuristics you will need to estimate the
design parameters for which you are responsible. If you have questions that it does not answer, do
not hesitate to ask. You should be expert in your role before your team begins the design phase.

1.4 The Design Task

Your Deltan clients have cleared the space shown on the site map and come to your team with
their need for the design of a new residential cluster. The cluster itself must meet the following
specifications.

The client wants the cluster to provide a minimum interior area of 100 QDs (Each diamond on
your girded site map defines an area of two QDs). The shape of this space, which can of course
exceed the minimum, is a matter of design. The client has expressed enthusiasm for the newer
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TA Orientation 2005 Activity #3 (continued)

The Design Task

mode of segmenting interior space, a mode that breaks with the two-equal-zone tradition and val-
ues the suggested privacy of nooks and crannies. Still the space must be connected, i.e. no inte-
rior walls can cut the space into completely separate spaces. There must be one and only one
entrance/exit.

The client is known to be color sensitive blue; too much blue brings on the blues, so to speak.
No more than 60% blue ought to be allowed:; certainly blue deltas are not to exceed 70% of the
cluster,

The residence, as all clusters, must be anchored at two points and two points only. There is a
limit to the amount of force each anchor ¢an support, as well as to the amount of internal moment
each joint can withstand. Exceeding either limit would cause catastrophic failure and send the
unwary residents tumbling into the void. The cluster should be designed for a life of thirty mega-
wex. Gravity waves, rare but always possible, should be considered.

The average interior temperature must be kept within the Deltan comfort zone, which lies
between 55 and 65 °Nin. The temperature of the elements themselves must be kept above the
growth point of 20 °Nn and below the melt-down point of 85 °Nn. Delta temperatures outside of
this range will result in catastrophic structural failure with litle more warning than excessive load.

All of this -- design, fabrication and construction -- must be done under a fixed budget and
within a given time period. At your team meeting you are to develop a conceptual design that
meets or exceeds all design goals. When each team submits their design, individual members will
be asked to report design performance on parameters for which they are responsible.

TABLE 2. Summary of Design Specifications
Functional Internal Area 100 qd
Maximum Cool Deltas (% Total) 60-70%
Average Internal Temperature Range 55-635 °Nn
Individual Delta Temperature Range 20-85 °Nn
Maximum Load at Anchor Points 20 Dn
Maximum Internal Moment 40LD
Overhead Factor -K (varies)
Total Budget 11400.00
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Introduction

Delta Design  ARCHITECT
PRIMER

1.1 Introduction

As architect, your concern is with the intrinsic form and function of your
team's design, as well as how it relates to the site. When your team submits its
final design, you should be prepared to discuss how and why the Deltans will find
the residence attractive and functional. You will also be asked to report some
more quantitative architectural measures discussed below.

1.2 Function Follows Form

As simple as the fundamental building elements appear, quite complex, intricate and angular
form can be composed out of deltas. As architect, it is your responsibility to create design that not
only meets the clients' physical needs but in some way stands as an expression of their vision of

themselves and their community.
/
1QD = 1 quarter delta
=

You read this vision as a vision of progress and innovation. You imagine a form that, while
rooted in tradition, suggests a reaching out toward the unknown. Tradition has valued the angular
exterior facade. You want to experiment with the smooth. Perhaps a rythmic alternation of a
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Some Quantitative Measures

smooth facade over a finite number of lyns with the traditional angular exterior will prove interest-
ing

(last year's anguiar

Coming more into vogue is the angular interior, There is some kind of reversal going on here.
The interior traditionally has been made smooth, to maximize interaction ad communication. Now-
adays privacy has become a common word in architectural discourse. While an argument can be
made that the use of deltas to shape interior nooks and crannies is an inefficient use of this one
resource, you think that this is a short-sighted view even though it is a view “rationally” argued by
your engineering colleagues.

Your clients want to go even further. They seem to want some kind of “fractal” interior -- not
just one space with nooks and crannies but sub-spaces which themsalvas suggest nooks and
crannies. This is all very fuzzy in your mind but you are keen to experiment and have started
sketching.

At the same time, you are keen to economize on space designated for circulation within the
interior. You want, in other words, to maximize functional space. Note that a quarter-delta is an
area within which three inhabitants could stand and talk comfortably, one to another. Several lyns
are then required for circulation cross-section, not only within the interior but also at the entrance.

The single entrance/exit is conventionally aligned with the force field and “upstream” as
viewed from outside; that is, one enters the cluster moving forward, in the direction of gravitational
pull. This is so because Deltans are themselves subject to gravity. They have evolved over the
many gigawex of their existence to the point where they now are able to mansuver in any direction
without conscious attention to the force field. However, the entrance to most clusters is located so
that the residents would fall into rather than out of the cluster if they were to lose this sense. This
orientation is essential during passage of a gravity wave.

As noted in the description of the design task, your client is blue sensitive. While the allowable
dosage of blue deltas in the environs is no set number, you conjecture that the blues ought not to
constitute more than 60% of the elements. Dispersicn of the blues is preferred as well, so that res-
idents are not confronted with seemingly endless blue vistas when viewing the interior.

1.3 Some Quantitative Measures

Although the Deltans will ultimately judge the quality of your work by stepping back and cast-
ing a critical eye at the overall design, they have also requested that you provide some simple
measures of design quality. These measures, and the methods to use to figure them, are as fol-
lows:
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Some Quantitative Measures

* Internal Area: Estimate the internal area (in QDs) by using the grid on the site map.
Each diamond has an area of 2 QDs,

¢ Blueness; Calculate the blueness of your design by figuring out how many of the del-
tas used are blue, expressed as a percentage of the total.

e Blue Dispersion: Count the total number of joints between deltas where either or
both are blue. Now count how many of these do not join two blues, and express the

result as a percentage of the total. 100% would mean you had achieved perfect dis-
persion.

e I/E Perimeter Ratio: Measure the interior and exterior wall lengths in lyns and divide
the interior length by the exterior. Because a craggy wall will be longer than a smooth
one, the higher this ratio is, the better you have met the clients desires discussed
above. Certainly this ratio should be greater than 1.

A final note: unless told by the instructor that you will be remodeling the clients' exist-
ing residence rather than designing an entirely new one, you as architect are responsible
for putting forward an initial configuration for consideration by your design team.
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TA Orientation 2005 Activity #3 (continued)

Introduction

Delta Design THE DESIGN
TASK

Structural Engineer’s Primer appended.

Copyright 1991 MIT, Alf rights reserved

1.1 Introduction

Congratulations! You are now a member of an expert design team. Your col-
lective task will be to design a new residence suitable for inhabitants of the imagi-
nary Deltoid plane. These written materials, provided to help you prepare for this
task, are organized in four sections.

The next section provides an overview of life on the Deltoid plane, DeltaP as it is known to the
natives. The following section describes your team, and the final, your design task. A second
handout, different for each team member, provides the specific information you will need to per-
form the role you have been assigned within your team. Each team member will contribute differ-
ent expertise to the project, and sach has different design responsibilities to fulfill. All must work
together for your team to create a first-rate design.

1.2 Life on DeltaP

Life on DeltaF, residential and otherwise, is quite different from what you have grown accus-
tomed to here on Earth. First off, DeltaP is a plane, not a planet, so your team will be designing in
two-dimensional rather than three-dimensional space. If your design “meets spec” and is consid-
ered atractive and functional by your Deltan clients, one view on a single sheet of paper will con-
vey to those responsible for constructing it all the information they need to do so.

Work in Progress
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Life on DeltaP

The view on this single sheet may not be quite what you expect, however, because in addition
to lacking a z axis, Deltoid space has unfamiliar relations between the x and vy axes as well. What
we think of as “perpendicular”’ is hopelessly skewed to a Deltan, and vice-versa. In our units, a
right angle on DeltaP measures 60° or 71/3 radians. Thus all sides of an equilateral triangle form
lines considered perpendicular to all others. If there were such a thing as a “circle” on DeltaP, it
would be composed of only 47t/3 radians.

But there is no such thing as 4 “circle” on DeltaP, nor even the concept of continuity embodied
therein. In this flat though angular world, residents construct their artifacts strictly with discrete tri-
angular forms. Of these, the equilateral triangle -- with its three perpendicular sides (- is consid-
ered the most pleasing. Accordingly, your team will design the residence by assembling into a

1
1 QD = { guarter delta
1hyn

cluster the most prized building materials on DeltaP, equilateral triangular components called “del-
tas.” Deltas come in red and blue versions and always measure 2 lyns per side. Four “quarter-del-
tas”, QDs, triangular units of area measure with sides of 1 lyn, fit within a dalta.

Lyns? QDs? Not surprisingly, Deltan systems of measurement are as unfamiliar as that for
spatial coordinates. Table 1 summarizes the measurement schemes on DeltaP that you will need
to know to carry out your design task.

All of DeltaP’s units of measure share the divisibility and extensibility conventions of the metric

TABLE 1. Measurements on DeltaP
Measurement Unit of Measurement  Symbol
Time Wex WX
Distance Lyn In
Area Quarter-Delta qd
Heat Deltan Thermal Unit DTU
Temperature Degrees Nin °Nn
Force Din Dn
Moment Lyn-Din LD
Currency Zwig H

system; in the measure of time, for example, there are both microwex (LLwx) and megawex (Mwx).
In relation to the attention-and life-spans of Deltans, these units are roughly equivalent to seconds
and years, respectively, here on Earth.

As building components, deltas have functional and aesthetic characteristics that are more
complex than their simple form and even dimensions would suggest. Especially when assembled
into a cluster, as you will be doing, they behave in interesting ways. Deltas conduct heat among
themselves, radiate heat to outer space, melt if too hot, and grow if too cool. Red deltas produce
heat. All deltas are subject to DeltaP's two-dimensicnal gravity (which is itself subject to axial
shifts during DeltaP’s not-infrequent gravity waves). Three different kinds of cement are needed to
join them together, and joint alignment with respect to gravity affects ease of production as well as
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Design Team Roles & Responsibilities

structural integrity. Different colors and different quantities of deltas cost different amounts of
money per delta, and can be assembled in clusters that are sither exceedingly ugly or very attrac-
tive to the Deltans. Your task will be to create a design that meets prescribed goals for all of these
characteristics.

1.3 Design Team Roles & Responsibilities

Your design team is organized such that each of you will be responsible for a subset of the
design goals. One of you will be PROJECT MANAGER. Your main concerns will be with cost and
schedule, the interpretation and reconciliation of performance specifications, and negotiations with
the contractor and client. You want to keep costs and time-to-build at a minimum, but not at the
expense of quality. When your team submits its final design, the project manager must report the
estimated cost (in zwigs) and the time (in wex) that it will take to build.

Another of you will be the STRUCTURAL ENGINEER. Your main concern will be to see that
the design *holds together” as a physical structure under prescribed loading conditions. You must
see 1o it that the two points at which your structure is tied to ground are appropriately chosen and
that continuity of the structure is maintained, When your team submits its final design, the struc-
tural engineer must attest to its integrity by identifying the strongest and weakest joints, and esti-
mating the average load on all joints expressed as a percentage of the failure load.

Another of you will be the THERMAL ENGINEER. You will want to insure that the design
meets the “comfort-zone” conditions specified in terms of an average temperature. You must also
ensure that the temperature of all individual deltas stays within certain bounds, When your team
submits its final design, the thermal engineer must estimate internal temperature and identify the
hottest and coldest deltas.

Finally, one of you will be the ARCHITECT. Your concern is with both the form of the design in
and of itself and how it stands in its setling. You must see to it that the interior of the residence
takes an appropriate form and that egress is convenient. You should also develop a design with
character. When your team submits its final design, the architect should be prepared to present a
sketch and discuss generally how and why the Deltans will find the residence attractive and func-
tional. The architect will also be asked to estimate a fow more quantitative measures of architec-
tural performance.

The following seclion describes the specifications that your design must meet to be accepted
by your clients on DeltaP. Familiarize yourself with these speciications. Then, for schooling in your
specialty, turn to the separate primer you have received that discusses the science and technology
of your domain. The primer contains the knowledge and heuristics you will need to estimate the
design parameters for which you are responsible. If you have questions that it does not answer, do
not hesitate to ask. You should be expert in your role before your team begins the design phase.

1.4 The Design Task

Your Deltan clients have cleared the space shown on the site map and come to your team with
their need for the design of a new residential cluster, The cluster itself must meet the following
specifications.

The client wants the cluster to provide a minimum interior area of 100 QDs (Each diamond on
your girded site map defines an area of two QDs). The shape of this space, which can of course
exceed the minimum, is a matter of design. The client has expressed enthusiasm for the newer
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The Design Task

mode of segmenting interior space, a mode that breaks with the two-equal-zone tradition and val-
ues the suggested privacy of nooks and crannies. Still the space must be connected, i.e. no inte-
rior walls can cut the space into completely separate spaces. There must be one and only one
entrance/exit.

The client is known to be color sensitive blue; too much blue brings on the blues, so to speak.
No more than 60% blue ought to be allowed; certainly blue deltas are not to exceed 70% of the
cluster.

The residence, as all clusters, must be anchored at two points and two points only. There is a
limit to the amount of force each anchor can support, as well as to the amount of internal moment
each joint can withstand. Exceeding sither limit would cause catastrophic failure and send the
unwary residents tumbling into the void. The cluster should be designed for a life of thirty mega-
wex. Gravily waves, rare but always possible, should be considered.

The average interior temperature must be kept within the Deltan comfort zone, which lies
between 55 and 65 °Nin. The temperature of the elements themselves must be kept above the
growth point of 20 °Nn and below the melt-down point of 85 °Nn. Delta temperatures outside of
this range will result in catastrophic structural failure with little more warning than excessive load.

All of this -- design, fabrication and construction - must be done under a fixed budget and
within a given time period. At your team meeting you are to develop a conceptual design that
meets or exceeds all design goals. When each team submits their design, individual members will
be asked to report design performance on parameters for which they are responsible.

TABLE 2. Summary of Design Specifications
Functional Internal Area 100 qd
Maximum Cool Deltas (% Total) 60-70%
Average Internal Temperature Range 55-65 °Nn
Individual Delta Temperature Range 20-85 °Nn
Maximum Load at Anchor Points 20 Dn
Maximum Internal Moment 40LD
Overhead Factor -K (varies)
Total Budget ! 1400.00
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Introduction

Delta Designh STRUCTURAL
ENGINEER
PRIMER

1.1 Introduction

As structural engineer, you are responsible for the physical integrity and
robustness of your team’s design. You must insure that the residence you propose
will hold together under prescribed loading conditions. You should see to it that
the two points at which your structure is anchored to the plane are appropriately
chosen, that all joints are sufficiently strong, and that the overall shape of the clus-
ter does not violate sound structural engineering practice. You should also strive
for an elegant and efficient design, one that provides the requisite strength and
durability with minimum costs and materials.

When your team submits its final design, you will be asked to attest {o its quality by explaining
the location of the anchors, identifying the strongest and weakast joints, and estimating, as a mea-
sure of robustness, the average load on all joints expressed as a percentage of failure loads. You
may be asked to predict what will happen to your design during the next gravity wave. This primer
will give you the tools, essentially the methods of static equilibrium analysis, with which to do your
work. It assumes you have read the introduction to the Delta design exercise.

1.2 The Gravitational Field — The Center of Gravity

A uni-directional, gravitational force field acts on each delta in the plane. The direction of this
force is parallel to the y axis shown on the site map and in the figures.
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The Gravitational Field — The Center of Gravity

Each delta experiences a force of one din. Thus for the cluster of 24 elements shown in the
figure, we can say

*that it has a total weight of 24 diins, and

« that the resulting force due to Deltan gravity acts in the plane along a line parallel to
the y axis and running through the cluster’s center of gravity, as shown.

The structure is kept stationary despite this force by offsetting reaction forces at the anchors,
marked in the figure as points A and 8.

The first step in structural analysis is 1o locate the cluster's center of gravity (CG). For our ini-
tial purposes, we actually only need the CG's x coordinate, which gives us the line of action of the
gravity force shown on the previous page. We do not need to know the y coordinate until we con-
sider DeltaP's recurrent gravity waves, which flip gravity between axes, and when the time comes,
you can determine it by similarly flipping the following moment equilibrium calculation. You may
also use the moment equilibrium technique to locate the CG of any subsection of a cluster.

There are two things to keep in mind throughout your calculations. First, keep them as simple
as possible. Work only in integers, always rounding up or down and estimating distances, forces
and moments to the nearest lyn, din, or lyn-din respectively.

Second, keep in mind the peculiarities of Deltan space, where “perpendicular’ describes an
arc measuring only 60 degrees or 7/3 radians in our units, and where distance measurements are
made only along lines parallel to the axes. On DeltaP, the distance between anchors A and B, for
example, measures 10 lyns, as shown in the previous figure.

This distinetion is critical in the calculation of moment, the turning effect of a force about a
point. As on Earth, moment is still the product of the force and its distance from the peint, but the
distance must be measured in Deltan space. The moment that force RF, exerts about point B, for
example, is the product of the distance in lyns, measured parallel to the x axis, from the line of
action of RF,4 to anchor B (70 lyns), and force RF, measured in dins. Not surprisingly, moment,
M, is measured in lyn-dins, abbreviated LD:

M (RF, about B), in lyn-dins = 10 lyns XRF 4 dins

Now, finding the CG. Using our knowled
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given point will sum to zero, we can find a cluster's CG in reference to any delta, call it the i'h, by
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Estimating Support Loads

-_—

equating the sum of moments around it generated by gravity acting on each individual delta to the
moment of the entire cluster around it:

N

2 (fxpy = NxfxD,

=1

where:
¢ Nis the number of deltas in the cluster;
o fis the gravity force experience by each delta, equal to 1;
* Dy is the distance between the # and each other delta;
* Djegis the distance between the " delta and the CG line of action du to gravity.
Simplifying and solving for Dj oq gives us: .
Z Dij

o
Diey = x

So finding the CG's x coordinate is as simple as summing up the distances between any delta
and all others, dividing by the total number of deltas, and adding the result to the x coordinate of
the delta used as a reference. Just be sure to adhere to Deltan measurement technique, and
express distances to the left and right of the reference as negative and positive numbers respec-
tively.

In the example shown in the figure, the distances from the M delta sum to 102 fyns. Dividing

by N=24 gives us 4 lyns, which we then count over, and viola, we have the location of the CG’s line
of action of the force due to gravity. Call this the CG LOA.

1.3 Estimating Support Loads

Each of the two anchors has suificient strength to support a load of 20 dins. They can resist no
twisting effect, no moment, about their axes, l.e, they act as frictionless pins holding the cluster in
place. To estimate the support loads that they will be subject to, first sum up the total force due to
gravity acting on all deltas in the cluster. We know that this force, measured in dins as discussed
above, is equal to the total number of elements N since each element experiences a force of 7 din.
We also know that, for equilibrium, the two reaction forces at the anchors, marked on the figure as

RF4 and RF g must also sum to this total force:
RF, + RFp= N Xf =24 dins

We need a second equation to solve for the reaction forces, which we can get by calculating
the moment equilibrium of the entire cluster with reference to either anchor. We will use anchor B
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Internal Moments and Fastener Requirements

as a reference. In Deltan equilibrium analysis lingo — we take m
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to the figure, assume that a positive moment acts to rotate the cluster counter-clockwise. Measure
the distance from the CG LOA to anchor B: these 2 lyns are the distance over which the 24 din
gravity force acting on the entire cluster creates a moment about B.

Since we know that, in equilibrium, the (positive) moment of RF,4 about anchor B must bal-
ance the (negative) moment of the entire cluster about B, we have that:

10 lyns XRF, - (24 dins X 3 lyns) =0
We solve for RF 4
RF, = 72 lyn-dins/ 10 lyns = 7 dins
And, with the first equation, for RFp
RFp =24-RF,= 17 dins
Since anchors can withstand 20 dins, anchor A is in fine shape. Anchor B, however, only has

a safety margin of 20/17, or roughly 7.2, This is ok, but you won't win awards for robustness. Can
you see how to relocate the anchors for a better balance of reaction forces?

1.4 Internal Moments and Fastener Requirements

Adjacent elements are held together by cement. The cement is necessary because otherwise
the structure could not support the internal forces and moments, again due to gravitational load-
ing. T internal moment is the most critical of these. Although the strength of the cement varies by
supplier, your source has certified hers at 20 LD per lyn of contact, resulting in the linear relation-
ship between length and strength shown in the figure below. A fully overlapped joint fastened with

Joint Length = 0.5 lyn 1.0 lyn 1.5 Iyn 2.0lyn
Muaximum Monent = 10 LD 20LD 30LD 40 LD

this cement will have a maximum allowable internal moment of 40 lyn-dins,
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TA Orientation 2005 Activity #3 (continued)

Internal Moments and Fastener Requirements

Given this length-strength relationship, how do we estimate the actual internal moments that
joints will experience and must withstand? Simply treat each joint as the boundary of a subcluster,
and derive the moment at the joint from the equation for moment equilibriurn of this subcluster. For
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the subcluster shown in the figure the moment at t
found in the following steps:

VY VY YW X W
he intersection of deltas i and j, denoted My is
» find the sub-cluster's CG LOA and its distance from the joint: here, about 2 or 3 lyns;

¢ find the force exerted due to gravity by the subcluster, a quantity equal to the humber
of deltas in t: here 8 dins;

» find the product, which gives us the moment of the subcluster about the joint;

«if the subcluster contains any anchor points, figure the moments of resulting reaction
forces around the joint; in this case, we know that RF,=7 dins, and measure the dis-
tance as 4 lyns;

* taking moments about the joint as positive if they tend to rotate the section clock-
wise, express the fact that for equilibrium the sum of all the moments must be zero:

Mj;+ (moment of subcluster about joint) - (moment of RF, about joint) =0
* solve for Mj;
Mj;= (moment of RF about joint) - (moment of subcluster about Jjoint)
So in our case, we get
My =(7dinx 4 lyn)-(8dnx2or3iyn)= 12 0r4 LD,
This sounds pretty 1ame, since the joint is fully overlapped and can withstand 40 LD, In fact, it
sounds like a waste of cement, because a joint 25% shorter would still provide a hefty safety mar-
gin.

With these same six steps, we can estimate the internal moment at any joint we choose to
examine, and compare it to the strength of the joint.
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TA Orientation 2005 Activity #3 (continued)

Gravity Waves

1.5 Gravity Waves

Finally, although the gravitational force across the Deltoid plane is forever constant in magni-
tude, the rare but inevitable gravity wave will, when it comes, instantaneously shift its direction
orthogonally; from that of the Yy axis shown on the site map to that of the x axis. Gravity will then
retain that direction until the next wave arrives and causes it to shift back. The figure shows the

change in internal moment that the joint just discussed would undergo in the event of such a
wave. We now obtain

Mg- = (12dins X 4 lyns) - (7 dins X 3 lyns) = 27 LD

which is significantly greater than the value previously obtained. Note that the reaction force at the
anchor point has changed as well,

‘ayebll estimdle
Subcli uster,
cg‘&‘!aa*-.\ !

The last gravity wave passed through about 40 megawex (Mwx) ago, causing widespread
destruction. The time period between waves is a random variable — a Poisson process with a
mean arrival time of 80 Mwx. The statistics are generally considered “good” only for the past
gigawex or so, and myths of old suggest that but ten Mwx separated two waves at the time of the
flood. Should you worry about it?
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TA Orientation 2005 Activity #3 (continued)

Introduction

Delta Design THE DESIGN
TASK

Thermal Engineer’s Primer appended.

Copyright 1991 MIT, Al rights reserved

1.1 Introduction

Congratulations! You are now a member of an expert design team. Your col-
lective task will be to design a new residence suitable for inhabitants of the imagi-
nary Deltoid plane. These written materials, provided to help you prepare for this
task, are organized in four sections.

The next section provides an overview of life on the Deltoid plane, DeltaP as it is known to the
natives. The following section describes your team, and the final, your design task. A second
handout, different for each team member, provides the specific information you will need to per-
form the role you have been assigned within your team. Each team member will contribute differ-
ent expertise to the project, and each has different design responsibilities to fulfill. All must work
together for your team to create a first-rate design.

1.2 Life on DeltaP

Life on DeltaP, residential and otherwise, is quite different from what you have grown accus-
tomed to here on Earth. First off, DeltaP is a plane, not a planet, so your team will be designing in
two-dimensional rather than three-dimensional space. If your design “meets spec” and is consid-
ered altractive and functional by your Deltan clients, one view on a single sheet of paper will con-
vey to those responsible for constructing it all the information they need to do so.
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TA Orientation 2005 Activity #3 (continued)

Life on DeltaP

The view on this single sheet may not be quite what you expect, however, because in addition
to lacking a z axis, Daltoid space has unfamiliar relations betwsen the x and y axes as well. What
we think of as “perpendicular’ is hopelessly skewed to a Deltan, and vice-versa. In our units, a
right angle on DeltaP measures 60° or 70/3 radians. Thus all sides of an equilateral triangle form
lines considered perpendicular to all others. If there were such a thing as a “circle” on DeltaP, jt
would be composed of only 471/3 radians.

But there is no such thing as a “circle” on DeltaP, nor even the concept of continuity embodied
therein. In this flat though angular world, residents construct their artifacts strictly with discrete tri-

angular forms. Of these, the equilateral triangle -- with its three perpendicular sides (!)-- is consid-
ered the most pleasing. Accordingly, your team will design the residence by assembling into a

/
1QD = I quarter delta
1lyn
I [yx s

-

cluster the most prized building materials on DeltaP, equilateral triangular components called “del-
tas." Deltas come in red and blue versions and always measure 2 lyns per side. Four “‘quarter-del-
tas”, QDs, triangular units of area measure with sides of 1 lyn, fit within a delta.

Lyns? QDs? Not surprisingly, Deltan systems of measurement are as unfamiliar as that for
spatial coordinates. Table 1 summarizes the measurement schemes on DeltaP that you will heed
te know to carry out your design task.

All of DeltaP's units of measure share the divisibility and extensibility conventions of the metric

TABLE 1. Measurements on DeltaP
Measurement Unit of Measurement  Symbol
Time Wex WX
Distance Lyn In
Area Quarter-Delta qd
Heat Deltan Thermal Unit DTU
Temperature Degrees Nin °Nn
Force Din Dn
Moment Lyn-Din LD
Currency Zwig !

system; in the measure of time, for example, there are both microwex (Lwx) and megawex (Mwx).
In relation to the attention-and life-spans of Deltans, these units are roughly equivalent to seconds
and years, respectively, here on Earth.

As building components, deltas have functional and aesthetic characteristics that are more
complex than their simple form and even dimensions would suggest. Especially when assembled
into a cluster, as you will be doing, they behave in interesting ways. Deltas conduct heat among
themselves, radiate heat to outer space, melt if too hot, and grow if too cool. Red deltas produce
heat. All deltas are subject to DeltaP’s two-dimensional gravity (which is itself subject to axial
shifts during DeltaP’s not-infrequent gravity waves). Three different kinds of cement are needed to
join them together, and joint alignment with respect to gravity affects ease of production as well as
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TA Orientation 2005 Activity #3 (continued)

Design Team Roles & Responsibilities

structural integrity. Different colors and different quantities of deltas cost different amounts of
money per delta, and can be assembled in clusters that are either exceedingly ugly or very attrac-
tive to the Deltans. Your task will be to creats a design that meets prescribed goals for all of these
characteristics.

1.3 Design Team Roles & Responsibilities

Your design team is organized such that each of you will be responsible for a subset of the
design goals. One of you will be PROJECT MANAGER. Your main concerns will be with cost and
schedule, the interpretation and reconciliation of performance specifications, and negotiations with
the contractor and client. You want to keep costs and fime-to-build at a minimum, but not at the
expense of quality. When your team submits its final design, the project manager must report the
estimated cost (in zwigs) and the time (in wex) that it will take to build.

Another of you will be the STRUCTURAL ENGINEER. Your main concem will be to see that
the design “holds together” as a physical structure under prescribed loading conditions. You must
see to it that the two points at which your structure is tied to ground are appropriately chosen and
that continuity of the structure is maintained. When your team submits its final design, the struc-
tural engineer must attest to its integrity by identifying the strongest and weakest joints, and esti-
mating the average load on all joints expressed as a percentage of the failure load.

Another of you will be the THERMAL ENGINEER. You will want to insure that the design
meets the “comfort-zone" conditions specified in terms of an average temperature. You must also
ensure that the temperature of all individual deltas stays within certain bounds. When your team
submits its final design, the thermal engineer must estimate internal temperature and identify the
hottest and coldest deltas.

Finally, one of you will be the ARCHITECT. Your concern is with both the form of the design in
and of itself and how it stands in its setting. You must see to it that the interior of the residence
takes an appropriate form and that egress is convenient. You should also develop a design with
character. When your team submits its final design, the architect should be prepared to present a
sketch and discuss generally how and why the Deltans will find the residence attractive and func-
tional. The architect will also be asked to estimate a few more quantitative measures of architec-
tural performance.

The following section describes the specifications that your design must meet to be accepted
by your clients on DeltaP. Familiarize yourself with these specifications. Then, for schooling in your
specialty, turn to the separate primer you have received that discusses the science and technology
of your domain. The primer contains the knowledge and heuristics you will need to estimate the
design parameters for which you are responsible. If you have questions that it does not answer, do
not hesitate to ask. You should be expert in your role before your team begins the design phase.

1.4 The Design Task

Your Dreltan clients have cleared the space shown on the site map and come to your team with
their need for the design of a new residential cluster. The cluster itself must meet the following
specifications.

The client wants the cluster to provide a minimum interior area of 100 QDs (Each diamond on
your girded site map defines an area of two QDs). The shape of this space, which can of course
exceed the minimum, is a matter of design. The client has expressed enthusiasm for the newer
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TA Orientation 2005 Activity #3 (continued)

The Design Task

mode of segmenting interior space, a mode that breaks with the two-equal-zone tradition and val-
ues the suggested privacy of nooks and crannies. Still the space must be connected, i.e. no inte-
rior walls can cut the space into completely separate spaces. There must be one and only one
entrance/exit.

The client is known to be color sensitive blue; too much blue brings on the blues, so to speak.
No more than 680% blue ought to be allowed; certainly blue deltas are not to exceed 70% of the
cluster.

The residence, as all clusters, must be anchored at two points and two points only, There is a
limit to the amount of force each anchor can support, as well as to the amount of internal moment
each joint can withstand. Exceeding either limit would cause catastrophic failure and send the
unwary residents tumbling into the void. The cluster should be designed for a life of thirty mega-
wex. Gravity waves, rare but always possible, should be considered.

The average interior temperature must be kept within the Deltan comfort zone, which lies
between 55 and 65 °Nin. The temperature of the elements themselves must be kept above the
growth point of 20 °Nn and below the melt-down point of 85 °Nn. Delta temperatures outside of
this range will result in catastrophic structural failure with little more warning than excessive load.

All of this -- design, fabrication and construction -- must be done under a fixed budget and
within a given time period. At your team meeting you are to develop a conceptual design that
meets or exceeds all design goals. When each team submits their design, individual members will
be asked to report design performance on parameters for which they are responsible.

TABLE 2. Summary of Design Specifications
Functional Internal Area 100 qd
Maximum Cool Deltas (% Total) 60-70%
Average Internal Temperature Range 55-65 °Nn
Individual Delta Temperature Range 20-85 °Nn
Maximum Load at Anchor Points 20 Dn
Maximum Internal Moment 40LD
Overhead Factor -K (varies)
Total Budget ! 1400.00
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Introduction

Delta Design THERMAL
ENGINEER
PRIMER

1.1 Introduction

As thermal engineer, you are responsible for the comiort and thermal stability
of your team’s design. This primer will review some basics of heat transfer on
DeltaP, then cover methods you may use to estimate the average temperature
and extreme values for individual deltas. It assumes you have read the introduc-
tion to the exercise.

To insure the comfort of prospective residents, you want the average temperature of all deltas
in the cluster, a good proxy for interior temperature, to fall between 55 and 65 degrees Nn. For sta-
bility, you want the temperature of each delta to stay above 20 °Nn and below 85 °Nn , as they
melt at 85 °Nn and begin to grow at 20 °Nn . Either event would have catastrophic consequences,
with your clients tumbling down the plane amidst the wreckage of their dwelling. When your team
submits its final design, therefore, you will be asked to estimate internal temperature and the loca-
tion and temperature of the hottest and coldest deltas.

1.2 Deltan Basics of Heat Transfer

Deltas, the building elements your team will use to design the residence, come in two flavors:
red and blue. Red deltas are heat sources, while blue deltas are passive, neither a source nor a
sink.

The red sources produce heat continually over time, at a rate, g, measure in Deltan Thermal
Units per microwex (dtudlwx). While qp varies from supplier to supplier and even from batch to
batch due to manufacturing irregularities, your project manager has found a supplier willing to
guarantee minimal variance around the value:

Go = units of heat produced by each red delta per unit time = 160 dtufiwx

All deltas, red and blue, conduct heat to and from adjacent elements in the cluster. The
amount of heat conducted per unit time is determined by three things:

* the temperature difference between the adjacent deltas;

¢ the length of the joint between the adjacent elements;
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Deltan Basics of Heat Transfer

« a coefficient of conductivity, k,

The coefficient k, also varies by supplier, though because of differences in the cement used to
join the deltas rather than in the deltas themselves. Your supplier has agreed to provide cement
with conductivity that varies minimally around the value:

ks =heat conducted per unit length, per unit time, per unit temperature difference

= 2 dtu/lynALwx”Nn

Deltas of either color also radiate heat into the Deltoid outer plane, but only when they have
outward-pointing, free nodes on the exterior wall, as indicated in the figure below.

2.5 byns
s Radiating Lengths

Work in Progress

Like the rate of conductivity, the rate of heat transfer by radiation is proportional to;
= the temperature difference between the radiating element and the outer
plane; since the plane’s temperature is 0 degrees N, this term simply
becomes the element’s temperature

» the length of exposed edges on both sides of the free node, known as
radiant length;

* a coefficient of radiative transfer, kg

The coefficient kg is fixed. Deltas with free nodes will radiate heat at the rate:
kg = heat radiated per unit radiant length per unit time per unit temperature difference
kp= 1 dituw/lynALwxNn

The figure shows a simple cluster to illustrate. Deltas #1, 3, 5,8,7,10,12 and 13 are red: each

produces 760 dtuflwx, together adding 7280 diudlwx to the structure. This heat will be conducted
through the cluster at rates dependent upen the length of the joints, which, starting with the joint
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Estimating Average Temperature

between #1 and #2 and working up, look to be about 1,1, 1/2, 1 1/2,.... lyn respectively. Remem-
ber that the side of the delta is 2 lyns long.

Regardless of conduction flows, looking at all of the deltas together as a single ensemble, all
of the heat generated by the 8 red deltas must be radiated away at the same rate at which it is pro-
duced through the 9 free nodes indicated in the figure. Deltas #1, 3, 4, 6, 7, 10, 12, and 14 have
free, outward pointing nodes, and thus will radiate heat into the plane at rates dependent upon
their radiant lengths. (Note that #12 has two free, outward pointing nodes).The radiant length for
#1 looks to be about 3 lyns, allowing for the addition of an adjacent delta with further construction;
#3 shows a radiant length of again 3 lyns; #4, a full 4 lyns; #8, 2.5 fyns and so on. (We anticipate
that with further construction, #15 will be left with no free node and show no radiating length).
Aleng with the basics just discussed, this is all the information we will need to estimate the clus-
ter's thermal properties.

1.3 Estimating Average Temperature

To determine whether your team's design will provide the Deltans with a comfortable living
space, you should estimate the average temperature of all deltas in the cluster as a best guess of
interior temperature, The easiest way to calculate this average is to first estimate the average tem-
perature of the subset of radiating deltas from a steady-state heat balance. The following equation
describes this equilibrium, where the heat generated by the red deltas is balanced by the heat
radiated by all deltas with free nodes:

Npege=TreN"elL*ekg
where:
Np is the number of red deltas
N*is the number of radiating deltas;
L"is the average radiant length of deltas with free nodes;
T* is the estimate of average temperature of the radiating deltas.
Solving for T* gives us:
T =(Ngeg,) /(N*eL* *kp)
and plugging in the values from the sample cluster on the previous page gives us:
T* =(8¢160) / (8¢ 3.5¢ 1) = 45.7 °Nn
In this | have taken the average radiating length as 3.5 jyns.

One could at this point take T, the average temperature of the subset of radiating deltas, as

the estimate of the average temperature of the entire cluster, That would be an adequate estimate

as long as the deltas that are not in the subset of radiating deltas, — i.e., #2, #5, #9, #11, #13 —
are blue, not red. We sae this is not the case; #5 and #13 are red, heat generating elements.
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Estimating Maximum Temperature

In this case we proceed to estimate the temperature of, let us call them the interior reds, as
follows:

* Set up the heat balance for the interior red with its adjacent deltas. (We use #5 as an
example). The heat in must balance the heat out.

( Heat in through generation

t :— Heat Conducted from #5 out to #6

Heat Conducted from #5 outto #4

© Assume the temperatures of the adjacent, radiating deltas are all equal to the aver-
age temperature of the subset, T* i.e., 45.7 °Nn.

= Estimate the overlap lengths i.e., Is.4~1.5 lyns; Is 5 ~ 1 lyn,

= Given g, = 160 dtu/mwx and k= 2 dtu/mwx/lyn, solve for the temperature of the
interior red, i.e.,

160 = (T - 45.7)e1.5¢2 + (Tg - 45.7)+1s2
giving:
Ts=77.7 °Nn.

In a similar way, the temperature of the other, interior red delta is estimated to be the same,
TTS =77.7°Nn.

The other, interior but blue deltas are all taken as T, the average of the radiating deltas. Qur
estimate of the average temperature of the entire cluster of 15 deltas, with 2 interior reds at 77.7
and the remaining 13 at T* = 45.7is just

T~ [20 77.7 + 13 45.7)/(15) = 50 °Nn.

This estimate is within 5% of the value (52.36 °Nn) predicted by a sophisticated computer
model of the cluster, and is certainly good enough for our purposes. We see that interior tempera-
ture is below the comfort zone, and hence that the design needs either another red or less radiant
length.

Keep your calculations as simple as possible. Work only in integers and don't be reluctant to
“eyeball” your estimates of average radiant length. It may be easier just to add up total radiant
length, rather than figuring N* s L*,

1.4 Estimating Maximum Temperature

The most likely “hot spot” occurs where there is an interior red, or where three or more red
deltas are placed in sequence, as with elements #5-7 in the figure. As a general rule to prevent
catastrophic overheating, you should avoid joining more than two red deltas in an unbroken string
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Estimating Maximum Temperature

and be very careful with interior reds. For example, if an interior red were added to the structure
adjacent to #9,

too high a temperature is liable to result. An estimate of the temperature of the additional, interior
red is again obtained from a heat balance, namely

9o~ (T15- T g)* l150° K,
with k, = 2, estimating l16,9~ 1.5and taking Ty = 45.7 = T* we obtain:
TTE =99 DNH

which is above the limit — meltdown is inevitable. Alocal fix would require ensuring a broad con-
ductive path (good overlap) through #9 and #8 out to the radiating deltas. If the latter were blue as
well as radiating, it is possible to keep the temperature of an interior red with spec

In a like manner, If your team'’s design does call for three reds in sequence, then you again
must be carsful: you ought to insist that at least two have free, outward pointing, nodes, as do #6
and #7. Even so you are walking on thin ice. Recall our estimate of Ts was but 3 °Nn below the
meltdown limit.

We might wonder about the temperature of #6. It no doubt is greater than T*, the average of
the subset of radiating blue as well as red deltas, An estimate of its temperature follows from
assuming that all heat generated by this middle element is radiated away and none is conducted
to (or flows in from) adjacent deltas. Thus we obtain:

Ts =y /(L*‘kﬁ)

where L-is the radiant length of the delta in question. Plugging in the radiant length shown in
the example gives us:

Tg ~ 160/(2.5¢1) = 64 °Nn
which is high, but tolerable,

The computer model, however, gives the temperature of #6 as greater than 85 degrees, no
doubt because #5 can't radiate and hence adds heat fo #6. All of this merely reinforces the general

rule: don't place more than 2 red deltas in sequence if you can help it, and arrange for ample radi-
ant heat loss if you can’t avoid doing so.
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Estimating Minimum Temperature

1.5 Estimating Minimum Temperature

A long string of radiating blue elements can result in very low temperatures. Consider, for
example, the case where #5 and #6 of our original work in progress are blue instead of red. We
can estimate the temperature of such a string, shown in the figure below, as follows:

3.5 lyns

The temperature of the blue string will stabilize when the amount of heat radiated by the string
balances the amount of heat conducted into it. The red elements that bound the string will conduct
this heat into the string at some rate g;+ g where g;and g, are the rates of heat conducted into the
string by the left and right red deltas respectively. This heat will radiate out of the string at the rate
Tardlyns ek, + Tgo 2.5 lyns o k,

If we take the sum g, + g-to be on the order of g, that is, half of the heat generated by each of
the two bounding reds is available to heat this sequence of three blues and if we further take Ty
equal to Ty, we obtain 24.6 °Nin as an estimate for the temperature of #4 and #6. This is border-
line. In fact, the computer program gives the temperature of all three blues to be just below 20
°Nn: Note that once below 20 degrees Nn, the string would start to grow, the dweliing would dete-
riorate rapidly, and the clients and the insurance company would not be happy. You'd probably
hear from their lawyer.

This completes the thermal engineering primer. These rules are not hard and fast, nor are
they complete. But they should be sufficient to guide you in your task of assuring the comfort and
thermal stability of your team’s design.

6 DELTA DESIGN

Page 55



TA Orientation 2005 Activity #3 (continued)

Page 56



TA Orientation 2005 Activity #4

Rationale for the UMn Model

Notes:
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Notes:
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TA Orientation 2005 Activity #4

The FCI and Alternative Conceptions

Notes:

" 1 don't think students really
have the misconceptions
shown on the FCI. The multiple
choice format has too many

. problems.

—— — -

™,
| disagree, |think that students
Would show the same mis-
Conceplions in open-ended
Questions.,
iy o vy

Y | £
. ]
-
y—

-
Instructor 1 ‘.

A
1 Instructor 2

Do you agree with Instructor 1, Instructor 2, or
nefther instructor? Explain your reasoning.

What evidence would do you think would
resolve the issue?

Page 59



TA Orientation 2005 Activity #4 (continued)
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TA Orientation 2005 Activity 6
Problem Solving: Cowboy Bob Problem

Below is a problem from an exam in Physics 1101 (algebra-based introductory
course). Solve this problem as quickly as you can.

Cowboy Bob Problem: Because parents are concerned that children are taught incorrect
science in cartoon shows, you have been hired as a technical advisor for the Cowboy Bob
show. In this episode, Cowboy Bob, hero of the Old West, happens to be camped on the
top of Table Rock in the Badlands. Table Rock has a flat horizontal top, vertical sides,
and is 500 meters high. Cowboy Bob sees a band of outlaws at the base of Table Rock
100 meters from the side wall. The nasty outlaws are waiting to rob the Dodge City
stagecoach. Cowboy Bob decides to roll a large boulder over the edge and onto the
outlaws. Your boss asks you if it is possible to hit the outlaws with the boulder.
Determine how fast Bob will have to roll the boulder to reach the outlaws.
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Notes:
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TA Orientation 2005 Activity 7
Problem Solving: Expert vs. Novice

Differences in Expert-Novice Problem Solving

GROUP TASKS:

1. Make a list or flow chart of all the steps (major decision points and/or actions) that you
took to solve a "real problem" (the Graduate Written Exam Problem).

2. Make a list or flow chart of all the steps (major decision points and/or actions) that you
took to solve an "exercise" (the Cowboy Bob Problem).

3 Make a list of all the ways an expert problem solver (e.g., you, a professor) solves a "real
problem" differently than an "exercise."

4. What does Larkin recommend be done to help students become better problem solvers?
How should this be done? What do you think of this idea?

COOPERATIVE GROUP ROLES:

Skeptic: Ask what other possibilities there are, keep the group from superficial analysis by
not allowing the group to agree too quickly; ask questions that lead to a deeper analysis;
agree when satisfied that the group has explored all possibilities.

Manager: Suggest a plan for answering the questions; make sure everyone participates and
stays on task; watch the time.

Checker/Recorder: Ask others to explain their reasoning process so it is clear to all that their
suggestions can be discussed; paraphrase, write down, and edit your group's answers to the
questions.

TIME: 25 minutes.

One member from your group will be randomly selected to present your group's answers to
Questions #1 and #2.

PRODUCT:
Activity #7 Answer Sheet.
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Answer Sheet for Activity 7

1. Examine your group solution to the Graduate Written Exam Problem. Make a flow chart of
the major steps (decisions and/or actions) you took to solve the problem.
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TA Orientation 2005 Activity 7 (continued)

2. Now compare and contrast your group solution to the Graduate Written Exam (GWE)
Problem and your individual solutions to the Cowboy Bob Problem. For you, as expert
problem solvers, the GWE problem was a "real problem" -- one you did not know how to
solve immediately -- and the Cowboy Bob Problem was probably more like an "exercise" -- a

type of problem you have solved so many times before that you immediately knew how to
approach the problem.

(a) Make a flow chart of the steps (major decisions and/or actions) you took to solve the
Cowboy Bob Problem.

(b) How were your solution steps different for the real problem and the exercise?
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TA Orientation 2005 Activity 7 (continued)

3. For students in an introductory physics class (novice problem solvers), the Cowboy Bob
Problem IS A REAL PROBLEM. Compare and contrast the attached novice solution to the
Cowboy Bob Problem with your group solution to the GWE Problem.

Based on (a) your comparison of the solutions, and (b) the reading of Larkin (1979), make a
list of all the ways that experts solve real problems (e.g., the GWE problem) differently than

novices solve what is, for them, a real problem (e.g., the Cowboy Bob Problem).

Expert Solving Real Problem Novice Solving a Real Problem
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TA Orientation 2005 Activity 7 (continued)
"Novice" Solution to Cowboy Bob Problem
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TA Orientation 2005 Activity 7 (continued)

4. Optional: Shown below is a standard textbook solution to the Cowboy Bob problem.
Discuss why this solution promotes continued use of a novice strategy (i.e., discourages the
use of a more expert-like strategy).

"Choose a coordinate system with its origin at the point where the boulder goes off
the cliff, with the x axis pointing horizontally to the right and the y axis vertically
downward. The horizontal component of the initial velocity is:

D D 100 m
t 2079 2500 m) /9.8 m/s2

Since the fastest athletes run at about this speed, it is unlikely that Cowboy Bob
would be able to push a big boulder this fast."

=10m/s

Vox =
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TA Orientation 2005 Activity 8
Designing a Problem Solving Framework for Your Students

Design a Problem-solving Flow Chart for Your Students

You learned in your reading that several research-based problem-solving
frameworks for introductory physics have been developed and successfully
used. These frameworks divide the important actions into a different number of
steps and sub-steps, describe the same actions in different ways, and emphasize
different heuristics depending on the backgrounds and needs of population of
students for whom they were developed.

PHYSICS GEMERAL PHYSICS
FRAMEWCORK FRAMEWORK FRAMEWORK
by by by
Fred Reif (1996) George Polya (1957) Heller & Heller {1982)

1. FOCUS ON
THE PROBLEM

1. UNDERSTAND
THE PROELEM

1. ANALYZE THE
PROBLEM

......................
.....

2. DESCRIBE
THE PHYSICS

2. PLAN A
SOLUTION

2. CONSTRUCT A
SOLUTION

4. EXECUTE
THE PLAN

JCHECKAND | 8 _ . 4Look R 5. EVALUATE
REVISE BACK THE SOLUTION

GROUP TASK:

The purpose of this task is for you to design a simple, one page problem-solving
flow chart that you can have your students use. The flow chart will have only
three steps, and not include the last step (Check and Revise, Look Back, or
Evaluate the Solution).
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TA Orientation 2005 Activity 8 (continued)

1. Review the flow chart (expert) you made in activity 7. Also, look at the
description of the problem-solving steps in the Competent Problem Solver:
Calculus Version (pages 1-4 to 1-5, and 1-8 to 1-9). Also look at the problem
solving steps by Fred Reif and from two textbooks (next two pages).

2. Decide which actions you think students should make in each step. Describe
these actions on the Activity #8 Answer Sheet.

COOPERATIVE GROUP ROLES:

Skeptic: Ask what other possibilities there are, keep the group from superficial analysis by
not allowing the group to agree too quickly; ask questions that lead to a deeper analysis;
agree when satisfied that the group has explored all possibilities.

Manager: Suggest a plan for answering the questions; make sure everyone participates and
stays on task; watch the time.

Checker/Recorder: Ask others to explain their reasoning process so it is clear to all that their
suggestions can be discussed; paraphrase, write down, and edit your group's answers to the
questions.

TIME: 40 minutes.

One member from your group will be randomly selected to present your group's flow chart to
the class

PRODUCT:
Activity 8 Flow Chart and Description for Students
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TA Orientation 2005 Activity 8 (continued)

The problem-solving framework by Frederick Reif for a calculus-based course.

1. Analyze the Problem: Bring the problem into a form facilitating its subsegquent solution.

#
¢

4 Basic Description — clearly specify the problem by

describing the sirnarion, summarizing by drawing diagram(s) accompanied by some words, and
by introducing usetul symbols; and

specifying compactly the goalfs) of the problem (wanted unknowns, symbolically or
numerically)

# Rcfined Description - analyze the problem further by

- specifying the fime-sequeence of events (e.g., by visualizing the motion of objects as they might

be observed in successive movie frames, and identifying the time intervals where the
description of the situation is distinctly different (e.g., where acceleration of object is different);
and

describing the situation in terms of important phvsics concepis (e.g., by specifying information
about velocity, acceleration, forees, etc.).

2. Construct a Solotion: Solve simpler sub-problems repeatedly until the original problem has been
solved,

# Choose sub-problems by

examining the srarms of the problem at any stage by identifying the available known and
unknown information, and the obstacles hindering a solution;

identifying available aptions for sub-problems that can help overcome the obstacles: and
selecting a useful sub-problem among these options.

# If the obstacle is lack of useful information, then apply a basic relation (from general

physics knowledge, such as ma = Frgy, fi = mN, x = (1/2)ax1?) to some ebject or system
at some time {or between some times) along some direcszion. the unwanted quantity by
combining two {or more) relations containing this quantity.

Mote: Keep track of wanted unknowns (underlined twice) and unwanted unknowns (underlined
once).

3. Check and Revise: A solution is rarely free of errors and should be regarded as provisional until
checked and appropriately revised,

Goals Attained? Has all wanted information been found?

Well-specified? Are answers expressed in terms of known quantities? Arc units
specified? Are both magnitudes and directions of vectors specified?

Self-consistent? Are units in equations consistent? Are signs (or directions) on both
sides of an equation consistent?

Consistent with other known information? Are values sensible (e.g., consistent with
known magnitudes)? Are answers consistent with special cases (e.g., with extreme or
specially simple cases)? Are answers consistent with known dependence (e.g., with
knowledge of how quantities increase or decrease)?

Optimal? Are answers and solution as clear and simple as possible? Is answer a general
algebraic expression rather than a mere number?
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TA Orientation 2005 Activity 8 (continued)

[a——

W

Begin by drawing a neat diagram that includes the important features of the problem.

Choose a convenient coordinate system and indicate it on your diagram. Show the origin and
positive directions. When possible, choose the origin to be on the particle at t = 0 so that x, = 0.
Show known quantities on your diagram.

When possible, write an equation for the quantity to be found in terms of other quantities that are
known or can be found. Then proceed to find the other quantities in your equation.

When possible, solve the problem two different ways to check your solution.

Examine your answer to see if it is reasonable.

Problem Solving Steps from Another Textbook

Gather Information

The first thing to do when approaching a problem is to understand the situation. Carefully read
the problem statement, looking for key phrases like “at rest” or “freely falling.” What
information is given? Exactly what is the question asking? Don’t forget to gather information
from your own experience and common sense. What should a reasonable answer look like? You
wouldn’t expect to calculate the speed of an automobile to be 5 x 10° m/s. Do you know what
units to expect? Are there any limiting cases you should consider? What happens when an angle
approaches 0° or 90° or when the mass becomes huge or goes to zero? Also make sure you
carefully study any drawings that accompany the problem.

Organize Your Approach

Once you have a really good idea of what the problem is about, you need to think about what to
do next. Have you seen this type of question before? Being able to classify a problem can make
it easier to lay out a plan to solve it. You should almost always make a quick drawing of the
situation. Label important events with circled letters. Indicate any known values, perhaps in a
table or directly on the sketch.

Analyze the Problem

Because you have already categorized the problem, it should not be too difficult to select relevant
equations that apply to this type of situation. Use algebra (and calculus, if necessary) to solve for
the unknown variable in terms of what is given. Substitute in the appropriate numbers, calculate
the result, and round to the proper number of significant figures.

Learn from Your Efforts

This is the most important part. Examine your numerical answer. Does it meet your expectations
from the first step? What about the algebraic form of the result — before you plugged in numbers?
Does it make sense? (Try looking at the variables within it to see whether the answer would
change the answer in a physically meaningful way if they were drastically increased or decreased
or even became zero.) Think about how this problem compares with others you have done. How
was it similar? In what critical ways did it differ? Why was this problem assigned? You should
have learned something by doing it. Can you figure out what?
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TA Orientation 2005 Manager:

Activity 8 Recorder:

Skeptic:

Summarizer:

Description for Students

1. Understand

the Problem

v

2. Analyze
the Problem

v

3. Construct

a Solution
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TA Orientation 2005 Activity 8 (continued)

Calvin and Hobbes / By.Bill Watterson

HELP ME "\ G+3, EU? WELL.| [FIRST WE CALL THE ANSWER
HITH THIS | TS ONE 1S | ™17 AS 1IN ™Y DO WE CARE?"
HOMEWORY, | A BIT TRICKY. | | NOW { MA{ BE A SQUARE

OK? WHATS HUMBER, SO WELL DRAW &
SQUARE AND MAKE TWIS SItE
G AND THAT SIDE 3. THEN

WELL MEASURE THE DIAGONAL .

I DONT SUE PROBABLY
REMEMBER | DogsuT ¥row
THE TEAGHER | HIGHER MATH .
EXPLAIMING | WHEN YoU DEAL
It LIKE WITH WIGH
THIS. NUMBERS, You

O 1990 Ureosris Pregy onancay
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TA Orientation 2005 Activity 9

Design an Answer Sheet for your Students

You learned in the reading that it is helpful to provide students with answer sheets
during the first 3-6 weeks of the course. Answer sheets provide students with cues for
the major steps of your problem-solving framework.

GROUP TASK:
1. Review the answer sheets in the Competent Problem Solver.
2. Decide what cues you want to provide on the answer sheets for your students.
Write these cues on the Activity #9 Answer Sheet.

COOPERATIVE GROUP ROLES:

Skeptic: Ask what other possibilities there are, keep the group from superficial analysis by
not allowing the group to agree too quickly; ask questions that lead to a deeper analysis;
agree when satisfied that the group has explored all possibilities.

Manager: Suggest a plan for answering the questions; make sure everyone participates and
stays on task; watch the time.

Checker/Recorder: Ask others to explain their reasoning process so it is clear to all that their
suggestions can be discussed; paraphrase, write down, and edit your group’s answers to the
questions.

TIME: 20 minutes.

One member from your group will be randomly selected to present your group’s answer
sheet to the class

PrRODUCT:
Activity 9 Answer Sheet
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TA Orientation 2005 Activity 9 (continued)

Answer Sheet

UNDERSTAMD THE PROBLEM

AMALYZE THE PROBLEM

CONSTRUCT A& SOLUTION
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TA Orientation 2005
Activity 10

Teaching Lab Sessions at UMn

Today, a mentor TA will demonstrate how to teach a problem-solving laboratory
session at the University of Minnesota. The goals of this activity are for you to learn:
* the structure of the problem-solving labs you will be teaching;
* the rationale for each teaching action in the lab sessions.

During the demonstration, another mentor TA will observe the teacher. At the end of
the demonstration, the teacher will be mentored by the observer. Compare your
impressions with those of the mentor.

INDIVIDUAL AND GROUP TASKS:
1. Participate in the laboratory demonstration as undergraduates might.

2. Periodically, we will stop the demonstration. Discuss the reasons for each part of the
lesson plan with your group. Then individually write the reasons under “Rationale”
on the attached lesson plan. These reasons will then be shared and expanded upon
by the class and instructors.

3. Work on the assigned laboratory problem and be prepared to discuss your results.

COOPERATIVE GROUP ROLES:

Skeptic: Ask what other possibilities there are, keep the group from superficial
analysis by not allowing the group to agree too quickly; ask questions that lead
to a deeper analysis; agree when satisfied that the group has explored all
possibilities.

Manager: Suggest a plan for discussing the reasons for each part of the lesson plan;
make sure everyone participates and stays on task; watch the time.

Checker/Recorder: Ask others to explain their reasoning process so it is clear to all
that their suggestions can be discussed; paraphrase, your group’s rationale.

TIME: 2 hours.

PropDuUCT:

We will randomly collect the answer sheet of one group member to grade. Every
group member will receive this grade.
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Activity 10 Answer Sheet

Name:

Page 81

Time

Opening Moves

Rationale

10 min.

~1 min.

5 min

2 min

5-10 min

1 min

0 Get there early and lock door.
- Collect one piece of equipment needed for lab problems
- Write new groups/roles on board (when appropriate)
- Write which methods questions groups should write on board
- Open Door

1. Prepare students for group work by showing group/role
assignments.

2. Prepare students for lab.

a)

b)

Focus on what students should learn. Tell students which
Methods Question(s) they should discuss and put on the
board.

Diagnose student difficulties. While groups discuss Methods
Questions, circulate around the class, observe/listen to each
group, and diagnose difficulties.

Post Group Answers. Select (randomly) one person from
each group to write/draw on board answers to the Methods
Questions.

Lead a cl ass di scussi on. Give students a few minutes
to read all the answers on the board. Ask the representatives
of each group to give their reasons for each of their answers.

How much time. Tell class time they need to stop (usually
about 30 — 40 minutes) and remind Managers to keep track of
the time.

NOTES:
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Activity 11 (continued)
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Time

Middle Game

Rationale

5 min

~5 min.

variable

3. Coach groups in problem solving (making decisions) by:

a)

b)

Diagnose initial difficulties with the problem or group

functioning.
- Return equipment to groups
- Watch class from front of room:
Don’t answer questions.
Is class able to proceed?
Stop class and discuss difficulty if everyone is off task.

Monitor groups and intervene to coach when necessary.
Monitor and diagnose :

9-00  Establish a circulation pattern around room. Listen to each
group (without them knowing) at least one before
answering questions.

Diagnose difficulties with physics;

Diagnose difficulties with group functioning.

Prioritize who needs the most help.

Is entire class confused on the same thing? If so, stop the
class and discuss the difficulty.

Coach Groups with the Most Need.

- coach first with the group that needs the most help, and so on

- Always join a group at eye level.

- Ifyou spend a long time with group, circulate around class again,
listening briefly to each group and diagnose difficulties, before
intervening again.

- Be sure groups are completing all parts of the problem

- If a group finishes early, have them start the next problem.
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Activity 11 (continued)
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Time

Middle Game (continued)

Rationale

10 min

5 min

9- Start grading lab procedures (journals).

5. Prepare Students for class discussion by

a)

Ten-Minute Warning. Ten minutes before you want the
groups to stop, tell them to find a good stopping place and
clean up their area. (Make sure you are done grading
journals). (If groups are new, you may want to pass out the
group functioning forms.)

Posting Corrected Methods Questions and/or Results.
Tell one person in each group, who is not the
Recorder/Checker, to write their corrected answers (if
necessary) to the methods questions on the board (and/or
their results).

NOTES:
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Activity 11 (continued)

Page 84

Time End Game Rationale
~10min | 9-0)  Lead a class discussion. Usually, focus the discussion on
the qualitative analysis of problem.
5-10 |7. Optional: Discuss group functioning. Call on one group for
minutes “good” response, another group for a “problem,” and a third group
for a “specific action.” Repeat until every group has spoken twice.
5min |8. Start next problem. Ifthere is time, have students start the
next assigned lab problem. Repeat Steps 1 through 7.
9. End of Lab Session.
a) Tell students what lab problem(s) to do Methods Questions for
next week.
b) Assign students problems to write up (if last session of lab). In
each group, randomly assign each student in the group a
different problem for a lab report.
¢) Leaving the Lab. Leave a neat lab room for the next class.
NOTES:
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TA Orientation 2005 Activity 11

Preparation for Peer Teaching of Labs and Discussion Session

INDIVIDUAL AND TEAM TASKS:

1. Individually read through the next four pages. These pages describe how the four afternoon
peer-teaching sessions are structured and graded. Be prepared to ask questions in a class
discussion.

2. Lab Preparation: It is assumed that each team member has already done the Method
Questions for your assigned lab problems.

(a) Discuss with your team the answers to the Methods Questions.

(b) Work through the assigned lab problems (as a team), collect data, and analyze your
results (3 points). What is the conclusion for this lab problem? Your team will be the
“expert” on this lab, and should be able to answer questions from other Tas. If you
need help with anything, ask the mentor TA working with you.

© When you have finished (b), ask your mentor TA for the Lab Instructor’s Guide for
these problems. This manual was written by former Tas to help you prepare for and
teach each lab problem.

(d) Discuss the following questions with your team. How does the data you collected and
analyzed compare with the example data in the Instructor’s Guide? What other
information is included in the Instructor’s Guide? How will this information help you
prepare to teach these lab problems?

(e) Photocopy your results and analysis for each lab problem (one per “student”). These
will be handed out to your “students” at the end of each lab practice teaching session.

3. Discussion Session Preparation: It is assumed that each team member has already solved
the assigned group problem in a logical, organized manner.

(a) Discuss with your team your individual solutions to the discussion problem.

(b) As a team, write a good solution for this problem. A good solution must be helpful to
undergraduate students who do not know how to solve the problem. A good solution
includes:

9-1J

Detailed diagram(s)

Definition of all variables

Logical progression and complete steps in the solution (working backwards from
target variable).

Symbolic representation of all equations (both fundamental principles and
relationships that apply in certain situations) should be written before substitution of
defined variables.

Solve the problem mathematically before the substitution of quantities (numbers)
into the final equation for the target variable.

©Photocopy your solution (one per “student”). This will be handed out to your
“students” at the end of the discussion practice teaching session.
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TA Orientation 2005 Activity 11 (continued)

Structure of Peer Teaching

As a way of preparing to teach the University of Minnesota’s problem-solving labs and
discussions sessions, you will have the opportunity to practice-teach either one lab problem or
one discussion session to your peers. You have already been assigned to a 3-member team, and
your team has been assigned two lab problems and one discussion session to prepare. For four
afternoons in the next week, the mentor Tas will supervise the practice teaching of the labs and
discussion sessions.

There are two goals for this peer teaching. One is for you to get practice “running through™ a lab
problem or discussion session, so that you have a sense of what it feels like to keep track of time,
supervise a room full of people solving a problem, and lead a discussion. The other goal is for
you to become familiar and comfortable with the equipment and typical results for the problem-
solving labs.

Each afternoon will be structured as follows:
* The mentor Tas may need to make some brief announcements.

» The “practice teachers” for one afternoon will teach, and the practice teachers for the other
three afternoons will act like undergraduate students. This means that you must come to
morning class with the Methods Questions completed, and be ready to participate in
discussions and take data in the afternoon (see Homework #4, #5, #7 and #9 in the
Syllabus).

* On the day your team practice teaches:

- Your team will receive your “students” (peers acting as undergraduates) answers to the
Methods Questions during the morning. This will allow you to look over the answers
and decide which Method Question(s) you will have your “students” discuss put on the
board.

- Just before lunch, your Mentor TA will tell each team member whether they will teach
the assigned discussion session or a lab problem (and which assigned lab problem). So
each team member has to be prepared to teach all three.

» Each practice teacher will have about 60 minutes to teach one lab problem, or about 30
minutes to teach a discussion session. The practice teachers for lab will then pass out the
data and results that THEY had previously prepared for their lab problem (3 points). The
practice teachers for discussion will hand out the solution to the problem (3 points).

» The “students” for this lab or discussion session will give each practice teacher written
feedback.

+ After all the Tas have practice-taught on a day, they will stay and be mentored by the
mentor TA.

These afternoon sessions should run between 3 and 4 hours for the first three days, and about 2
hours for the fourth day.

Each TA will select one free afternoon!
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TA Orientation 2005 Activity 11 (continued)

Grading Sheet for Homework #4, #5, #7 or #9
When You Are the Practice Teacher: LAB

What the

TA Does TA Initials:

© Be at the classroom early

@ Prepare students for group work by showing group/role
assignments.

@ Prepare students for lab by:
a) diagnosing difficulties while groups discuss and come to

Opening consensus on Methods Questions.

Moves:

b) selecting one person from each group to write/draw on board
answers to the Methods Questions.

¢) leading a class discussion about the group answers.

d) telling students how much time they have to check their
predictions; reminding Manager to keep track of time

® Coach groups in problem solving (making decisions) by:
a) monitoring (diagnosing) progress of all groups

b) helping (coaching) groups with the most need, using group
roles.

Middle | @ Grade Lab Procedure (journal).

G . .
ame ® Prepare students for class discussion by:

a) giving students a “10-minute warning.” Pass out Group
Evaluation Form (if necessary)

b) selecting one person from each group to put corrected
methods questions and results on board.

® Lead a class discussion focusing on what you wanted students
to learn from solving the problem.

@ Discuss group functioning (optional) na | na | na

Start next lab problem (repeat Steps 1 — 7) if time na | na | na

End ® End of Lab
Game a) Tell students what lab problems to do Methods Question for
next week; if last session, assign students problems for lab
report.

b) Leave a neat lab room for the next class. Do NOT let the
next group of students into the classroom. Write down the
comments about equipment that did not work on the lab-
room sheet .

Total:

Grade:

Total Steps Performed Grade Total Steps Performed Grade
13-14 3 points 9-10 1 points
11-12 2points 0-8 0 points
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TA Orientation 2005 Activity 11 (continued)

Grading Sheet for Homework #4, #5, #7 or #9
When You Are the Practice Teacher: DISCUSSION SESSION

What the

TA Does TA Initials:

© Be at the classroom early

@ Introduce the problem by telling students:
a) what they should learn from solving problem;

b) the part(s) of the solution you want groups to put on
board

(;/Il’enmg @ Prepare students for group work by:
Ooves: . . .
a) showing group/role assignments and classroom seating

map (if necessary);

b) passing out Problem (& Useful Information) and one
Answer Sheet.

¢) Tell class the time they need to stop and remind Managers to
keep track of the time.

® Coach groups in problem solving by:

a) Monitoring (diagnosing) progress of all groups.
Establish a circulation pattern for periodically listening to
groups and diagnosing difficulties.

b) helping (coaching) groups with the most need. Using
Middle group roles.

Game @ Prepare students for class discussion by:

a) giving students a “five-minute warning”

b) selecting one person from each group to put specified
part of solution on the board.

¢) passing out Group Evaluation Sheet (optional) na | na | na

® Lead a class discussion focusing on what you wanted
students to learn from solving the problem.

Gal:rc}e ® Discuss group functioning (optional) na | na | na
@ Pass out the problem solution as students walk out the
door.
Total:
Grade:
Total Steps Performed Grade Total Steps Performed Grade
11-12 3 points 7-8 1 points
9-10 2 points 0-6 0 points
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TA Orientation 2005 Activity 12

Teaching Discussion Sessions at UMn

The purpose of this activity is to introduce you to your role as instructors in the discussion
section.

PART A: DEMONSTRATION OF A DISCUSSION SESSION (~50 MINUTES)
A Mentor TA will demonstrate how to teach a typical discussion session, with you as the
students! Focus on the process of collaborative problem solving.

GROUP TASK:
Follow the directions of the Mentor TA.

GROUP PRODUCT:
Your group’s problem solution.

GRADING RUBRIC:

The solution will not be graded for a correct answer. Instead, the solution will be
graded for organization and logical progression.

PART B: CLASS DISCUSSION ABOUT TEACHING DISCUSSION SESSIONS
(1) On the following pages is the Qutline for Teaching a Discussion Session. Read through
this outline and think about the experience you had solving the problem in a group.
Write down questions and comments.

(2) The Mentor TA will lead a class discussion about your questions. Write important
answers/notes in the space provided.
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TA Orientation 2005 Activity 12 (continued)

Preparation Checklist
 New Group/Role assignments I Photocapies of Answer Sheet (optional) or
(if necessary, on overhead or blank sheets of paper (one per group)
written on board) d Photocopies of problem solution
O Photoco pies of Problem & {one per person)
Useful Information (ene per | Group Evaluation forms (optional one per group)
person) : and extra photocopies of Group Roles Sheet
OR list of useful information to
put on board
Instructor Actions What the Students Do
@ Be at the classroom early
ﬂhl;ﬂﬂi“g @ Introduce the problem by telling students: | * Students sitting and listening
0ves
, a) what they should learn from solving
~3-3 min. problem;
b) the part of the solution you want
Zroups to put on board
& Prepare students for group work by:
a) showing group/role assignments and | * Students move into their groups,
classroom Eﬂﬂﬁng map; and begin (o read PI‘Dl:IlEI‘]l.
b) passing out Problem (& Useful s (Checker/Recorder puts names on
Information) and Answer Sheet. answer sheet.
QUESTIONS/NOTES:
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TA Orientation 2005

Activity 12 (continued)

Instructor Actions What the Students Do
@ Coach groups in problem solving by: * Solve the problem:
Middle a) monitoring (diagnosing) progress of all participate in group discussion,
GHH’IE grﬂupﬁ .
35 min work cooperatively,
- ’ b} helpi ith th t need.
) helping groups with the most nee - check each other’s ideas.
@ Prepare students for class discussion by:
a) giving students a “five-minute - Finish work on problem
warning”
b} selecting one person from each group )
to put specified part of solution on the | ¢ Write part of solution on board
board.
€} passing out Group Evaluation Sheet « Discuss their group effectiveness
(optional) =
® Lead a class discussion focusing on what | « Participate in class discussion
End you wanted students to learn from solving
Game the problem
~10 min. | & Discuss group functioning (optional)
(@ Pass out the problem solution as students
walk out the door.
QUESTIONS/NOTES:
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TA Orientation 2005 Activity 13

Revising an Inappropriate Group Practice Problem

GROUP TASK:

1. Solve the inappropriate group practice problem assigned to your group. Explain
why the problem is inappropriate, using the criteria on pages 111-115 of the
Instructor’s Handbook.

2. Follow the steps on page 120 to revise the problem so it is an acceptable group
practice problem. Complete the Answer Sheet for Activity #13.

3. Solve the revised problem on the student answer sheet provided.

4. Write your revised problem on a sheet of butcher paper. Post in room 157.

COOPERATIVE GROUP ROLES:

Skeptic: Ask what other possibilities there are, keep the group from superficial
analysis by not allowing the group to agree too quickly; ask questions that lead
to a deeper analysis; agree when satisfied that the group has explored all
possibilities.

Manager: Suggest a plan for answering the questions; make sure everyone
participates and stays on task; watch the time.

Checker/Recorder: Ask others to explain their reasoning process so it is clear to all
that their suggestions can be discussed; paraphrase, write down, and edit your
group’s answers to the questions.

TIME: 45 minutes

PRODUCTS:
1. Revised problem on butcher paper.

2. Activity #13 Answer Sheet (revised problem, difficulty characteristics, and your
decision.

3. Solution to problem written on student answer sheet.
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Activity 13 Answer Sheets Recorder:

Skeptic:

Summarizer:
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Activity 13 Answer Sheets Recorder:
Skeptic:

Summarizer:

Assume that students are just finishing studying the concepts needed to solve the inappropriate
group practice problem below.

Original Problem: A merry-go-round has a circular platform which turns at a rate of one full
rotation every 10 seconds. A passenger holds himself on the surface with a pair of very sticky
shoes with a coefficient of static friction of 0.4. Determine how far away from the center he can
go before falling down to the platform.

1. Solve the problem. Explain why the problem is an inappropriate group practice problem.
Refer to the Characteristics of a Good Group Problem (Instructor’s Handbook pages 111
to 115).
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2. Revised Problem:

Analysis
1. Choice of principle
2. Two principles
3. Excess data
4. Numbers required
5. Assumptions
6. Special constraints
7. Diagrams
8. Vectors
Mathematical Solution
9. No numbers
10. Unknown(s) cancel
11. Simultaneous eqns.
12. Calc/vector algebra

13. Lengthy algebra

Check difficulty characteristics at right.

3. Explain why you think that your revised problem is now an appropriate group practice
problem. Use the Decision Table (IH page 117) and the Characteristics of a Good Group
Problem (IH pages 111 to 115).
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Activity 13 Answer Sheets Recorder:
Skeptic:

Summarizer:

Assume that students are just finishing studying the concepts needed to solve the inappropriate
group practice problem below.

Original Problem: A ball starts from rest and accelerates at 0.500 m/s> while moving down an
inclined plane 9.00 m long. When it reaches the bottom, the ball rolls up another plane, where,
after moving 15.0 m, it comes to rest.

(a) What is the speed of the ball at the bottom of the first plane?

(b) How long does it take to roll down the first plane?

(c) What is the acceleration along the second plane?

(d) What is the ball’s speed 8.00 m along the second plane?

1. Solve the problem. Explain why the problem is an inappropriate group practice problem.
Refer to the Characteristics of a Good Group Problem (Instructor’s Handbook pages 111
to 115).
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2. Revised Problem:

Analysis
1. Choice of principle
2. Two principles
3. Excess data
4. Numbers required
5. Assumptions
6. Special constraints
7. Diagrams
8. Vectors
Mathematical Solution
9. No numbers
10. Unknown(s) cancel
11. Simultaneous eqns.
12. Calc/vector algebra

13. Lengthy algebra

Check difficulty characteristics at right.

3. Explain why you think that your revised problem is now an appropriate group practice
problem. Use the Decision Table (IH page 117) and the Characteristics of a Good Group
Problem (IH pages 111 to 115).
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Activity 13 Answer Sheets Recorder:
Skeptic:

Summarizer:

Assume that students are just finishing studying the concepts needed to solve the inappropriate
group practice problem below.

Original Problem: As shown on the diagram, mass M, rests
on an inclined plane with a rope tied to it. The rope goes
through a frictionless, massless pulley, and is connected to
another mass, M, which hangs off the edge of the table.
There is a coefficient of friction, pk, between the mass M
and the inclined plane. The angle of the inclined plane is . !
(a) Draw a free body diagram showing all forces (solid lines) and the acceleration (dotted
line).
(b) Write a general solution for the acceleration of the masses in terms of the variables given
plus any other that you need to define.
(c) What is the expression for the acceleration if pi goes to zero?
(d) What is the expression for the acceleration if 6 = 0?
() What is the acceleration if M; = 10 kg, M, =4 kg, ux = 0.2, and 6 = 30 degrees?

1. Solve the problem. Explain why the problem is an inappropriate group practice
problem. Refer to the Characteristics of a Good Group Problem (Instructor’s
Handbook pages 111 to 115).
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2. Revised Problem:

Analysis
1. Choice of principle
2. Two principles
3. Excess data
4. Numbers required
5. Assumptions
6. Special constraints
7. Diagrams
8. Vectors
Mathematical Solution
9. No numbers
10. Unknown(s) cancel
11. Simultaneous eqns.
12. Calc/vector algebra

13. Lengthy algebra

Check difficulty characteristics at right.
3. Explain why you think that your revised problem is now an appropriate group

practice problem. Use the Decision Table (IH page 117) and the Characteristics
of a Good Group Problem (IH pages 111 to 115).
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Evaluating Sample Laboratory Report from Laboratory Manual

We’ve redefined the quality of writing based on the general writing factors, and how these
factors relate to the rubric used to grade physics laboratory reports. The laboratory manual for
the students includes, at the beginning, information about what is to be expected of their
laboratory reports. There is also a sample report that further model what is expected. In this
activity you will evaluate this sample laboratory report for its quality based on the grading rubric,
all the while keeping in mind the qualities as described and defined by the general writing
factors.

Individual Tasks:

1. Individually read through the sample laboratory report (the double-barred sections are
descriptions and explanations on what is expected in each section of the report).

2. Individually evaluate the sample laboratory report — mark down any and all comments
about the quality of the paper, both good and bad.
Whole Group Discussion:
Follow along with the overhead presentation as it points out certain segments that related to the

writing factors. Participate in discussing various aspects of the quality of the sample laboratory
report.

Time: 45 minutes.
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[SAMPLE COVER SHEET |

PHYSICS LABORATORY REPCORT
LAECQRATORY |

Mame and |Ds:

Ceate performed: DayTime saclan mests:

Lab Parners’ Mames:

Problem # and Tite:

Lab Instruchar Initals:

Grading Checkllst Polnts

LABORATORY JOURMAL:

PREDICTIONS
{individual predictions complatad in journal beforz cach lab session)

LAB PROCEDURES
{measurament plan recordead in journal, tables and graphs made in joumal as
dalz is eollected, ohservations writlen in journal)

FROBLEM REFORT:

ORGAMNIZATION
{clear and readable; comact grammar and spelling; section haadings
prowided; physics stated correctly)

CATA AND DATA TABLES
{clear and readabla; units and assigned uncertainties clearly statad)

RESULTS

{rasults clearly indicated: correct, logical, and well-organized calculations
with uneertainties indicated; scales, labels and uncertainties on graphs;
physics stated comeactly}

CONCLUSIONS

{companson 1o pradiction & theory discussed with physics stated correctly ;
poasible sources of uncerfainties ident fied; attention called to exparimental
priohlems)

TOTAL{incarmact or missing statement of physics will result in a
maximum of 60% of the total points achieved; incorrect grammar or
spelling will result in a maximum of 70% of the total points achieved)

BONUS POINTS FOR TEAMWORK

{as specilied by course palicy)

* An "R"in the poinis column means 1o rewrite that section only and return it to your lab
instructor within two days of the retum of the report to you,
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Appendix E: Sample Laboratory Report

There is no set length for a problem report but experience shows the good
reports are typically three pages long. Graphs and photocopies of your lab
journal make up additional pages. Complete reports will include the
terminology and the mathematics relevant to the problem at hand. Your report
should be a clear, concise, logical, and honest interpretation of your experience.
You will be graded based on how well you demonstrate your understanding of
the physics. Because technical communication is so important, neatness, and
correct grammar and spelling are required and will be reflected on your grade.

Note: As with Problem 1 of Lab 1, the double vertical bars indicate an explanation of that part of
thereport. These comments are not part of the actual report

Statement of the problem

In a complete sentence or two, state the problem you are trying to solve. List the equipment you will
use and the reasons for selecting such equipment.

The problem was to determine the dependence of the time of flight of a
projectile on its initial horizontal velocity. Werolled an aluminum ball down a
ramp and off the edge of a table starting from rest at two different positions
along the ramp. Starting from the greater height up the ramp meant the ball had
a larger horizontal velocity when it rolled along the table. Since the table was
horizental, that was the horizontal velocity when it entered the air. See Figure 1
from my lab journal for a picture of the set-up.

We made two movies with the video equipment provided, one for a fast rolling
ball and one for a slower one. These movies were analyzed with LabVIEW™ to
study the projectile’s motion in the horizontal and vertical directions.

Prediction

Next comes your prediction. Notice that the physical reason for choosing the prediction is given
In this case there is a theoretical relationship between Atand vo. There is a reference to real life
experience: the example of the bullets. Also, note that this prediction is wrong. That is all right.
The prediction does not need to be correct, it needs to be what you really thought before deing the
lab; that is why it is called a prediction. The prediction is supposed to be a complete and
reasonable attempt by your group to determine the outcome of the problem.
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APPENDIX E: SAMPLE LAB REPORT

Our group predicted that the time the ball took to hit the ground once it left the
table would be greater if the horizontal velocity were greater. We have observed
that the faster a projectile goes initially, the longer its trajectory. Since the
gravitational acceleration is constant, we reasoned that the ball would take more
time to travel a larger distance.

Mathematically, we start from the definition of acceleration:
— 4
a=g\@ )
and integrate twice with respect to time to see how a change in time might be
related to initial velocity. We found that:
¥ - Vo= voht + 0.5aAt 1

With the y-axis vertical and the positive direction up, we know the acceleration
is -g. We also know that vo is the initial velocity, and yo- y is h, the height of the
table. Solving for At one finds:

Vot (Vo2 + 2hg)
g 2)

At=

Faced with a choice in sign, our group chose the solution with the positive sign,
deciding that a possible negative value for elapsed time does not correspond
with our physical situation. From equation (2), we deduced that if vo increased,
then the time of fall also increases. This coincided with our prediction that a
projectile with fastest horizontal velocity would take the most time to fall to the
ground. For a graph of our predicted time of flight versus initial horizontal
velocity, see Graph A from the lab journal.

LabVIEW™ generated graphs of x and y pesitions as functions of time. Our
prediction for the vertical direction was equation (1). Since the ball only has one
acceleration, we predicted that equation (1) would also be true for the horizontal
motion:

X - %o = VoAt + 0.5aAt2
The dotted lines on the printed graphs represent these predictions.

**The Example of Two Bullets*
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APPENDIX E: SAMPLE LAB REPORT

Our TA asked us to compare a bullet fired horizontally from a gun to a bullet
dropped vertically. Qur group decided the bullet that is fired horizontally will
take longer to hit the ground than the one that is simply dropped from the same
height.

Data and results

This section describes your experimental method, the data that you collected, any problems in
gathering the data, and any crucial decisions you made. Your actual results should show vou if
your prediction was correct or not.

To ensure the ball’s velocity was completely horizontal, we attached a flat plank
at the end of the ramp. The ball rolls down the ramp and then goes onto the
herizontal plank. After going a distance (75 cm) along the plank, the ball leaves
the edge of the table and enters projectile motiorn.

We measured the time of flight by simply counting the number of video frames
that the ball was in the air. The time between frames is 1/30 of a second since
this is the rate a video camera takes data. This also corresponds to the time scale
on the LabVIEW™ graphs. We decided to compare the times of flight between a
ball with a fast initial velocity and one with a slow initial velocity. To get a fast
velocity we started the ball at the top of the ramp. A slower velocity was
achieved by starting the ball almost at the bottom of the ramp.

During the time the ball was in the air, the horizontal velocity was a constant, as
shown by the velocity in the x-direction graphs for slow and fast rolling balls.
From these graphs, the slowest velocity we used was 1.30 m/s, and the fastest

was 2.51 m/s.

After making four measurements of the time of flight for these two situations, we
could not see any correspondence between time of flight and initial horizontal
velocity (seetable ] from lab journal). As afinal check, we measured the time of
tlight for a ball that was started approximately halfway up the ramp and found it
was similar to the times of flight for both the fast and the slow horizontal
velocities (see table 2 from lab journal).

A discussion of uncertainty should follow all measurements. No measurement is exact
Uncertainty must be included to indicate the reliability of your data.

Most of the uncertainty in recording time of flight came from deciding the time
for the first data point when the ball is in the air and the last data point before it

E-3
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APPENDIX E: SAMPLE LAB REPORT

hit the ground. We estimated that we could be off by one frame, which is 1/30
of a second. To get a better estimate of this uncertainty, we repeated each
measurement four times. The average deviation served as our experimental
uncertainty (see Table 1 from lab journal). This uncertainty matched our
estimate of how well we could determine the first and the last frame of the
projectile trajectory.

Conclusions

This section summarizes your results. Inthe mostconcise manner possible, it answers the original
question of the lab.

Our graph indicates that the time of flight is independent of the ball’s initial
horizontal velocity {see lab journal, Graph A). We conclude that there is no
relationship between these two quantities.

A good conclusion will always compare actual results with the predictions. If your prediction was
incorrect, then you must discuss where your reasoning went wrong, If your prediction was correct,
then you should review your reasoning and discuss how this lab served to contirm your knowledge
of the basic physical concepts.

Our prediction is contradicted by the apparent independence of the time of
flight and initial horizontal velocity. We thought that the ball would take longer
to fall to the floor if it had a greater initial horizontal velocity. After some
discussion, we determined the error in our prediction. We did not understand
that the vertical motion is completely independent of the herizontal motion.
Thus, in the vertical direction the equation

¥ - yo= voit + 0.5aAt2

means that the wo is the only the y-component of initial velocity. Since the ball
rolls horizontally at the start of its flight, vo in this equation always equals zero.

The correct equation for the time of flight, with no initial vertical component of
velocity, is actually:

¥ - ¥o=0.5aAt?

In this equation, there is no relationship between time of flight and initial
herizental velocity.

Furthermore, the graphs we generated with LabVIEW™ showed us that velocity

in the y-direction did not change when the initial horizontal velocity changed.
Velocity in the y-direction is always approximately zero at the beginning of the
trajectory. It is not exactly zero because of the difficulty our camera had

E-4
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APPENDIX E: SAMPLE LAB REPORT

determining the position when the projectile motion begins. We observed that
the y-velocity changed at the same rate (slope of v plots, graphs 1 and 2)
regardless of the horizontal velocity. In other words, the acceleration in the v-
direction is constant, a fact that confirms the independence of vertical and
horizontal motion.

After you have compared your predictions to your measured results, it is helpful to use an
alternative measurement to check your theory with the actual data. This should be a short exercise
demonstrating to yourself and to your TA that you understand the basic physics behind the
problem. Most of the problems in lab are written to include alternative measurements. In this case,
using the time of fall and the gravitational constant, you can calculate the height of the table.

The correct equation for the heorizontal motion is
X - X = VoAt

The herizontal acceleration is always zero, but the horizontal distance that the
ball covers before striking the ground does depend on initial velocity.

** Alternative Analysis™

Since yo - ¥ =h and a = -g we can check to see if our measured time of flight
gives us the height of the table. From our graph, we see that the data overlaps in
aregion of about 0.41 sec. With this as our time of flight, the height of the table
is calculated to be 82.3 cm. Using a meter stick, we found the height of the table
to be 80.25 cm. This helped convince us that our final reasoning was correct,

The example of the two bullets discussed in the Prediction section was
interpreted incorrectly by our group. Actually, both bullets hit the ground at the
same time. One bullet travels at a greater speed, but both have the same time of
flight. Although this seems to violate "common sense" it is an example of the
independence of the horizontal and vertical components of motion.
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APPENDIX E: SAMPLE LAB REPORT

Activity 14 (continued)

The following are pages photocopied from my lab journal
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APPENDIX E: SAMPLE LABE REPORT
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Activity 15a. How to Grade Student Laboratory Reports

How to Grade a Student Laboratory Report

We’ve redefined the quality of writing based on the general writing factors, and how these
factors relate to the rubric used to grade physics laboratory reports. We’ve also evaluated the
sample laboratory report from the laboratory manual. Now we will go through an example of
how to grade a student laboratory report.
Individual Tasks:

3. Individually read through the example student laboratory report.

4. Follow closely as we go over the grading of the example student laboratory report.

5. Mark down any and all comments made during the presentation on the example student

laboratory report.

Time: 30 minutes

Note: This activity is to show you how to grade student laboratory reports, so follow along
closely.
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[SAMPLE COVER SHEET |

PHYSICS LABORATORY REPCORT
LAECQRATORY |

Mame and |Ds:

Ceate performed: DayTime saclan mests:

Lab Parners’ Mames:

Problem # and Tite:

Lab Instruchar Initals:

Grading Checkllst Polnts

LABORATORY JOURMAL:

PREDICTIONS
{individual predictions complatad in journal beforz cach lab session)

LAB PROCEDURES
{measurament plan recordead in journal, tables and graphs made in joumal as
dalz is eollected, ohservations writlen in journal)

FROBLEM REFORT:

ORGAMNIZATION
{clear and readable; comact grammar and spelling; section haadings
prowided; physics stated correctly)

CATA AND DATA TABLES
{clear and readabla; units and assigned uncertainties clearly statad)

RESULTS

{rasults clearly indicated: correct, logical, and well-organized calculations
with uneertainties indicated; scales, labels and uncertainties on graphs;
physics stated comeactly}

CONCLUSIONS

{companson 1o pradiction & theory discussed with physics stated correctly ;
poasible sources of uncerfainties ident fied; attention called to exparimental
priohlems)

TOTAL{incarmact or missing statement of physics will result in a
maximum of 60% of the total points achieved; incorrect grammar or
spelling will result in a maximum of 70% of the total points achieved)

BONUS POINTS FOR TEAMWORK

{as specilied by course palicy)

* An "R"in the poinis column means 1o rewrite that section only and return it to your lab
instructor within two days of the retum of the report to you,
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g8

Lab report of lab 2 problem #1
3

MASS AND THE ACCELERATION OF A FALLING BALL

The purpose of this lab is to determine if the acceleration of an object depend on its mass.
We use a baseball and a plastic orange ball (1/3 mass of baseball). These two objects
have different mass but almost the same size. They are use to be dropped so we can
calculate the acceleration for each of them. A camcorder is used to record the different
intervals of the balls. From the information received, we can determine the change of
distance and the change of time of each interval. The software program “Lab View”
guides us in our analysis of the change of velocity of each interval as it goes down the
screen.

Prediction

It is understand that any object regardless of its mass will be pull towards the earth at a
constant acceleration of 9.8 m/s2. This is only true in a vacuum room. We predicted that
the acceleration of an object would have a factor from its mass. The free-fall acceleration
of an object will increase as the mass of the object increase. This change of acceleration
is depending on the air acting on the ball. If the object has more mass then the object is
able to reduce the pressure acting upon it but if the object is light, air will be a factor and
it will not accelerate as fast.

Data and Results

We use a meter stick to ensure a vertical path for the ball to follow. The ball is being
dropped from the top of the meter stick to the floor (bottom). We use the video camera to
record a movie of the free-fall. The movie capture individual intervals of the fall, each
time frame if capture every 1/30 sec. We then use the intervals to determine the change of
distance over change of time.

The starting time for the baseball was 0.80sec and ended at 1.02 sec. The total time is
0.22 seconds to travel 100 cm. The average velocity is 454 cm/sec. The weight of this
ball (baseball) is 140 grams and 7cm in diameter.

The starting time for the orange ball is at 0.6 seconds and ends at 0.9 seconds. The total

time is 0.3 seconds over a distance of 100 cm. The average velocity of the free-fall is
333.33 m/s. The weight of the ball is 47.7 grams and a diameter of 6.5 cm.
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From the data above, we can see that the velocity of the baseball is higher then the
Orange ball.

Baseball:
(Interval 2) 140cm/ 0.26sec = 538 m/s
(Interval 1) 125cm/ 0.24sec = 520 m/s
18.46 m/s / 0.02 sec = 923 cm/s = 9.23 m/s2

Orange Ball:
(Interval 2) 330cm/ 0.22sec = 1500m/s
(Interval 1) 140cm/ 0.10sec = 1400m/s
100m/s / 0.12 sec = 833.33 cm/s = 8.33m/s2

Difference of acceleration:
9.23 m/sec2 - 8.33 m/sec2 = 1.10 m/sec2

Conclusion
In conclusion, it took 0.08seconds longer for the orange ball to reach the ground then the
baseball and baseball is acceleration 1.10 m/sec2 faster then the orange ball. We predict

that if the balls were being evaluated in a vacuum room, the acceleration would be the
same even if they have different mass.
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Activity 15a (continued)
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Activity 15b. Grading Two Example Lab Reports

Grading Two Example Student Laboratory Reports

Now it’s your chance to grade student laboratory reports. Please keep in mind the
information from Activities 17 & #18a as you go through the following 2 student
laboratory reports.

INDIVIDUAL TASKS:

1. Individually read through the 2 example student laboratory reports and grade
them using the grading rubric for physics laboratory reports.

2. Mark down any and all comments on the example student laboratory reports as
you grade them.

3. Assign points for each student laboratory report on the grading rubric.

GROUP DISCUSSION

TIME: 30 minutes

PrRODUCT

Grading rubric; comments and feedback on each student laboratory report.
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Activity 18b. Grading Two Example Lab Reports

[SAMPLE COVER SHEET |

PHYSICS LABORATORY REPCORT
LAECQRATORY |

Mame and |Ds:

Ceate performed: DayTime saclan mests:

Lab Parners’ Mames:

Problem # and Tite:

Lab Instruchar Initals:

Grading Checkllst Polnts

LABORATORY JOURMAL:

PREDICTIONS
{individual predictions complatad in journal beforz cach lab session)

LAB PROCEDURES
{measurament plan recordead in journal, tables and graphs made in joumal as
dalz is eollected, ohservations writlen in journal)

FROBLEM REFORT:

ORGAMNIZATION
{clear and readable; comact grammar and spelling; section haadings
prowided; physics stated correctly)

CATA AND DATA TABLES
{clear and readabla; units and assigned uncertainties clearly statad)

RESULTS

{rasults clearly indicated: correct, logical, and well-organized calculations
with uneertainties indicated; scales, labels and uncertainties on graphs;
physics stated comeactly}

CONCLUSIONS

{companson 1o pradiction & theory discussed with physics stated correctly ;
poasible sources of uncerfainties ident fied; attention called to exparimental
priohlems)

TOTAL{incarmact or missing statement of physics will result in a
maximum of 60% of the total points achieved; incorrect grammar or
spelling will result in a maximum of 70% of the total points achieved)

BONUS POINTS FOR TEAMWORK

{as specilied by course palicy)

* An "R"in the poinis column means 1o rewrite that section only and return it to your lab
instructor within two days of the retum of the report to you,
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Example #1

n
. Lab Report 2 - Lab 3, Problem 1

Statement of the problem:

I am a volunteer in the city’s children’s summer program.
One suggested activity is for the children to build and race
model cars along a level surface. To ensure that each car
has a fair start, my co-worker recommends a special
launcher be built. The launcher uses a string attached to the
car at one end and, after passing over a pulley, the other
end of the string is tied to a block hanging straight down.
The car starts from rest and the block is allowed to fall,
launching the car along the track. After the block hits the
ground, the string no longer exerts a force on the car and
the car continues moving along the track. I want to know |
how the launch speed of the car depends on the parameters
of the system that you can adjust. I decide to calculate how
the launch velocity of the car depends on the mass of the
car, the mass of the block, and the distance the block falls.
My ultimate goal was to find the answer to the question -
“"What is the velocity of the car after being pulled for a
known distance?” |

Prediction:
I predicted that, using the equation  V=\|(2M,gh)/(Ms+M,)
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and with the data collected during setup, that the velocity at
the time the block hit the floor would be 60.5cm/s.
(Prediction graphs are attached.)

Procedure:

First, we gathered supplies. We used a cart, a flat track with
a pulley attached, a mass hanger with a mass set to
simulate the wooden block, string, and a video camera
attached to a computer with video analysis software. We
massed the cart and the block, and began to set up the
experiment. We placed the cart on the track, and ran the
string through the pulley. We hooked our mass onto the end
of the string, and held it to a height that we measured and
marked. We began recording video and let the mass go. We
made 3 runs like this to obtain the best video. When we
were satisfied we analyzed the video and came up with a
good measurement of the cart’s velocity. We printed our
graphs and made conclusions based on our data.

Data and Results:
Mass of Cart (Mc): 753.8g
Mass of Block (Ma): 50g
Height (H): 30cm +x
Coordinate Axis:
+Y
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(Graphs of data analysis are attached)

Discussion:

The results from the lab were pretty close to the prediction
made by plugging the masses of the cart and block and the
height of the drop into the equation I wrote in my lab
journal.

In the lab, there were a few sources of obvious error. The
first major source was the method of getting data. The
computer software is a bit inaccurate in measuring the
velocity with the method of selecting points in the video
frames. The camera we used has a curved lens, which
distorts the video. This all leads to data that is off from the
expected return. Another possible source of error is the
equipment. The set-up we used was not entirely perfect in
the fact that we were not taking friction into account, yet
there was most likely friction in the cart’s wheels. This would
matter most during the time after the block has hit the
ground, which is the situation we are modeling.

We could have made a few improvements. The main
improvement would be to more accurately analyze the data
within the computer software to compensate for any
distortion in the video. We also could have made sure the
cart was properly lubricated before performing the

experiment.
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Conclusions:

In our lab, we discovered the velocity of the car after being
pulled a known distance was around 55cm/s. This was close
to our initial prediction, so we were satisfied with our
results.

The launch velocity of the car does depend on its mass, as
well as the mass of the block and the distance the block
falls. This is due to the fact that they all affect the forces
acting on the car. There are some instances where the mass
would not really affect the launch velocity. If the distance
dropped were very close to zero, the launch velocity would
be near zero no matter what the mass of the block was.

If the same block falls the same distance, the force exerted
by the block on the cart would not change, no matter the
mass of the cart. The force of the block on the cart is always
equal to the block’s weight.
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Graph Title 7
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[SAMPLE COVER SHEET |

PHYSICS LABORATORY REPCORT
LAECQRATORY |

Mame and |Ds:

Ceate performed: DayTime saclan mests:

Lab Parners’ Mames:

Problem # and Tite:

Lab Instruchar Initals:

Grading Checkllst Polnts

LABORATORY JOURMAL:

PREDICTIONS
{individual predictions complatad in journal beforz cach lab session)

LAB PROCEDURES
{measurament plan recordead in journal, tables and graphs made in joumal as
dalz is eollected, ohservations writlen in journal)

FROBLEM REFORT:

ORGAMNIZATION
{clear and readable; comact grammar and spelling; section haadings
prowided; physics stated correctly)

CATA AND DATA TABLES
{clear and readabla; units and assigned uncertainties clearly statad)

RESULTS

{rasults clearly indicated: correct, logical, and well-organized calculations
with uneertainties indicated; scales, labels and uncertainties on graphs;
physics stated comeactly}

CONCLUSIONS

{companson 1o pradiction & theory discussed with physics stated correctly ;
poasible sources of uncerfainties ident fied; attention called to exparimental
priohlems)

TOTAL{incarmact or missing statement of physics will result in a
maximum of 60% of the total points achieved; incorrect grammar or
spelling will result in a maximum of 70% of the total points achieved)

BONUS POINTS FOR TEAMWORK

{as specilied by course palicy)

* An "R"in the poinis column means 1o rewrite that section only and return it to your lab
instructor within two days of the retum of the report to you,
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Example #2

uist
109
002

Lab IIT Problem 1: Force and Motion

1. Statement of the Problem -- According to the lab manual, my group members and I
were asked to test the velocity of a toy car launched down a track. The car is attached to
a string at the end of the track, which goes over a pulley and is then attached to a block.
When the block is released, the string pulls the car down the track. After the block hits
the ground, the car is no longer pulled but keeps going. We were asked to find how the
cars speed after the block hits the ground depends on the mass of the car, the mass of the
block, and the distance the block falls before hitting the ground. The question we
answered in this lab is:

What is the velocity of the car after being pulled a known distance?

We used a toy car with a string attached to it, a block, a pulley, and a track to conduct our
experiment. We recorded the motion of the car and the block using a video analysis
application written in LabVIEW™, then analyzed the video to find the position, velocity
and acceleration of the car while it was being pulled by the falling block and after the
black reached the ground.

The block (called object A) has a significantly shorter distance to fall than the car
has to travel along its track. In this experiment, we ignored the friction between the car
and the track and between the pulley and the string. We also ignored the mass of the
string.

Experimental Setup
AN ek Py plock

3 | H""‘-—-._
| D) J 1)

[ I

2. Prediction --
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The first question asked me to calculate the cart’s velocity ~[Variables
. . X position
after the block had hit the ground. I predicted that v, = X0 initial position
VIxg[m,/{m, +m,)] . Isolved the first kinematics v velocity
_ vo initial velocity
equation, Xe = Xoc + Vet + 1/2at* for t, assuming that x, a acceleration
_ . s t time
=0, vo =0 and a =ay, and that the magnitude of the car’s m mass of object A
displacement was the same as the magnitude of the ? ?355 of car
) orce
block’s, (since the string did not stretch), yielding t = 2x/a. g gravity
. _ _ . . N Normal Force
Since v= at, v = a\(2x/a) and v* =2ax. Solving for a gives T tension force
a=v/x
Free Body Diagrams
Object A car a
T F A >
N
I T
—>
1 I +x
hed
a
l g f Fg

Since the objects are attached to the same string, the tension forces acting upon
them are equal to each other. The sum of the forces acting on Object A in the x direction
is ZFx= Fg-T. The sum of the forces acting on the car in the x direction is LF=T.
Since F= ma, Mxa=M,g-T and M.a=T. Using a = v*/2x, Ms(v/2x)=Mg-T, and
M(v'/2x)=T. Combining these equations gives M(V¥/2x)=M,g - M(v*/2x), and
solving for v gives v, = m .

The next three prediction problems asked us to draw a graph of the car’s velocity
vs. time as a function of the mass of object A, mass of the car, and distance object A falls,

respectively. The other two variables are kept constant in each graph.

Velocity of cer vs. Velocity of car vs. Velocity of car vs.
mass of object A mass of car distance object A falls
| | J\ | i
T —7 ) d .
m m X
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Amah by

The velocity would increase as the mass of object A or the distance object A falls
increased, and would decrease as the mass of the car increased. The velocity would
increase at a greater rate with the increase in distance than it would with the increase in
mass of object A. Another way this couid be said is that the graph of velocity vs.
distance would have a greater slope than the graph of velocity vs. mass of object A.

3. Procedure — We set up the experiment according to the experimental setup picture
above. The mass of the car we used was 252 g, and the mass of object A was 50 g. The
distance form object A to the ground was 0.41m and the total distance the car was able to
travel was Im. There was 0.59m for the car to travel after object A hit the ground.

We placed the camera about 1.5m away from the table holding the track so that the entire
length of the track could be seen as well as object A. We recorded the car’s motion and
then analyze it in LabVIEW™, We divided the motion of the car into two parts -- motion
before object A hit the ground and motion after object A hit the ground -- and analyzed
each part separately. We predicted the equations for the position vs. time graphs, plotted
data points of both the horizontal and vertical motion of the graphs, and then found the
best-fit equations for them. We did the same for the car’s velocities.

4. Data and Results - SEE ATTACHED GRAPHS

We predicted that there would be no motion, and hence no velocity, in the y direction for
any of the graphs, and our prediction was correct.

Before object A hit the ground --When we predicted the equation for the x
position vs. time of the car before object A hit the ground, we didn’t really know what we
were doing. We should have used the equation x = xo + vot + 1/2at’ to make our
prediction. The values for xo and vt would both have been equal to zero and we could
have predicted the acceleration using a = v¥/2x: (VZxg[my/(m, +my)])¥/2x = [my/(me
+m,)]g =a. This would have given us an acceleration of 1.49 m/s*s, and a predicted
equation of x =0 +0(t) + 0.75m/s*s(t?). The value of 0.897 m/s*s in the best-fit equation
is reasonably close to this. Since the slope of a velocity vs. time graph is equal to the
acceleration and since 0.897 m/s*s was equal to %2 a, we predicted that the slope of the
acceleration vs. time graph would be equal to 1.80 m/s*s, and our prediction fit the actual
value of 1.70 m/s*s well.

After object A hit the ground—We predicted that the car would have zero
acceleration during this portion of its motion and that its velocity would be equal to its
final velocity, just as object A hit the ground. Again, we used the equation x = xp + vot +
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1/2at* to describe the predicted motion, with xo and a both equal to zero. We predicted
the velocity to be v= V2xg[my/(m. +m,)], or 1.167m/s. This prediction was very close to
the actual value. We predicted that for the velocity vs. time graph, the velocity would stay
constant at 0. 167m/s, and our prediction was very close to the actual best-fit line
equation.

5. Discussion—
Results- The acceleration of the car in the experiment is dependant on the block

falling. Before the block hits the ground, the car accelerates because of the falling block.
The acceleration of the block and the car is the same because the same tension force acts
them upon. Their accelerations are equal to {m,/(m. +m,)]g, where m, is the mass of
object a (the block), m. is the mass of the car, and g is the acceleration due to gravity,
9.8m/s*s. The velocity of the car and of object a at the time when object a hits the
ground is equal to Y2xg[my/(m, +m,)].

After the block hit the ground there would no longer be any tension in the string
and the sum of the forces on the car would be equal, (since T=0 and F, =Fy). Because
F=ma, the car would have no acceleration. Its velocity would continue to be equal to
V2xg[my/(m, +my,)].

Error- Error resulted from our collection of data points again. It is difficult to
click on exactly the same point of the car each time and to click on the same y value
along the track each time as well. This results in distortion of the position measurements
and velocities calculated. There is not much that can be done about this, except that we
should try to be very precise in future collection of data points. Also, the camera could
have caused a slight distortion of the collected data values. In this experiment, we
neglected the friction between the car and the track and between the pulley and the string.
This made the calculations a lot easier, but it caused our predicted value for the
acceleration of the car and the block to be different than the actual value.

Improvements- It would be optimal to do many trials of this experiment, using
different values for m., m, and x, to check that the equations really fit, but time is an
issue. With more precise data collection, we could have eliminated some of the
movement and velocity seen along the y-axis.

6. Conclusions-- Using physics principles and equations, we predicted that the velocity
of car pulled a known distance by a falling object would be equal to Y2xg[m/(m. +ms)],
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where x is equal to the distance the object falls, g is equal to gravity (9.8m/s*s), m, is the
mass of the object falling and m. is equal to the mass of the car being pulled. Since the
tension forces on each object are the same, they have the same acceleration and this can
be predicted using Newton's second la\# and kinematics equations. The results of our
experiment confirmed this.

In each case but one, the predicted values for the components of the equations of
the graphs were the same or close to the actual ones. When we predicted the value for
acceleration of the car before the block hit the ground, we didn’t figure any friction into
the calculations. We based all of our future predictions off of the actual values we got
for this graph’s equation and they all matched the actual values well.

The launch velocity of the car does depend on the mass of the car, the mass of the
block and the distance the block falls, according to v = ¥2xg[my/(m. +m,)]. For values of
m, that are much larger than m., m; does not affect v very much, since [m./(m. +m,)]
becomes very close to 1.

The tension force upon the car and the block is dependent on the masses of both
objects. Changing the mass of either one will change the tension force exerted on both.
The tension force on the block is equal to its weight if the block has no net acceleration,
in other words, when T=F,. This would happen if the mass of the block was zero, and
since it could never have zero mass, it would never happen in a frictionless system. It
may come close to zero though, and would reach zero in a system with friction. We;
could test this experimentally by using a car with a very large mass and using blocks of
decreasing masses. The acceleration of the car should go toward zero as the mass of the

blocks decrease.
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) Graph Title
LabTtProblem 1: Before [A] hit the ground |
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'Lab I11 Problem 1: After [A] hit the ground |
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Campus Resources for Writing Support

Writing Support Network. The Writing Support Network is a web page that lists support
services for students in writing classes. All writing centers home pages are listed.

See: http://www.writinghelp.umn.edu/

Center for the Interdisciplinary Studies of Writing. CISW offers workshops for TAs and
faculty teaching writing-intensive courses. You can also find on their website sources for sample
courses, syllabi, and assignments that are writing-intensive.

See: http://CISW.cla.umn.edu/

Writing-Intensive Resources for Scientific and Technical Disciplines. This web site provides
information for faculty and students in scientific and technical disciplines. Faculty information
includes suggestions for evaluating written reports, integrating writing in assignments, and
incorporating revision and peer review. Student information provides a number of online
handouts on writing topics such as writing and revising, editing, oral presentations, and student
collaboration. Student can also find helpful links to other resources about writing such as other
writing centers and sources for documentation.

See: http://www.agricola.umn.edu/writingintensive/
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Activity #16a. Classroom Climate, Scholastic Dishonesty, and Diversity

L]
Classroom Climate
A positive Classroom Climate can play an

important role in determining academic
misconduct and sexual harassment.

In your groups:

1. Recall examples of positive/negative classroom
climates.

2. Brainstorm factors that contributed to the
positive/negative classroom climate
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Scholastic Dishonesty is ...

Directions: Circle T if the statement accurately completes the above sentence;
Circle F if the statement does not accurately complete the above sentence.

T/F 1. The act of passing off someone else's work as your own.

T/F 2. Extensive assistance from other people on an assignment without
recognition.

T/F 3. Using sections of someone else's homework assignment.

T/F 4. Looking at another student's examination during a testing situation.
T/F 5. Conferring with fellow students during an examination period.

T/F 6. Allowing another student to copy from your examination.

T/F 7. Using notes stored on a calculator during a closed-book examination.
T/F 8. Using another person's idea without acknowledging that person.
T/F 9. Allowing another student to copy sections of your paper.

T/F 10. Signing another student's name on an attendance sheet.

T/F 11. Permitting another student to sign your name on an attendance sheet.
T/F 12. Collaborating with a fellow student on a take home exam.

T/F 13. Copying an answer to a problem line-for-line from a textbook or
solution manual without identifying where it came from.

T/F 14. An act that can result in expulsion from the University.

Adapted with permission from the Teaching Enrichment Program at the University of Minnesota.
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Case Studies: Diversity and Gender Issues

GROUP TASK

This exercise uses "critical incidents" derived from encounters among and between teachers
and students at the University of Minnesota. The critical incidents are, as the name implies,
incidents or situations that are of importance in understanding the behavior, values, and
cultural differences of those described in the incident. Case Studies #1 through #6 deal with
incidents you might encounter as a graduate teaching assistant. Case Studies #7 and #8
describe encounters between people from the U.S. and international scholars. Case Studies
#9 through #11 deal with incidents with fellow graduate students.

The incidents are open-ended, with no absolute right answer to be guessed or learned. In our
discussion of the incidents, several explanations, alternatives, or solutions could be proposed
depending on the personality, style, or culture of the individuals.

Discuss the four critical incidents assigned to your group. Use the guidelines listed under
each critical incident to begin the discussion. There is no need to limit your discussion to just
the questions provided.

GROUP ROLES

Skeptic: Ask what other possibilities there are, keep the group from superficial analysis by
not allowing the group to agree too quickly; ask questions that lead to a deeper analysis;
agree when satisfied that the group has explored all possibilities.

Manager: Suggest a plan for discussing each incident and answering the questions; make
sure everyone participates and stays on task; watch the time.

Checker/Recorder: Ask others to explain their reasoning process so it is clear to all that their
suggestions can be discussed; paraphrase, write down, and edit your group's response to
each incident.

TIME: 25 minutes

The Checker/Recorder will be asked to make the opening comments about one of the
assigned case studies when we return to the larger group.

GROUP PRODUCT

Answer Sheets for assigned Case Studies.
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Activity 16b

Case Study #1*

One of your physics students is a highly achieving undergraduate who is very bright, personable,
and attractive. You enjoy working with this student, but are not otherwise interested in a
relationship. Unexpectedly, the student leaves you a note, professing an interest in establishing a
close relationship, along with a bouquet of flowers.

*Adapted from University-wide sexual harassment training

1. What are your responsibilities in this situation?
2. How can you maintain the kind of teaching relationship you want?

NOTES:
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Activity 16b

Case Study #2*

One day, as you are waiting for students to come in and settle down for your discussion session,
you notice that one of the students enters wearing a T-shirt which is emblazoned with a sexually
obscene and violent slogan. The student sits down as the bell rings for the class to begin. Just as
you are about to begin your opening game, another student states loudly that he cannot sit in the
class and attempt to learn if that T-shirt is allowed to stay there. The two students then engage in
a shouting match.

*Taken from University-wide sexual harassment training

1. What are your responsibilities in this situation?
2. What are some possible solutions?

NOTES:
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Case Study #3

You are discussing with your class the physics of sound, specifically why longer musical
instruments make deeper sounds. To provide a quick demonstration, you have one male student
and then one female student stand up and say "oooh." After the session, the female student goes
to the professor and says that she felt singled out since she is the only woman in the class.
Further, she was upset and embarrassed since saying "oooh" loudly in a room full of men seemed
to her to be too sexual a thing to do.

1. What could you have done to prevent the situation?

2. What could you do to resolve the situation?

3. What could your professor have done to prevent the situation?
4. What could the professor do to resolve the situation?

NOTES:
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Activity 16b

Case Study #4

Jose, a student in your section, is in a wheelchair. His brother Pedro is in the same section, and
is very protective of Jose. (Pedro registered for all the same classes as Jose on purpose so that he
can help him out.) The brothers want to be in the same group, but you want to have diverse
groups so that students can get to know one another. However, because of Jose's disability you
give in to the brothers and put them in a group with two other people. When there is a group test
problem, the brothers surprise you by speaking Spanish to one another. You ask them to speak
English so that everyone in the group can understand. They tell you that they don't think they
read English as well as other people in the class and are just talking to each other in Spanish to
be sure that they understand the quiz problem.

1. What could you have done to prevent the situation?
2. What can you do to resolve the situation?

NOTES:
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Activity 16b

Case Study #5

You are a relaxed TA, often chatting and laughing with students in your section before you start
class. One day before lab, you discover that you share an interest in racquetball with one of your
students and you make an appointment to play. Soon you are meeting every Wednesday at lunch
for a racquetball game with this student and becoming friends. The other students in your
section know about this and are upset about it. You think it's no big deal, since it's not as though
you are romantically involved with your student.

1. What are your responsibilities in this situation?
2. What can you do to resolve the situation?

NOTES:
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Activity 16b

Case Study #6

Early in the spring semester, one of your fellow team members stops by your lab section and
starts chatting and visiting with one of your students during the lab. It is soon obvious that the
two are in a relationship. After lab, you find out that this student was in the TA’s lab last term.

1. What are your responsibilities in this situation?
2. What can you do to resolve the situation?

NOTES:
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Case Study #7*

Abdelkader, Mohammed and Naji, students from the same country, are close to completing their
first semester at the University. When they first met at the new student orientation program and
discovered they were all in the same engineering department, they arranged their schedules so
they could take most of their classes together. Every day before their physics class they met to
study each other's notes and to discuss the assigned reading and homework they had done the
night before.

Their physics professor noticed that the three students made nearly the same errors in the first
exam of the semester. At the time, he assumed it was because they were from the same
educational background. However, when he noticed that all three students had exactly the same
problems incorrect on their second test, he decided they had to be cheating. The professor called
the students into his office and explained that this type of behavior was unacceptable. He told
them that he was going to call the foreign-student advisor to see what action could be taken
because of their cheating.

* Adapted from Florence A. Funk's "Intercultural Critical Incidents"
1. What happened? (Describe the situation.)

2. Why? (Give causes/interpretation of the situation.)

3. Alternatives/Solutions:

a. What could have been done to prevent the situation?
b. What can be done to resolve the situation?

NOTES:
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Case Study #8*

Chong, a new international student at the University of Minnesota, arrived on campus two weeks
before classes began so he could find housing, register for classes and become familiar with the
St. Paul-Minneapolis area. During this two week period everything went well. He found an
apartment to share with a U.S. student from his department, was able to register for all the
classes he needed, and made the acquaintance of a few other students. Once classes began
Chong discovered that he was thrilled with the discussion that took place between the students
and professors in his classes, he enjoyed the company of his roommate's friends and he enjoyed
the easy access to movies, shopping, and fast food establishments.

About three weeks into the term, Chong began to find the endless classroom discussions a waste
of time. He was frustrated with the ridiculous antics of his roommate's friends and it seemed that
everything he needed cost too much. He found that he was now seeking the company of his
countrymen and that their discussions most often centered on how "screwed-up" everything was
in the States. He ate lunch in a local ethnic restaurant and avoided contact with students from the
U.S. unless it was required to fulfill classroom assignments.

*Taken from Florence A. Funk's "Intercultural Critical Incidents"
1. What happened? (Describe the situation.)

2. Why? (Give causes/interpretation of the situation.)

3. Alternatives/Solutions:

a. What could have been done to prevent the situation?
b. What can be done to resolve the situation?

NOTES:
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Activity 16b

Case Study #9

Boris is a first year physics graduate student from Russia. Although he speaks English with a
heavy accent, he is fluent and is given his own discussion and lab sections to teach. After a few
weeks he becomes puzzled by his students' behavior. Even though he can tell from their test
scores that they are confused about physics, they never ask questions or come to his office hours.
They come to class late and have to be asked two or three times before they will respond when
he asks them to go to the board. Boris comes to you and asks what he should do.

1. What happened? (Describe the situation.)

2. Why? (Give causes/interpretation of the situation.)

3. Alternatives/Solutions:
a. What could have been done to prevent the situation?
b. What can you do to help resolve the situation?

NOTES:
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Case Study #10

Mary was having some difficulty in one of her 5000-level physics classes.

She had trouble with the homework assignments and then scored below the median on the first
two exams. About halfway through the term, Mary went to see the professor to ask him for help.
He told Mary that she should really be ashamed at her performance in the class and that she
would probably fail. He refused to help her and told her that she should drop out of school, since
it was unlikely that she would ever be a physicist. After meeting with him, the student was so
upset that she went to the top of a tall building and considered killing herself.

1. What happened? (Describe the situation.)
2. Why? (Give causes/interpretation of the situation.)
3. Alternatives/Solutions:
a. What could Mary have done to prevent the situation?
b. What can Mary do to resolve the situation?
c. What could the professor have done to prevent the situation?
d. What could you (as one of Mary's classmates) do to prevent or resolve the situation?

NOTES:
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Activity 16b

Case Study #11

In one of her sections Susan had a male student, Joe, who was very self-assured. During her
office hours, he often sat very close to her and put his arm around the back of her chair. One day
in lab, as Susan helped a group at the next table, Joe reached behind him and stroked her leg.

She said, "Don't do that," and asked to speak to him after class. When the other students had
gone, Susan said, "I don't know what you thought you were doing when you touched my leg in
class." Joe said that it had been an accident, and Susan ended the conversation. Immediately
after that, she went to see the lecturer for Joe's class and told him the whole story. The professor
laughed.

1. What happened? (Describe the situation.)

2. Why? (Give causes/interpretation of the situation.)

3. Alternatives/Solutions
a. What could the TA (Susan) have done to prevent the situation?
b. What could Susan do to resolve the situation?
c. What could the professor have done to prevent the situation?
d. What could the professor do to resolve the situation?
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Homework #1: Analyzing Students’ Alternative Conceptions

Part A. Analyzing Force Concept Inventory Questions:

The top of each attached page shows a question from the Force Concept Inventory. The
"Pre" and "Post" columns show the percentage of students in the calculus-based course
that selected each of the possible answers on the pretest (given at the beginning of the
term) and the posttest (at the end of ten weeks of instruction).

For each question:

a. Describe briefly how a student might be thinking who selected each incorrect
answer. (Hint: Review the alternative conceptions from the McDermott and
Wandersee et. al., articles.)

b. Which of the possible "alternative conceptions" were successfully addressed by
instruction? Which were not?
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TA Orientation 2005 Homework #1 (continued)

il Question 30
Despite a very strong wind, a tennis player manages to hit
a texmis ball with her xacquet so that the ball passes over
the net and lands on hexr opponent’s court.
Consiler the fdlowing forces:
1. A downward force ufgmwit_',lf.
2. A force by the "hit". ;
3. A force exerted by the air.
mhmﬂmmmme{s}is{m%:}rﬁngunﬂetmmjstnﬂ
after it has left contact with the racquet and before it tonches

the ground? : Pre Post
(4) 1 anly r 2 10
(B)land 2 : 4 7
(C)land 3 © 18 46
(D)2 and : 3 11
(E)l, 2, and 3 .75 36

a. Describe briefly how a student might be thinking who gives each incorrect answer.

b. Which of these “alternative conceptions” were successfully addressed by instruction?
Which were not?
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TA Orientation 2005 Homework #1 (continued)

2.
L)
Question 19
N .
RIS

Do the blocks ever have

the same speed? Pre Post
(A) Mol i 8
(B) Yes, at instant 2.

() Yes, at instant 5. 0

(I Yes at instant 2 and 5. 20 20
(E) Yes at some time 51 5

during interval 3 to 4.

a. Describe briefly how a student might be thinking who gives each incorrect answer.

b. Which of these “alternative conceptions” were successfully addressed by instruction?
Which were not?
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TA Orientation 2005 Homework #1 (continued)

L] Question 4

A large truck collides head-on with a small compact car.
During the collision,

Pre Post
(A) the truck exerts a greater amount 79 46
of force on the car than the car
exerts on the truck
{B) the car exerts a greater amount r] 1
of force on the truck than the
iruck exerts on the car.
(C)h neither exerts a force on the other, 1] ]

the car gets smashed simply because
it gets in the way of the truck.

I3y the truck exerts a force on the car, i 1]
but the car doesn't exert a force
on the truck.

(E) the truck exerts the same amount 19
of force on the car as the car exerts
on the truck. P

]
L]

a. Describe briefly how a student might be thinking who gives each incorrect answer.

b. Which of these “alternative conceptions” were successfully addressed by instruction?
Which were not?
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TA Orientation 2005 Homework #1 (continued)

Part B. Analyzing Open-Ended Questions:
The attached sheets contain student responses to two open-ended questions given to
students in the calculus-based course as a posttest (after ten weeks of instruction).

1. First read through the responses of Students #1, #2 and #3. These students wrote
fairly good and complete answers to the questions.

2. Now read through the remainder of the student answers.
* What is one thing that surprised you about these responses? Why?
* What is one thing that did not surprise you? Why?

3. Read through the responses again, and answer the first three questions on the next
page.

4. Imagine you were tutoring the student assigned to your group. What example
situation, reference to a common experience students are likely to have, or set of
questions do you think might help move the student away from their alternative
conception(s)? Discuss.
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TA Orientation Homework #1 (continued)

Answer Sheet

1. What conceptual difficulties do Students #4, #5 and #6 have with the concept of
acceleration? (Hint: You may want to look at the McDermott article, page 27).

2. Which students' responses to the passenger/car questions indicate a forward force
on the passenger or car which is a "pseudo-force" or non-Newtonian force (i.e., not
caused by the interaction of the passenger or car with real objects). What might
these students be thinking to indicate these non-Newtonian forces? What is your
evidence?

3. Which students' responses to the passenger/car questions indicate a backward force
on the passenger or car which is a "pseudo-force" or non-Newtonian force (i.e., not
caused by the interaction of the passenger or car with real objects). What might
these students be thinking to indicate these non-Newtonian forces? What is your
evidence?

4. What example situation, reference to a common experience students are likely to have, or set
of questions do you think might help move Student # away from their alternative
conception(s)?
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TA Orientation Homework #1 (continued)

The following questions are far course evaluation purposes only and will not be graded. They will
he.lpu:wduﬁghowwHWmnyom-hmmgnepad::hiswuL.

Motion Up the Ramp
1 —

,_ e Y —

Motion Down the Ramp * o
3 G 2

e T1

1. A steel ball is launched with some inital velocity, slows down as it travels up a gentle incline,
:ﬁu;hdmmn. and then speeds up as it retums to its starting point. Asgsume friction is
&f

@@ S8 we calculated the acceleration of the ball as it's moving up the ramp (from 1 to 2),
mmdaaﬁonuiflmovingdawnthenmp(ﬁom2w3). How would these two

accelerations compare? (i.e., Are the accelerations the same size? The same direction?)
Explain your '

TAe wccsbmePloA oF the bal) cs r’-/lmm.-l a/ﬁ‘e ra g Vo P4

be an acceleralian oK A S A T A3 as F e A

donwa He mmp _ The, would alse be of He soHle crae, becuySe
He 5bPe of He rtamp ts conshant Hrughont vig evens

your ‘
)"‘-’5. o TFs AZ"’-’"{ po Nt e acceltraten TS SAT/) M same s
betore. , Hha veiog_nﬁ, howerer rs O. :

.5'\'0 dent # 1

(b) Does the ball have an acceleration at it's highest point on the incline (at position 2)? Explain
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TA Orientation Homework #1 (continued)

3. You are a passenger in a car which is traveling on a straight road while it is increasing speed
from 30 mph to 55 mph. You wonder what forces causc you and the car to accelerate. When
you pull over to eat, you decide to figure it out.

(@) On the left side of the table below, draw and label arrows representing all the forces acting on
you (passenger) while the car is accelerating. The length of the arrows should indicate the
relative sizes of the forces (Le., a larger force should be represented by a clearly longer arrow,
equal forces by arrows of equal length). On the right side of the table, describe each force in
words (i.e., What kind of force is it? Is the force a push or a pull? What object, if any, is
exerting the force? What object is being affected by the farce?).

You (Passenger) Description of Each Force

PusHiING Yo RS —HE
QAR NICELERRTES . PusH

W T gRAVITHTIONE FUTLE
Fagit o EARTH on YOU. PIL
o N = NORYAL FoRLE 0F SEAT
d oY Youw

() Which force(s) causc you (passenger) to sccelerate? Explain your reasoning.

—

Viopar QAVES You T@ AMELERITE RBeCRIss 1T 1S

'
NaT COVMTERARTER ey ANY CTHEY FOULES -

Stvdent #2
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TA Orientation Homework #1 (continued)

c) On the left side of the table below, draw and label arrows representing all the forces acting on

© the car while it is accelerating. The length of the arrows should indicate the relative sizes of
the forces (i.c., a larger force should be represented by a clearly longer arrow, equal forces by
arrows of equal length). On the right side of the table, describe each force in words (i.e.,
What kind of force is it? Is the force a push or a pull? What object, if any, is exerting the
force? What object is being affected by the farce?).

Car Description of Each Force
W e ~tha ﬁwaﬁHch Pu.l‘. of
e ear on ihe car

Acive ot N = Yk sugpert Hree of He
cood e T car, distribuied
4.»:«\\3 on N\ Hw Hres.
A= ﬁa.de‘%-prca of Yhe air
on the cor as It Wowes

frwerd:
= Ak Friehondl force of

.m ‘-au..d o~ ‘H&( "{“"s
IR forward woton,

(d) Which force(s) cause the car o accelerate? Explain your reasoning.
e Hichonal . force of the c2ad oa Hu tires calses 'HNL.
car e accelerate. The hes are movi O in that dineeh on

and 1§ thare whare ne ‘p'ftﬁ.:m,‘%{‘-d wd Just _;Pi'n.su\ncd. Yhare

s friehen Vehucen Ha vwad ang hres i+ acts in =» this .
& move forword This [ stabc Hriekon.

Stodent #HS

dire etion causing Hha e
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TA Orientation Homework #1 (continued)

The following questions are for course evaluation purposes only aad will not be graded. They will o
help us evaluate how weil we met your leamning needs this course.

Motion Up the Ramp 2
I BT S i e —— S S—— — — — —

Motion Down the Ramp
3 | — —

1. A steel ball is launched with some initial velocity, slows down as it travels up a gentle incline,
reverses direction, and then speeds up as it returns to its starting point. Assume friction is

negligible.
(a) E:Epouwecalculaudtheaccelmﬁonoftheballuil‘tmovingupthenmp (from 1w 2),
the

acccleration as it's moving down the ramp (from 2 to 3). How would these two
accelerations compare? (i.e., Are the accelerations the same size? The same direction?)

Explain your reasoning. o
The accelecation of +he ball Fam &0 2 wov

Do \GCS.Q.I‘ thon Hhe accddeahon ofF The ball
K am | <p 2Mtcause i+ Auldes mMore wer ¢ o
M ball 4o go Up He (amp Wn":jo dow n P~

ramp - The accé.(e,(q-}-;ons would beinthe same

dive cHan .

(b) Does the ball have an acceleration at it's highest point on the incline (at position 2)? Explain
your reasoning.

f\)o:r{' does not ,1'} must S.'f‘og/'a.-f‘ least+ ér‘
& setond , so i+ can reue< its direction .

Otudent #4.
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TA Orientation Homework #1 (continued)

The following questions are for course evaluation purposes only and will not be graded. They will
help us evaluate how well we met your lcaming needs this course.

Motion Up the Ramp 2
1 — P —
'_——1-—_-— _________ _D-
Motion Down the Ramp  ,
3 44— i J—
'——-—_—-I=- —————————— —D—

1. A steel ball is launched with some initial velocity, slows down as it travels up a gentle incline,
reverses direction, and then speeds up as it retumns to its starting point. Assume friction is
‘ negligible.
(a) i:gpoaewecalcuhuamcaocelmﬁonofanbauuir.moﬁngupmmmp(ﬁmlm-_I_‘_z),
the acceleration as it's moving down the ramp (from 2 to 3). How would these two
;—cxcelhi?ﬁons compare? (i.e., Are the accelerations the same size? The same direction?)
P your reasoning. \ : r . *
- m QCLQIQQA‘H‘M} G.ro (N oﬂﬂOSr%d;f@(ﬁwI Oj}(,?/ W
- ;:«'I.«lﬁ
§ pone by goy foun A rasy and g’y Jped,

(Nf’ ng, p-ﬂle{ X9 /189 hve 6/ -?W‘!t}'/ v fhe oy od %gﬂ
;/Dw'yﬁlolﬁh

(b) Does the ball have an acceleration atif's highest point on the incline (at position 2)? Explain
your reasoning. . - -
LM e point thy bay Furs &roud 7%@/&
Ll Ve A0 Gueloatin Sue ar thi pon v=o.
The  acecferatrn i) Stact onu a94/n 4r The baty

Starh Mow‘y dawn e Mcline.

Student # 5
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TA Orientation Homework #1 (continued)

The following questions are for courss evaluation purposes only and will not be graded. They will
help us evaluate how well we met your learning needs this course.

Motion Up the Ramp 2
'—_—“ﬂ——-_—_- — — — .—-——-——D—

Motion Down the Ramp  »
G —

1. A steel ball is launched with some initial velocity, slows down as it travels up a gentle incline,
revgirses 1£imm' and then speeds up as it rerurns to its starting point. Assume friction is
negligib :

() Sugpose we calculated the acceleration of the ball as it's moving up the ramp (from 1 to 2),
and the acceleration as it's moving down the ramp (from 2 to 3). How would these two
accelerations compare? (i.e., Arc the accelerations the same gize? The same direction?)
Explain your reasoning.
To C-H"F;rt 'Hu. o acu’eo%‘--\s W< wau} cL Ct‘ml M«g
fﬂ?jn?‘(‘* des P b 2ppred ma e !7 Mo same, b oajie Phe accdesshs

directiron yoh  mest geasider phich 3y W molten 13 in rlshin
1(" e .,"-*“'L"”‘ : S\ ‘(}‘"\ 01 * f‘d’ Mﬁlﬂ- s 2 wv:J‘“ﬁ acue f““.ﬁa
'Nta-v-y He 2c¢ cf.{e !‘-‘»')lﬁa,1 (X f’!"u )Prm ,'-‘( ore (,-hé,, > J M,}h,,_

Form Fwr o %rﬁ:ccelemfwn s pusiie becanse hois Phe som:

direction . pretidn

(5) Does the ball have an acceleration at it's highest point on the incline (at position 2)? Explain
your reasoning.

The ,_,'mﬁ,.’,'}-m}.c r'f: HM- lﬂ}”:# Pomf 2 s gZro.
MH’L\ 'H"'!- ball 34' %’fs er'n'{') ﬂ\t J'HW'RM o[ Y’l"('“'" 15
CJ\?K) E»; 5% 9£¢£{tr3'+‘"" J&jn’f— 'ex\51L :;4’" ‘Mﬂ?‘}‘ ]n.S‘?l:ngane.w}J

. Student # 6
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TA Orientation Homework #1 (continued)

3. Y&umapusengcrinacarwhichismvelingonastnightroadwhﬂeitisinmuings
from 30 mph to 55 mph. You wonder what forces cause you and the car to accelerate. When
youpullovertocat,youdecidctoﬁgurcitout.

(a) Ontheleﬁsiﬂeof:heublebelow.dnwaqdlabelmwsmscndngan:hefm-oeucﬁngon
you (passenger) while the car is accelerating. The length of the arrows should indicate the
relativesimofthcfdmu(i.e.,alargcrfome:houldbewnwdbyaclculy aITow,
equal forces by arrows of equal length). On the right side of the table, describe cac force in
words (ie., What kind of force is 1t? Is the force a pushora pull? What object, if any, is
exerting the force? What object is being affected by the force?).

You (Passenger) . Description of Each Force
F“ Cmc ef grmﬂ-y bs’ t.aw-ﬂn(ﬂu”)

For forun frarm e lovmdion
2 0@ Cav (Pu.ll\ .

F,= Coce o€ inuier puling ek

fy F Fo v Woemel Pore Erom
Seat (Purch)

(®) Which force(s) cause you (passenger) o accelerate? Explain your reasoning. .&.

frree _
Srodert # T
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TA Orientation Homework #1 (continued)

. in a car which is raveling on a straight road while it is increasing
’ gg::% ;ppﬁ’giﬁﬁh. You wonder what forces cause you and the car to accelerate. When
you pull over to eat, you decide to figure it out.

left side of the wble below, draw and label arows representing all the forces acting on

® )?anu%umgcr) while the car is accelerating. The length of the arrows should indicate the

Telative sizes of the forces (i.e., a larger force should be represented by a clearly longer arrow,

equal forces by arrows of equal length). On the right side of the table, describe each force in

words (i.c., What kind of force is it? Is the force a push or a pull? What object, if any, is
exerting the force? What object is being affected by the force?).

You (Passenger) Description of Each Force

The push Hove e v
+re b cll Y
(e flﬂr’/jﬁf-? ég v¢ / %
fre porh Forel From
— uw! bttt while

’f B e e le rate,

The Pz force of

2rovit WE cg,amf/
-f?a w}:{/@rmﬁ/ Az
ol " fpe. seat belltn
ps'r;h}f; vp or Yo e

(b) Which force(s) cause you (passenger) to accelerate? Explain your reasoning.

The foree o+ $ov cor” !éA/L/w'/r(w;
you ﬂ,//w} wrty . T enr. |

Student # 8
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TA Orientation Homework #1 (continued)

3. Youmnpmengerinacarwhiqhisu:veﬁngma:ﬂaightmdwhﬂelminmﬁngm
from 30 mph 0 55 mph. You wonder what forces cause you and the car to accelerate.
you pull over t eat, you decide to figure it out.

(2) On the left side of the table below, draw and label arrows representing all the forces acting on
you (passenger) while the car is accelerating. The length of the arrows should indicate the
relative sizes of the forces (i.e., a larger force should be represented by a clearly longer arrow,

- equal forces by arrows of equal length). On the right side of the table, describe force in
words (iLe., What kind of force is it? Is the force a push or a pull? What object, if any, is
exerting the force? What object is being affected by the farce?).

You (Passenger) Description of Each Force

Tnerha « the e T4
autl&f‘a*f'\'r‘f FWW‘ZF‘J, bu¥
youy bo&\f wants 1o sfayl.

in T+ origingl Fiom
foee oFSeat ang )/5: jr': Pﬁgit(cj F‘r{fb

¢l oF s+ Fhe %ot q
S Gro.vi")'y - grmﬁy P!#Skcé ’
el ’ Vo Yo the seat ‘nc]

holdd you W the tar
Forte cf Seat ~ seat Puﬁfx‘i"\j
Yk on fok a5 you
+y do (€Tt motion

(b) Which foree(s) cause you (passenger) t accelerate? Explain your reasoning.

The Socce of He %t propels ypu Foturard

F T fcie o the auclrahing car i
Leanfereed 40 ARC Seaf wRLh 39 pret of

he (ol
el Strudent # J
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TA Orientation Homework #1 (continued)

3. Youarcnpassengu-inacnwhichismvelinganasmightmadwhﬂeitisinmsingspead
from 30 mph to 55 mph. You wonder what forces cause you and the car to accelerate. When
you pull over to eat, you decide to figure it out.

(3) On the left side of the table below, draw and label arrows representing all the forces acting on
you (passenger) while the car is accelerating. The length of the arrows should indicate the
relative sizes of the forces (i.e., a larger force should be represented by a clearly longer arrow,
equal forces by arrows of equal length). On the right side of the table, describe cach force in
words (i.e., What kind of force is 1t? Is the force a push or a pull? What object, if any, is
exerting the force? What object is being affected by the force?).

You (Passenger) _ Description of Each Force
}v‘:‘ Force ak @enr Mal 0'5;?.&1‘
A\ Fq-c ce of Haw €Y.

C . Fo ree of eéraqi*7

K
: 0~ ‘Q . Fo:c-. ot seak
i | aN — = Focew oo L xet
\)/ : o AL C_-.e_a..'t‘
-

®) Whichfum(sSeumm(p;mga)mamdmm? Explain your reasoming.
o, A, ey Beer vou ity
Geot

Student #10
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TA Orientation Homework #1 (continued)

3. You are 2 passen erinawwhichismvelinéonaswﬁghtmldwhﬂeitisinmdngm
from 30 mph to 55 mph. You wonder what forces cause you and the car to accelerate.

you pull ovez to eat, you decide to figure it out.

(a) On the left side of the table below, draw and label arrows representing all the forces acting on
you (passenger) while the car is accelerating. The length of the arrows should indicate the
relative sizes of the forces (i.e., a larger force should be represeated by a clearly longer arrow,
equal farces by arrows of equal length). On the right side of the table, describe force in
wards (i.e., What kind of force is it? Is the force & push or a pull? What object, if any, is
exerting the force? What object is being affected by the force?).

You (Passenger) Description of Each Force

3
L—”; @;rmi ere

f = '\c;.rq.{_ gl\ 3ru\+_:

e .
F;_ f c;: pﬁ = Frece o{; ft&‘*@‘-kf
K Ainedie)
J'c) R
‘F:OV'L.\_ g,,-i-ﬂ\e. .

(b) Which force(s) cause you (passenger) w accelerate? Explain your reasoning.

- ':.D'H'\.c,. A.M.sme"

\'—FP -{;,;,C, pI'H‘#-) &-ra.r\s.-.;ir}"('{di- \_).\9\ H“t car,

Jtudent # 11
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TA Orientation Homework #1 (continued)

c ide of the table below, draw and label arrows representing all the forces acting on

© ﬁggﬁmuwmg The length of the arrows should indicate the relazive sizes of
the forces (i.e., a larger force should be represented by a clearly longer arrow, equal forces by
arrows of equal length). On the right side of the table, describe each force in words (i.c.,
What kind of force is it? Is the force a push or a pull? What object, if any, is exerting the
force? What object is being affected by the force?).

Car Description of Each Force

Nenornnal foree”

N ‘E-_ﬁ \Cr‘fcﬁaﬂa.( force

betweetl 28 + Fire.
_EE W= Sra\l;‘l'a‘l'lana( f"’”
W 0f eact+hn oa Hhe

cal,

(d) Which force(s) cause the car to accelerate? Explain your reasoning.

The £erichonal Grce and Sf‘a'ui tational putl
Cause ‘+he Cal %'ac:@(a@%é. e 'p(}c-f'}mq]

Gocce bcﬁz)»zcn-H\.e_ Lires and e @ad
a\tm e car 4o Mmove @orwamﬁang

aca.el.che. St“de“t #12'
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TA Orientation Homework #1 (continued)

On the left side of the table below, draw and label arrows representing all the forces acting on
© thecar;hilcitismelmﬁng. The length of the arrows should indicate the relative sizes of
the forces (1.c., a larger force should be represented by 2 clearly longer arrow, equal forces by
arrows of equal 1 . On the right side of the table, describe each farce in words (e.,
What kind of force s it? Is the force a push or a pull? What object, if any, is exerting the

farce? What object is being affected by the force?).

Car Description of Each Force

w o
TV

Ffem—;‘- F'WWW"

(&) Which farce(s) cause the car w accelerate? Explain your reasoning.

i o of unben o o o oo ozl
Busousss of vHhe et § vrmobat ¢ kb umal
Gl e o b

Student # 13
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TA Orientation Homework #1 (continued)

i the table below, draw and label arrows representing all the forces acung on
© % ?aerl:.-ﬂhn‘;df; ?sflwekﬂting. The length of the arrows should indicate the relative sizes of
the forces (Le., a larger force should be represented by a clearly longer arrow, eguﬁmby
a:mw:o!equallengm).On:heﬁghtudeof:hctabls.d:mbe_migfmepw (;;.e.
What kind of force is it? Is the force a push or a pull? What object, if any, is exerting
force? What object is being affected by the force?).

Car Description Ofp Each Force
= vee OF vi #

i Cvf:'t :a FHA ?ﬁfﬁ” 4
F= Aov pre Gb#ﬂ;l CE@pH
roed ( Pushd .
71f= Fores of CrictHon
F, | o rosht Hres Pl

ﬁf = ﬁccelam“ng Qaru

Cror Cav'y wotov
{ Pul)
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@ mws)mmmPM?mmnu%/d:
e o~ Tt M -

Student # 14
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TA Orientation

Homework #1 (continued)

(c) Ondulefmdzoftheuhlebelow.dmwandlabelmwsrepmmun all the forces acting on
the car while it is accelerating. Thchngmofmelmwsshouldmdlmmerdmvenmof

the forces (i.c., 2 larger force should be

arrows of equa.l len

represented by a clearly longer arrow, equal forces by
On the right side of the table, describe each force in words (i.c.,

What kind of force i3 it? Is the force a push or a pull? Whuohgect.ﬂany is exerting the
force? Whmobjecmbemga.ﬁ'acmdbythefmm?).

Car Description of Each Force
Con teenlo ha
F aﬂﬂ:foﬂ-ﬂﬂiﬂ;r\ . i
INAS e £ o |[Foom cban = F goesl a2
e g | Tl s et e
MWF(%\M.L].
T F g
Freed - T

()] thchfave(s)cauae:hemlnawelmn? Explain your

reasoning.
+ Fem oo Fooad 4 (ot fpas) oll lelp

Student #1D
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TA Orientation

(c) On the left side of the table below,
the car while it i3 accelerating. The
the forces (i.c., a larger force should be
arrows of equal length). On the right

What kind of force is it? Is the force a
force? What object is being affected by the force?).

Homework #1 (continued)

draw and label arrows representing all the forces acting on
length of the arrows should in

the relative sizes of

represented by a clearly longer arrow, equal farces by
side of the t!z:le, describe each force in words (i.e.,
push or a pull? What object, if any, is exerting the

Car

Description of Each Force

o ? Arvemal aPP‘“-‘% =
3 -
Fj 7_‘7.F°r¢ e o{’g'fé JB
— | '
F.F # ‘Forr.c -Pw uaofﬁ.&.
‘ﬁ'om g’ engire

F% :Dqﬁorte: aﬁ— fes'u-"'ﬁﬂte
(dir“ Ff:uko'\ )

(d) Which force(s) cause the car to accelerate? Explain your reasoning.

E\F -ﬁorce_- ‘{:\ofﬁﬂ"d N o bk\*‘v‘ Cka{cc’
ny
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TA Orientation 2005 Homework #3
Homework #3: Solving Problems Using Your Problem Solving Framework

Note: Before you do this homework, complete the reading assignments:
Competent Prablem Solver. Read/skim the brief descriptions and examples:

*  Pictures and motion diagrams: pages 1-4 ta 1-5; pages 1-8 t01-9; pages 2-4 and 2-12;
pages 2-6 and 2-14; and pages 3-6 to 3-13 (17 pages)

* Free-body and force diagrams: pages 4-1 through 421 (21 pages)
Instructors Handbook, Teaching a Dizcussion Session

= Owerview of Teaching a Discussion Seclion (2 pages)

= Qutling for Teaching Discussion Sessions (1 page)

= Detailed Advice for Teaching Discussion Sessions (4.5 pages)
= Spme Teaching Teols

Imagine that you have been asked by your professor to write solutions for the five
discussion session problems on the following pages. The solutions will be
photocopied and passed out to all the students in the course at the end of each
discussion session.

Solve each problem by following the problem-solving framework you designed in
TA Orientation last Friday. Write your solutions on the answer sheets that you
designed. Be sure to include motion diagrams and/ or both free-body and force
diagrams. Use the agent-object notation for the forces (in Readings, Hughes, 2002).

You can use only the fundamental concepts and equations for special conditions that
your students would know at the time you give them each problem to solve. You
would write these equations on the board (or they would be included with the
problem) before vour groups started solving the problem. Imagine also that you want
to model solving problems based on principles and concepts, instead of the memorized
plug-and-chug or pattern-matching “formulas.” So you decide to limit the kinematics
equations to three, independent equations.

You may find the following information useful in solving the problems.

Useful Mathematical Relationships:
: ; i b
For aright triangle: sinf = % . tos B ™Y tan 8 =§,
c a2 + b2 =c2, sin? B+ cos? B =1, sin 28 =2 sin Acos B

&
For a circle: C = 2nR, A = nR2
4
5 For a sphere:A = 4nR2, V =3 nR3
s B 8 = i e, e uﬁ-mc

Useful constants: 1 mile = 5280 ft, Tkm = 5/8 mile, g = 9.8 m/s? = 32 ft/s?
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TA Orientation 2005 Homework #3 (continued)

1.

Runner Problem. Chris and Alex are practicing for their next competition race. Chris runs
at a constant speed of 3 meters/second down a long straight road. After 5 minutes, Alex
starts from the same place and runs at a faster constant speed of 4 meters/second. How far
from the starting point will the runners be when Alex catches up to Ken?

Remember to use only the equation shown below,
Ax xp—x
. _ B A
Fundamental Concept: Trm ™ g o

Traffic Accident Problem: You have a summer job with an insurance company and are
helping to investigate a tragic "accident.”" At the scene, you see a road running straight
down a hill that is at 107 to the horizontal. At the bottom of the hill, the road widens into a
small, level parking lot overlooking a cliff. The cliff has a vertical drop of 400 feet to the
horizontal ground below where a car is wrecked 30 feet from the base of the cliff. A
witness claims that the car was parked on the hill and began coasting down the road, taking
about 3 seconds to get down the hill. Your boss drops a stone from the edge of the cliff and,
from the sound of it hitting the ground below, determines that it takes 5.0 seconds to fall to
the bottom. You are told to calculate the car's average acceleration coming down the hill
based on the statement of the witness and the other facts in the case. Obviously, your boss
suspects foul play.

Remember to use only the equations shown below,

AX Xp=1X, AV, V= Vo
i W |, S —— a = =
Fundamental Concepts: Vi n A -t pa =T —

|
Under Certam Condifions:  Xp = Eﬂg{ﬂllz + v (A +x,

Ice Skating Problem: You are taking care of two small children, Sarah and Rachel, who are
twins. On a nice cold, clear day, you decide to take them ice skating on Lake of the Isles. To
travel across the frozen lake you have Sarah hold your hand and Rachel's hand. The three of
you form a straight line as you skate, and the two children just glide. Sarah must reach up at
an angle of 60 degrees to grasp your hand, but she grabs Rachel's hand horizontally. Since
the children are twins, they are the same height and the same weight, 50 Ibs. To get started
you accelerate at 2.0 m/s2. You are concemed that the force on the children's arms might
cause shoulder damage. So yvou calculate the force Sarah exerts on Rachel's arm, and the
force you exert on Sarah's other arm. You assume that the frictional forces of the ice surface
on the skates are negligible.

Eeme 1 iaticns shown at the top of the next pa
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TA Orientation 2005 Homework #3 (continued)

Ax Xp- Av Yoo —y
Fundamerntal  Yxaw = T - Ay gy ™ Tt’l- - _EIJTIES'.
T o f o
Concepis:
AR = iy Fz =F
LInder | "
Certamn Xp= Eﬂx{ At) + '-'ml'lfll] +X, F=mg F= |"‘E]i~din,gN Fsp, N
Conditions:

4. A 20-Kg block is pulled along a horizontal table by a light cord that extends horizontally
from the block over a pulley attached to the end of the wable, and then down to a hanging 10-
Kg block. The coefficient of static friction between the 20-Kg block and the table surface is
0.80, and the coefficient of kinetic friction is (.40. Determine the speed of the blocks after
moving 2 meters, They start at rest.

: | Iy i ions s I - thi

5. You have taken a summer job at a warehouse and have designed a method to help get heavy
packages up a 15° ramp. A package is attached to a thin cable that runs parallel to the ramp
and over a pulley at the top of the ramp. After passing over the pulley, the other end of the
cable is attached to a counterweight that hangs straight down. In your design, the mass of the
counterweight is always adjusted to be twice the mass of the package, so the packages will
accelerate up the ramp. Y our boss is worried that the thin cable will break, so she asks you
to calculate the tension in the cable for the maximum mass of a package, 50 kg. You run
some tests and determine that the coefficient of kinetic friction for a package on the ramp is
(.51, and the coefficient of static friction is 0.85.

Remember to use only the equations shown at the top of this page.
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TA Orientation Homework #6

Initial Evaluation of Example Student Laboratory Reports

Before you start this homework, read the article by S. Allie, A. Buffler, L. Kunda, and M. Inglis,
Writing Intensive Physics Laboratory Reports: Tasks and Assessment (Selected Readings). In
this homework you will you will go through 2 examples of student laboratory reports and
evaluate their quality.

Homework Tasks:

1. Come up with words and characteristics that describe what you consider to be “good” and
“bad” writing.

2. Using the descriptions that you came up with in step 1, evaluate the following 2 example
student laboratory reports.

3. Mark down any and all comments on the example student laboratory reports, and indicate
whether it is “good” or “bad” based on your description.

Note: This homework is to elicit your initial ideas on how to evaluate student laboratory reports.
In class we will discuss, model, and coach grading lab reports.
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TA Orientation 2005 Homework #6 (Continued)

Page 182



TA Orientation 2005 Homework #6 (Continued)

Defining “Good” & “Bad” Writing

What words or characteristics come to mind when trying to define “good” writing?

What words or characteristics come to mind when trying to define “bad” writing?
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TA Orientation 2005 Homework #6 (Continued)

Example #1

. Lab Report 2 - Lab 3, Problem 1

Statement of the problem:

I am a volunteer in the city’s children’s summer program.
One suggested activity is for the children to build and race
model cars along a level surface. To ensure that each car
has a fair start, my co-worker recommends a special
launcher be built. The launcher uses a string attached to the
car at one end and, after passing over a pulley, the other
end of the string is tied to a block hanging straight down.
The car starts from rest and the block is allowed to fall,
launching the car along the track. After the block hits the
ground, the string no longer exerts a force on the car and
the car continues moving along the track. I want to know |
how the launch speed of the car depends on the parameters
of the system that you can adjust. I decide to calculate how
the launch velocity of the car depends on the mass of the
car, the mass of the block, and the distance the block falls.
My ultimate goal was to find the answer to the question -
“"What is the velocity of the car after being pulled for a

known distance?”

Prediction:
I predicted that, using the equation  V=\|(2M,gh)/(Ms+M,)
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TA Orientation 2005 Homework #6 (Continued)

and with the data collected during setup, that the velocity at
the time the block hit the floor would be 60.5cm/s.
(Prediction graphs are attached.)

Procedure:

First, we gathered supplies. We used a cart, a flat track with
a pulley attached, a mass hanger with a mass set to
simulate the wooden block, string, and a video camera
attached to a computer with video analysis software. We
massed the cart and the block, and began to set up the
experiment. We placed the cart on the track, and ran the
string through the pulley. We hooked our mass onto the end
of the string, and held it to a height that we measured and
marked. We began recording video and let the mass go. We
made 3 runs like this to obtain the best video. When we
were satisfied we analyzed the video and came up with a
good measurement of the cart’s velocity. We printed our
graphs and made conclusions based on our data.

Data and Results:
Mass of Cart (Mc): 753.8g
Mass of Block (Ma): 50g
Height (H): 30cm +X
Coordinate Axis:
+Y
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TA Orientation 2005 Homework #6 (Continued)

(Graphs of data analysis are attached)

Discussion:

The results from the lab were pretty close to the prediction
made by plugging the masses of the cart and block and the
height of the drop into the equation I wrote in my lab
journal.

In the lab, there were a few sources of obvious error. The
first major source was the method of getting data. The
computer software is a bit inaccurate in measuring the
velocity with the method of selecting points in the video
frames. The camera we used has a curved lens, which
distorts the video. This all leads to data that is off from the
expected return. Another possible source of error is the
equipment. The set-up we used was not entirely perfect in
the fact that we were not taking friction into account, yet
there was most likely friction in the cart’s wheels. This would
matter most during the time after the block has hit the
ground, which is the situation we are modeling.

We could have made a few improvements. The main
improvement would be to more accurately analyze the data
within the computer software to compensate for any
distortion in the video. We also could have made sure the
cart was properly lubricated before performing the

experiment.
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TA Orientation 2005 Homework #6 (Continued)

Conclusions:

In our lab, we discovered the velocity of the car after being
pulled a known distance was around 55cm/s. This was close
to our initial prediction, so we were satisfied with our
results.

The launch velocity of the car does depend on its mass, as
well as the mass of the block and the distance the block
falls. This is due to the fact that they all affect the forces
acting on the car. There are some instances where the mass
would not really affect the launch velocity. If the distance
dropped were very close to zero, the launch velocity would
be near zero no matter what the mass of the block was.

If the same block falls the same distance, the force exerted
by the block on the cart would not change, no matter the
mass of the cart. The force of the block on the cart is always

equal to the block’s weight.
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TA Orientation 2005 Homework #6 (Continued)

Graph Title 2

iLab 3 Problem 1

X Position (&)

X - Prediction Equation Y - Prediction Equation
u(t) = 0.000 + 60.500t | u(t) = 0.000 + 0.000t —
X - Fit Equation Y - Fit Equation
u(t) = -1.000 + 55.000t | u(t) = 0.000 + 0.000 o
) :mp_h i 6ragh dF
zema KNGy e Bonamera: o vm rrgsan o Udpe iy - Vs Tore
70.07 1 I e A \ | ) i
5 al 4 _
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Vx - Prediction Equation Vy - Prediction Equation
uw=sserooo MY =0000+0000c N
vx - Fit Equation Vy - Fit Equation
wn=stomro00n L u=0000+ 000t ]
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TA Orientation 2005 Homework #6 (Continued)

Example #2

uist
002
Lab IIT Problem 1: Force and Motion

1. Statement of the Problem -- According to the lab manual, my group members and I
were asked to test the velocity of a toy car launched down a track. The car is attached to
a string at the end of the track, which goes over a pulley and is then attached to a block.
When the block is released, the string pulls the car down the track. After the block hits
the ground, the car is no longer pulled but keeps going. We were asked to find how the
cars speed after the block hits the ground depends on the mass of the car, the mass of the
block, and the distance the block falls before hitting the ground. The question we
answered in this lab is:

What is the velocity of the car after being pulled a known distance?

We used a toy car with a string attached to it, a block, a pulley, and a track to conduct our
experiment. We recorded the motion of the car and the block using a video analysis
application written in LabVIEW™, then analyzed the video to find the position, velocity
and acceleration of the car while it was being pulled by the falling block and after the
black reached the ground.

The block (called object A) has a significantly shorter distance to fall than the car
has to travel along its track. In this experiment, we ignored the friction between the car
and the track and between the pulley and the string. We also ignored the mass of the
string.

Experimental Setup
AN ek Py plock

3 | H""‘-—-._
| D) J 1)

[ I

2. Prediction --
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TA Orientation 2005 Homework #6 (Continued)

The first question asked me to calculate the cart’s velocity ~[Variables
. . X position
after the block had hit the ground. I predicted that v, = X0 initial position
VIxg[m,/{m, +m,)] . Isolved the first kinematics v velocity
_ vo initial velocity
equation, Xe = Xoc + Vet + 1/2at* for t, assuming that x, a acceleration
_ . s t time
=0, vo =0 and a =ay, and that the magnitude of the car’s m mass of object A
displacement was the same as the magnitude of the ? ?355 of car
) orce
block’s, (since the string did not stretch), yielding t = 2x/a. g gravity
. _ _ . . N Normal Force
Since v= at, v = a\(2x/a) and v* =2ax. Solving for a gives T tension force
a=v/x
Free Body Diagrams
Object A car a
T - F A >
N
I T
—>
1 I +x
hed
a
l g f Fg

Since the objects are attached to the same string, the tension forces acting upon
them are equal to each other. The sum of the forces acting on Object A in the x direction
is ZFx= Fg-T. The sum of the forces acting on the car in the x direction is LF=T.
Since F= ma, Mxa=M,g-T and M.a=T. Using a = v*/2x, Ms(v/2x)=Mg-T, and
M(v'/2x)=T. Combining these equations gives M(V¥/2x)=M,g - M(v*/2x), and
solving for v gives v, = m .

The next three prediction problems asked us to draw a graph of the car’s velocity
vs. time as a function of the mass of object A, mass of the car, and distance object A falls,

respectively. The other two variables are kept constant in each graph.

Velocity of cer vs. Velocity of car vs. Velocity of car vs.
mass of object A mass of car distance object A falls

N
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TA Orientation 2005 Homework #6 (Continued)

The velocity would increase as the mass of object A or the distance object A falls
increased, and would decrease as the mass of the car increased. The velocity would
increase at a greater rate with the increase in distance than it would with the increase in
mass of object A. Another way this couid be said is that the graph of velocity vs.
distance would have a greater slope than the graph of velocity vs. mass of object A.

3. Procedure — We set up the experiment according to the experimental setup picture
above. The mass of the car we used was 252 g, and the mass of object A was 50 g. The
distance form object A to the ground was 0.41m and the total distance the car was able to
travel was Im. There was 0.59m for the car to travel after object A hit the ground.

We placed the camera about 1.5m away from the table holding the track so that the entire
length of the track could be seen as well as object A. We recorded the car’s motion and
then analyze it in LabVIEW™, We divided the motion of the car into two parts -- motion
before object A hit the ground and motion after object A hit the ground -- and analyzed
each part separately. We predicted the equations for the position vs. time graphs, plotted
data points of both the horizontal and vertical motion of the graphs, and then found the
best-fit equations for them. We did the same for the car’s velocities.

4. Data and Results - SEE ATTACHED GRAPHS

We predicted that there would be no motion, and hence no velocity, in the y direction for
any of the graphs, and our prediction was correct.

Before object A hit the ground --When we predicted the equation for the x
position vs. time of the car before object A hit the ground, we didn’t really know what we
were doing. We should have used the equation x = xo + vot + 1/2at’ to make our
prediction. The values for xo and vt would both have been equal to zero and we could
have predicted the acceleration using a = v¥/2x: (VZxg[my/(m, +my)])¥/2x = [my/(me
+m,)]g =a. This would have given us an acceleration of 1.49 m/s*s, and a predicted
equation of x =0 +0(t) + 0.75m/s*s(t?). The value of 0.897 m/s*s in the best-fit equation
is reasonably close to this. Since the slope of a velocity vs. time graph is equal to the
acceleration and since 0.897 m/s*s was equal to %2 a, we predicted that the slope of the
acceleration vs. time graph would be equal to 1.80 m/s*s, and our prediction fit the actual
value of 1.70 m/s*s well.

After object A hit the ground—We predicted that the car would have zero
acceleration during this portion of its motion and that its velocity would be equal to its

final velocity, just as object A hit the ground. Again, we used the equation x = xp + vot +
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TA Orientation 2005 Homework #6 (Continued)

1/2at* to describe the predicted motion, with xo and a both equal to zero. We predicted
the velocity to be v= V2xg[my/(m. +m,)], or 1.167m/s. This prediction was very close to
the actual value. We predicted that for the velocity vs. time graph, the velocity would stay
constant at 0. 167m/s, and our prediction was very close to the actual best-fit line
equation.

5. Discussion—
Results- The acceleration of the car in the experiment is dependant on the block

falling. Before the block hits the ground, the car accelerates because of the falling block.
The acceleration of the block and the car is the same because the same tension force acts
them upon. Their accelerations are equal to {m,/(m. +m,)]g, where m, is the mass of
object a (the block), m. is the mass of the car, and g is the acceleration due to gravity,
9.8m/s*s. The velocity of the car and of object a at the time when object a hits the
ground is equal to Y2xg[my/(m, +m,)].

After the block hit the ground there would no longer be any tension in the string
and the sum of the forces on the car would be equal, (since T=0 and F, =Fy). Because
F=ma, the car would have no acceleration. Its velocity would continue to be equal to
2xg[my/(me +m,)]

Error- Error resulted from our collection of data points again. It is difficult to
click on exactly the same point of the car each time and to click on the same y value
along the track each time as well. This results in distortion of the position measurements
and velocities calculated. There is not much that can be done about this, except that we
should try to be very precise in future collection of data points. Also, the camera could
have caused a slight distortion of the collected data values. In this experiment, we
neglected the friction between the car and the track and between the pulley and the string.
This made the calculations a lot easier, but it caused our predicted value for the
acceleration of the car and the block to be different than the actual value.

Improvements- It would be optimal to do many trials of this experiment, using
different values for m., m, and x, to check that the equations really fit, but time is an
issue. With more precise data collection, we could have eliminated some of the
movement and velocity seen along the y-axis.

6. Conclusions-- Using physics principles and equations, we predicted that the velocity
of car pulled a known distance by a falling object would be equal to Y2xg[m/(m. +ms)],
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where x is equal to the distance the object falls, g is equal to gravity (9.8m/s*s), m, is the
mass of the object falling and m. is equal to the mass of the car being pulled. Since the
tension forces on each object are the same, they have the same acceleration and this can
be predicted using Newton's second la\# and kinematics equations. The results of our
experiment confirmed this.

In each case but one, the predicted values for the components of the equations of
the graphs were the same or close to the actual ones. When we predicted the value for
acceleration of the car before the block hit the ground, we didn’t figure any friction into
the calculations. We based all of our future predictions off of the actual values we got
for this graph’s equation and they all matched the actual values well.

The launch velocity of the car does depend on the mass of the car, the mass of the
block and the distance the block falls, according to v = ¥2xg[my/(m. +m,)]. For values of
m, that are much larger than m., m; does not affect v very much, since [m./(m. +m,)]
becomes very close to 1.

The tension force upon the car and the block is dependent on the masses of both
objects. Changing the mass of either one will change the tension force exerted on both.
The tension force on the block is equal to its weight if the block has no net acceleration,
in other words, when T=F,. This would happen if the mass of the block was zero, and
since it could never have zero mass, it would never happen in a frictionless system. It
may come close to zero though, and would reach zero in a system with friction. We;
could test this experimentally by using a car with a very large mass and using blocks of
decreasing masses. The acceleration of the car should go toward zero as the mass of the

blocks decrease.
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TA Orientation 2005 Homework #6 (Continued)

Graph Title
f ILaanrchem 1: Before [A] hit the ground J
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X - Prediction Equation Y - Prediction Equation
Ju(t) = 0.000 + 0.600t | {ju(t) = 0,000 +0.000t R |
X - Fit Equation Y - Fit Equation
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Vx - Prediction Equation Vy - Prediction Equation

oY) = 0000 + 1800t ] ;-_u(t) =0000+0.000t o
Vx - Fit Equatien Vy - Fit Equation

ot =0000+ 1700t o) = 0000+ 0.0006 N
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