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COURSE(GOALS(

!
After!su

ccessf
ul!completion!of!this!course,!yo

u!will!be!able!to…!(within!the!context!of!introductory!physics)!

!
● Use!independent!study!and!resea

rch!to!tackle
!a!problem!

● Apply!the!scien
tific!m

ethod!to!advance!your!knowledge!and!to!design!viable!methods!of!investiga
tion!

● Use!a!v
ariety!

of! techniques! to!get!a
!handle!on!problems:! represent! the!problem!visually!or!grap

hically,!

perform!order!of!magnitude!estim
ates,!u

se!dimensional! analysis!
and!proportional! reas

oning,! reco
gnize!

symmetries,
!evaluate!lim

its,!an
d/or!relat

e!the!problem!to!cases!
with!known!solutions!

● Set!up,!solve,!an
d!interpret!rel

evant!equations!!

● Know!how!to!evaluate!the!correctn
ess!of!a!solution!

● Explain!assumptions!made!in!a!model!and!know!how!to!justify!a
ny!approximations!made!

● Analyze!a
!system

,!explain!why!it!works,!an
d!how!to!optimize!performance!

● Use!information!to!build!a!case
!for!a!specific!d

esign!or!measurement!!

● Describe!how!a!measurement!is!performed!and!the!limitations!of!the!measuring!instruments!

● Use!software!to!control!simple!exp
eriments!and!accumulate!data!!

● Analyze!d
ata,!id

entify!so
urces!of!uncertain

ty,!and!minimize!measurement!error!

● Reflect!
on!the!resu

lt!of!a!measurement!in!order!to!develop!refinements!to!it!

● Synthesize!t
he!data!into!coherent!reports!and!presentations!

!
In!addition!to!these!co

urse!go
als,!th

ere!ar
e!contentBspecific!l

earning!goals!for!each
!project.!T

hese!co
ntentBspecific!

learning!goals!will!be! specified
!on! the! introductory!handout! for!each

!project.!T
he!course!an

d! learning!goals!will!

form!the!basis!fo
r!asses

sment!in!this!course.(

!
AP50!is!a

lso!designed!to!contribute!to!the!development!of!the!following!competencies:!

!
● Qualitative( Analysis:! Th

e! ability! to
! analyze!

and! solve! problems! in! scien
ce! and! engineering! and! other!

disciplines! qualitativ
ely,! in

cluding! estim
ation,! analysis!

with! uncertain
ty,! an

d! qualitativ
e! prediction! and!

visual!thinking.!!

● Quantitative(Analysis:!Th
e!ability!to

!analyze!a
nd!to!solve!problems!in!science!and!engineering!and!other!

disciplines! quantitative
ly,! including! use! of! appropriate! t

ools,! quantitative
!modeling,! numerical!

problem!

solving,!and!experimentation.!!

● Diagnosis:( The! ability! to! identify! and! resolve! problems! within! complex! system
s! through! problem!

identificati
on,!formation!and!testin

g!of!a!hypothesis,!a
nd!recommending!solutions.!

● Design:! The! ability! to
! develop! creat

ive,! e
ffectiv

e! designs! that! solve! re
al! problems! though! concept!

creatio
n,!problem!formulation,!applicatio

n!of!other!competencies,!b
alancing!tradeoffs,!an

d!craft
smanship!

and!which!integrat
e!knowledge,!beliefs!a

nd!modes!of!inquiry!fro
m!multiple!and!diverse

!fields!of!study.!!

● Teamwork:! Th
e!ability! to

! contribute!effe
ctively

! in! a! var
iety!of! roles!on! team

s,! including! diverse!
teams,!

while! respecting! everyo
ne’s! contributions.! You! will! develop! collaborative!

skills!
that! may! include!

questioning,!liste
ning,!and!identifying!multiple!approaches!and!points!of!view

.!

● Communication:! The! ability! to
! convey! in

formation! and! ideas! ef
fective

ly,! using!written,! oral,! an
d! visual!

and!graphical!co
mmunication.!!

● Lifelong( Learning:! The!ability! to
! identify! an

d!address! y
our!own!educational!needs! in! a! changing!world,!

including! awareness! of! personal! attr
ibutes,! fl

uency! in! use! of! information! sources,! p
lanning,! and! selfB

directed
!learning.!The!ability!to

!“think!critic
ally,”!b

oth!positively
!and!negativ

ely,!ab
out!any!situation!or!the!

solutions!to!any!problem.!

(

(
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COURSE(GOALS(

!
After!successful!completion!of!this!course,!you!will!be!able!to…!(within!the!context!of!introductory!physics)

!

!
1.!Engage!in(self8d

irected(learning!by:!

• identifying!and!addressing!your!own!educational!needs!in!a!changing!world,!including!awareness!of!

personal!attributes,!fluency!in!use!of!information!sources,!planning,!and!problem!solving!!

• using!independent!study!and!research!to!tackle!problems,!especially!illA
defined!or!openAended!ones.!

• using!a!variety!of!techniques!to!get!a!handle!on!problems:!represent!the!problem!visually!or!graphically,!

perform!order!of!magnitude!estimates,!use!dimensional!analysis!a
nd!proportional!reasoning,!recognize!

symmetries,!evaluate!limits,!and/or!relate!the!problem!to!cases!with!known!solutions!

• explaining!and!justify!a
ny!assumptions!made!!

• “thinking!critic
ally,”!b

oth!positive
ly!and!negatively,!about!any!situ

ation!or!the!solutions!to!any!problem.!

• evaluating!the!correctness!of!a!solution!

!
2.!Demonstrate!content(mastery(by:!

• meeting!the!content!learning!goals!specified!in!the!project!briefs!

• applying!your!knowledge!of!physics!
to!solve!problems!

• taking!data,!analyzing,!and!interpreting!them!

!

3.!Engage!in!productive!team(work!by:!

• contributing!effectively!in!a!variety!of!roles!on!diverse!teams.!

• conveying!information!and!ideas!effectively,!using!written,!oral,!and!visual!and!graphical!communication.!

!
4.!Exhibit!professionalism!in!your!conduct!by!

• acting!in!a!manner!that!is!re
spectful!to!your!teammates!and!the!teaching!staff!!

• being!punctual!and!participating!fully!in!all!classroom!activiti
es!!

• taking!decisions!and!executing!actions!that!are!fair!and!honest,!and!that!are!consistent!with!accepted!

standards!of!conduct.!

!
The!activiti

es!in!AP50!are!designed!to!contribute!to!the!development!of!the!following!general!competencies:!

● Qualitative( Analysis:! The! ability! t
o! analyze! and! solve! problems! in! science! and! engineering! and! other!

disciplines! qualitatively,! including! estimation,! analysis! w
ith! uncertainty,! and! qualitative! prediction! and!

visual!thinking.!!

● Quantita
tive(Analysis:!The!ability!to

!analyze!and!to!solve!problems!in!science!and!engineering!and!other!

disciplines! quantitatively,! including! use! of! appropriate! tools,! quantitative!modeling,! numerical! problem!

solving,!and!experimentation.!!

● Diagnosis:( The! ability! to! identify! and! resolve! problems! within! complex! systems! through! problem!

identification,!formation!and!testing!of!a!hypothesis,!and!recommending!solutions.!

● Design:! The! ability! to! develop! creative,! effective! designs! that! solve! real! problems! though! concept!

creation,!problem!formulation,!application!of!other!competencies,!balancing!tradeoffs,!and!craftsmanship!

and!which!integrate!knowledge,!beliefs!and!modes!of!inquiry!fro
m!multiple!and!diverse!fields!of!study.!!

● Teamwork:! The!ability! t
o! contribute!effectively! in! a! variety!of! roles!on! teams,! including! diverse! teams,!

while! respecting! everyone’s! contributions.! You! will! develop! collaborative! skills!
that! may! include!

questioning,!liste
ning,!and!identifying!multiple!approaches!and!points!of!view.!

● Communication:! The! ability! t
o! convey! information! and! ideas! effectively,! using!written,! oral,! and! visual!

and!graphical!communication.!!

1  design
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m!multiple!and!diverse!fields!of!study.!!
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o! contribute!effectively! in! a! variety!of! roles!on! teams,! including! diverse! teams,!

while! respecting! everyone’s! contributions.! You! will! develop! collaborative! skills!
that! may! include!

questioning,!liste
ning,!and!identifying!multiple!approaches!and!points!of!view.!
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Learni
ng&Obj

ective
s&

!
After!c

omple
ting!th

is!proj
ect!an

d!the!a
ssocia

ted!re
ading,

!class!a
ctivitie

s,!prob
lem!se

ts,!and
!readin

ess!

assura
nce!ac

tivities
,!you!w

ill!be!a
ble!to:

!

!
• Design

!and!co
nduct!

origina
l!proje

ct!wor
k!

• Comm
unicat

e!idea
s!and!r

esults!
persua

sively!
and!ef

fective
ly!

• Develo
p!mult

iple!m
ethods

!of!app
roachi

ng!a!d
esign!p

roblem
!

• Analyz
e!sour

ces!an
d!mag

nitude
s!of!er

ror!

• Evalua
te!the!

validit
y!of!yo

ur!team
’s!resu

lts!

!
I:&Elect

ric&Inte
raction

s&

!
• Condu

ct!fund
ament

al!expe
riment

s!in!ele
ctrosta

tics!an
d!expl

ain!the
!result

ing!exi
stence

!of!the
!

electro
static!

intera
ction!a

nd!the
!two!ty

pes!of
!charg

e.!

• Explain
!quant

ization
!and!co

nserva
tion!of

!charg
e.!

• Descri
be!the

!obser
vation

s!supp
orting

!the!qu
antiza

tion!an
d!cons

ervatio
n!of!el

ectric!
charge

.!

• Define
!and!g

ive!exa
mples

!of!ins
ulator

s!and!c
onduc

tors.!

• Descri
be!how

!the!ch
arge!c

arriers
!behav

e!in!in
sulato

rs!and
!condu

ctors.!

• Explain
!polari

zation
!and!h

ow!it!g
ives!ris

e!to!an
!electr

ic!forc
e!on!a

!neutr
al!obje

ct.!

• Descri
be!wh

at!hap
pens!o

n!the!a
tomic!

level!w
hen!a!

condu
ctor!(in

sulato
r)!is!po

larized
.!

• Descri
be!and

!explai
n!the!p

rocess
!of!cha

rging!b
y!indu

ction.!

• Use!Co
ulomb

's!law!
to!calc

ulate!o
r!estim

ate!the
!electr

ic!forc
e!that!

a!given
!charg

ed!par
ticle,!o

r!charg
e!

distrib
ution,!

exerts
!on!a!c

harged
!partic

le.!

• Explain
!the!co

ndition
s!in!wh

ich!Co
ulomb

's!law!
is!valid

.!

• Explain
!what!

a!field
!is!and

!give!e
xampl

es!of!s
calar!a

nd!vec
tor!fie

lds.!

• Draw!v
ector!f

ield!di
agram

s!for!a
!simple

!distrib
ution!o

f!charg
ed!par

ticles.!

• Descri
be!a!ve

ctor!fie
ld!by!m

eans!o
f!vecto

r!diagr
ams!an

d!vect
or!fun

ction!e
xpress

ions.!

• Define
!and!e

xplain
!the!el

ectric!
field.!

• Explain
!the!di

fferen
ce!bet

ween!
the!ele

ctric!fi
eld!co

ncept!
and!th

e!insta
ntaneo

us!“ac
tionQa

tQaQdis
tance”

!

formu
lation.

!

• Explain
!the!su

perpo
sition!

princip
le!and

!apply
!it!to!d

eterm
ine!the

!electr
ic!field

!create
d!by!a

!given!

charge
!distrib

ution.!

• Compu
te!the

!force!
exerte

d!on!a
!charg

ed!or!u
ncharg

ed!obj
ect!in!

an!ele
ctric!fi

eld!an
d!desc

ribe!th
e!

resulti
ng!mo

tion!of
!the!ob

ject.!

• Calcul
ate!the

!electr
ic!field

!produ
ced!by

!a!give
n!char

ge!dist
ributio

n.!

• Descri
be!the

!differ
ence!b

etwee
n!perm

anent!
and!in

duced
!dipole

s!and!t
heir!m

otion!i
n!an!e

lectric
!field.!

!

• Compu
te!the

!electr
ic!dipo

le!mom
ent!fo

r!a!cha
rge!co

nfigura
tion.!!

• Descri
be!the

!force!
and!to

rque!e
xerted

!on!a!d
ipole!b

y!an!el
ectric!

field!

&
II:&Gau

ss’&Law
&

&
• Draw!e

lectric
QfieldQl

ine!dia
grams

!for!a!g
iven!ch

arge!d
istribu

tion.!

• Obtain
!inform

ation!a
bout!t

he!ele
ctric!fi

eld!an
d!char

ge!dist
ributio

n!from
!the!fie

ld!line
s.!

• Define
!and!e

xplain
!the!co

ncept!
of!field

!line!d
ensity

!and!re
late!it!

to!the
!magn

itude!o
f!the!f

ield.!

• Quant
ify!the

!field!l
ine!flu

x!throu
gh!a!gi

ven!su
rface!t

o!the!c
harge!

distrib
ution,!

or!the
!field!l

ine!dia
gram.!

• Relate
!the!fie

ld!line
!flux!th

rough!
a!close

d!surfa
ce!wit

h!the!c
harge!

within
!that!s

urface
.!

• Obtain
!inform

ation!a
bout!t

he!dire
ction!a

nd!ma
gnitud

e!of!an
!electr

ic!field
!from!

the!sy
mmet

ry!of!t
he!

charge
!distrib

ution!c
reating

!the!fie
ld.!

1  design
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no lectures

no exams
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Three major components:

• information transfer (out of class)

• projects

• in-class activities
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how to effectively transfer information outside classroom?
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but…
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• transfer pace set by video

• viewer passive

• viewing/attention tanks as time passes

• isolated/individual experience
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we’re simply moving this outside classroom!
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Pr inc iPles  &  Practice  ofPhysics

e r i c  M a z u r
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Physics
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• transfer pace set by reader

• viewer active
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but…
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isolated/individual experience & 

no real accountability
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want:

every student prepared for every class
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want:

every student prepared for every class

(without additional instructor effort)
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turn out-of-class component

also into a social interaction!

Solution
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Perusall
every student prepared for every class
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social learning platform
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log in through social network
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see who is online
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highlighting text…
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…opens chat window
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email notifications
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how to get students to participate?
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use combination of 

intrinsic and extrinsic motivation drivers 
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rubric-based assessment

• quality (thoughtful reading & interpretation)
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rubric-based assessment

• quality (thoughtful reading & interpretation)

• quantity (minimum 10)
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rubric-based assessment

• quality (thoughtful reading & interpretation)

• quantity (minimum 10)

• timeliness (before class)
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rubric-based assessment

• quality (thoughtful reading & interpretation)

• quantity (minimum 10)

• timeliness (before class)

• distribution (not clustered)
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rubric-based assessment

• quality (thoughtful reading & interpretation)

0
Alan: I remember, in high school, being amazed at how quickly 
carts could travel on these tracks - air would blow up through 
these tiny holes evenly distributed along the length of the track 
and the cart would essentially float on the air and consequently - 
the cart would move very quickly with the slightest push.

Bob: Although there is no way to create frictionless surfaces, I 
find it interesting that we consider experiments "in the absence of 
friction." In a way, this relates back to Chapter 1.5 where we talked 
about the importance of having too little or too much information in 
our representations. In some cases, the friction is so insignificant 
that we ignore it (simplifying our representation).

Claire: Does this only apply to solid surfaces? I feel as if a sub-
stance that floats on water either has negligible or very little friction.

Alan: Why is this? I don't get it.

David: believe this applies to almost every surface, although I'm 
not sure if water would count more as resistance than friction. 
Anyways, the best example I could think of would be a surf board. 
If people who were paddling in the same direction as the waves 
experienced no resistance, they would continually speed up, and 
eventually reach very high speeds. However, in reality if they were 
two stop paddling they'd slow down and only the waves would 
slowly push them to shore.

Alan: Is it possible to have a surface, in real life, that inflicts NO 
friction at all?

Erica: Doesn't air resistance factor into this at all? It seems that 
it is not enough for there to be only an absense of friction for 
something to keep moving without slowing down. What about 
some other opposing force - like air resistance? Or is air resis-
tance just another example of friction? 

Bob: The key word is "appreciably". In the absense of friction, 
the cart does not slow down appreciably but still would a little due 
to air resistance

Alan: a) yes b) concrete has the acceleration of greatest magnitude

Erica: I would think that they are not constant because if we 
think of the formula F=ma, the force of friction is different in every 
case so that would change the acceleration value (where mass 
would stay the same since it's assumed that th object is the same 
in each situation). 

Claire: As a theoretical question about inertia, if an object in 
motion will stay in motion, but is being affected by friction, will it 
slow down perpetually but remain in motion, or will it eventually 
stop completely due to the friction? Just curious.

Alan: With friction everything slows down to a half at one point 
or another. It is only if an outside force acts on the object if that 
object will maintain motion after the effects of inertia.

Claire: Standard carts: identical carts in mass, shape, etc. I like 
this notion of standard carts, it provides a good baseline to compare 
other motion and to understand the concepts before building on it.

Alan: Great visual representation of friction! It is interesting how 
this compares the velocity of things on different surfaces

Bob: The rougher the surface, the more friction between the sur-
face and the wooden block, and thus acceleration will be greater.

No substance. Does not demonstrate any 
thoughtful interpretation of the text.

 

Annotation interprets the text and demonstrates 
understanding of concepts through analogy and 
synthesis of multiple concepts.

Possibly insightful question but does not elabo-
rate on thought process, nor demonstrate 
thoughtful reading of the text.

Question does not explicitly identify point 
of confusion nor demonstrates thoughtful read-
ing or interpretation of the text. 

Response demonstrates a thoughtful explana-
tion with a claim substantiated with a concrete 
example

Question exhibits superficial reading, but  does 
not exhibit any interpretation of the textbook.

Demonstrates thoughtful interpretation of the 
text by refuting a statement through a counter 
example.
 

Responds to the question by thoughtfully inter-
preting the text

Annotation not backed up by any reasoning or 
theoretical assumptions. No evidence of 
thoughtful reading of text. 

Response backed up with reasoning that 
demonstrates an interpretation of the text and 
applies understanding of concepts

Profound question that goes beyond the materi-
al covered in the textbook. 

Demonstrates some thought but does not really 
address Claire’s question

No substance. Does not demonstrate any 
thoughtful reading. 

No substance. Does not demonstrate any 
thoughtful reading. 
Interprets the graph and applies understanding 
of both the concept of friction, how a v-t graph 
correponds to acceleration and the relationship 
between the force of friction and acceleration
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76  MOMENTUM

In the preceding two chapters, we developed a math-
ematical framework for describing motion along a 
straight line. In this chapter, we continue our study of 

motion by investigating inertia, a property of objects that 
affects their motion. The experiments we carry out in 
studying inertia lead us to discover one of the most funda-
mental laws in physics—conservation of momentum.

4.1 Friction

Picture a block of wood sitting motionless on a smooth 
wooden surface. If you give the block a shove, it slides some 
distance but eventually comes to rest. Depending on the 
smoothness of the block and the smoothness of the wooden 
surface, this stopping may happen sooner or it may hap-
pen later. If the two surfaces in contact are very smooth and 
slippery, the block slides for a longer time interval than if 
the surfaces are rough or sticky. This you know from every-
day experience: A hockey puck slides easily on ice but not 
on a rough road.

Figure 4.1 shows how the velocity of a wooden block 
decreases on three different surfaces. The slowing down is 
due to friction—the resistance to motion that one surface or 
object encounters when moving over another. Notice that, 
during the interval covered by the velocity-versus-time 
graph, the velocity decrease as the block slides over ice is 
hardly observable. The block slides easily over ice because 
there is very little friction between the two surfaces. The 
 effect of friction is to bring two objects to rest with  respect 
to each other—in this case the wooden block and the sur-
face it is sliding on. The less friction there is, the longer it 
takes for the block to come to rest.

You may wonder whether it is possible to make surfaces 
that have no friction at all, such that an object, once given 
a shove, continues to glide forever. There is no totally fric-
tionless surface over which objects slide forever, but there 
are ways to minimize friction. You can, for instance, float an 
object on a cushion of air. This is most easily accomplished 
with a low-friction track—a track whose surface is dotted 
with little holes through which pressurized air blows. The 
air serves as a cushion on which a conveniently shaped ob-
ject can float, with friction between the object and the track 
all but eliminated. Alternatively, one can use wheeled carts 
with low-friction bearings on an ordinary track. Figure 4.2  
shows low-friction carts you may have encountered in your 
lab or class. Although there is still some friction both for 
low-friction tracks and for the track shown in Figure 4.2, 
this friction is so small that it can be ignored during an 
 experiment. For example, if the track in Figure 4.2 is hori-
zontal, carts move along its length without slowing down 
appreciably. In other words:

In the absence of friction, objects moving along a 
horizontal track keep moving without slowing down.

Another advantage of using such carts is that the track 
constrains the motion to being along a straight line. We can 
then use a high-speed camera to record the cart’s position 
at various instants, and from that information determine its 
speed and acceleration.

4.1 (a) Are the accelerations of the motions shown in 
 Figure 4.1 constant? (b) For which surface is the acceleration 
largest in magnitude?

4.2 Inertia

We can discover one of the most fundamental principles of 
physics by studying how the velocities of two low-friction 
carts change when the carts collide. Let’s first see what hap-
pens with two identical carts. We call these standard carts 
because we’ll use them as a standard against which to com-
pare the motion of other carts. First we put one standard 
cart on the low-friction track and make sure it doesn’t 
move. Next we place the second cart on the track some dis-
tance from the first one and give the second cart a shove to-
ward the first. The two carts collide, and the collision alters 
the velocities of both.

Figure 4.1 Velocity-versus-time graph for a wooden block sliding on 
three different surfaces. The rougher the surface, the more quickly the 
 velocity decreases.
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Figure 4.2 Low-friction track and carts used in the experiments described 
in this chapter.

→

→ →

→ →

→

1  design                            2   approach



rubric-based assessment

• quality (thoughtful reading & interpretation)

0
Alan: I remember, in high school, being amazed at how quickly 
carts could travel on these tracks - air would blow up through 
these tiny holes evenly distributed along the length of the track 
and the cart would essentially float on the air and consequently - 
the cart would move very quickly with the slightest push.

Bob: Although there is no way to create frictionless surfaces, I 
find it interesting that we consider experiments "in the absence of 
friction." In a way, this relates back to Chapter 1.5 where we talked 
about the importance of having too little or too much information in 
our representations. In some cases, the friction is so insignificant 
that we ignore it (simplifying our representation).

Claire: Does this only apply to solid surfaces? I feel as if a sub-
stance that floats on water either has negligible or very little friction.

Alan: Why is this? I don't get it.

David: believe this applies to almost every surface, although I'm 
not sure if water would count more as resistance than friction. 
Anyways, the best example I could think of would be a surf board. 
If people who were paddling in the same direction as the waves 
experienced no resistance, they would continually speed up, and 
eventually reach very high speeds. However, in reality if they were 
two stop paddling they'd slow down and only the waves would 
slowly push them to shore.

Alan: Is it possible to have a surface, in real life, that inflicts NO 
friction at all?

Erica: Doesn't air resistance factor into this at all? It seems that 
it is not enough for there to be only an absense of friction for 
something to keep moving without slowing down. What about 
some other opposing force - like air resistance? Or is air resis-
tance just another example of friction? 

Bob: The key word is "appreciably". In the absense of friction, 
the cart does not slow down appreciably but still would a little due 
to air resistance

Alan: a) yes b) concrete has the acceleration of greatest magnitude

Erica: I would think that they are not constant because if we 
think of the formula F=ma, the force of friction is different in every 
case so that would change the acceleration value (where mass 
would stay the same since it's assumed that th object is the same 
in each situation). 

Claire: As a theoretical question about inertia, if an object in 
motion will stay in motion, but is being affected by friction, will it 
slow down perpetually but remain in motion, or will it eventually 
stop completely due to the friction? Just curious.

Alan: With friction everything slows down to a half at one point 
or another. It is only if an outside force acts on the object if that 
object will maintain motion after the effects of inertia.

Claire: Standard carts: identical carts in mass, shape, etc. I like 
this notion of standard carts, it provides a good baseline to compare 
other motion and to understand the concepts before building on it.

Alan: Great visual representation of friction! It is interesting how 
this compares the velocity of things on different surfaces

Bob: The rougher the surface, the more friction between the sur-
face and the wooden block, and thus acceleration will be greater.

No substance. Does not demonstrate any 
thoughtful interpretation of the text.

 

Annotation interprets the text and demonstrates 
understanding of concepts through analogy and 
synthesis of multiple concepts.

Possibly insightful question but does not elabo-
rate on thought process, nor demonstrate 
thoughtful reading of the text.

Question does not explicitly identify point 
of confusion nor demonstrates thoughtful read-
ing or interpretation of the text. 

Response demonstrates a thoughtful explana-
tion with a claim substantiated with a concrete 
example

Question exhibits superficial reading, but  does 
not exhibit any interpretation of the textbook.

Demonstrates thoughtful interpretation of the 
text by refuting a statement through a counter 
example.
 

Responds to the question by thoughtfully inter-
preting the text

Annotation not backed up by any reasoning or 
theoretical assumptions. No evidence of 
thoughtful reading of text. 

Response backed up with reasoning that 
demonstrates an interpretation of the text and 
applies understanding of concepts

Profound question that goes beyond the materi-
al covered in the textbook. 

Demonstrates some thought but does not really 
address Claire’s question

No substance. Does not demonstrate any 
thoughtful reading. 

No substance. Does not demonstrate any 
thoughtful reading. 
Interprets the graph and applies understanding 
of both the concept of friction, how a v-t graph 
correponds to acceleration and the relationship 
between the force of friction and acceleration
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In the preceding two chapters, we developed a math-
ematical framework for describing motion along a 
straight line. In this chapter, we continue our study of 

motion by investigating inertia, a property of objects that 
affects their motion. The experiments we carry out in 
studying inertia lead us to discover one of the most funda-
mental laws in physics—conservation of momentum.

4.1 Friction

Picture a block of wood sitting motionless on a smooth 
wooden surface. If you give the block a shove, it slides some 
distance but eventually comes to rest. Depending on the 
smoothness of the block and the smoothness of the wooden 
surface, this stopping may happen sooner or it may hap-
pen later. If the two surfaces in contact are very smooth and 
slippery, the block slides for a longer time interval than if 
the surfaces are rough or sticky. This you know from every-
day experience: A hockey puck slides easily on ice but not 
on a rough road.

Figure 4.1 shows how the velocity of a wooden block 
decreases on three different surfaces. The slowing down is 
due to friction—the resistance to motion that one surface or 
object encounters when moving over another. Notice that, 
during the interval covered by the velocity-versus-time 
graph, the velocity decrease as the block slides over ice is 
hardly observable. The block slides easily over ice because 
there is very little friction between the two surfaces. The 
 effect of friction is to bring two objects to rest with  respect 
to each other—in this case the wooden block and the sur-
face it is sliding on. The less friction there is, the longer it 
takes for the block to come to rest.

You may wonder whether it is possible to make surfaces 
that have no friction at all, such that an object, once given 
a shove, continues to glide forever. There is no totally fric-
tionless surface over which objects slide forever, but there 
are ways to minimize friction. You can, for instance, float an 
object on a cushion of air. This is most easily accomplished 
with a low-friction track—a track whose surface is dotted 
with little holes through which pressurized air blows. The 
air serves as a cushion on which a conveniently shaped ob-
ject can float, with friction between the object and the track 
all but eliminated. Alternatively, one can use wheeled carts 
with low-friction bearings on an ordinary track. Figure 4.2  
shows low-friction carts you may have encountered in your 
lab or class. Although there is still some friction both for 
low-friction tracks and for the track shown in Figure 4.2, 
this friction is so small that it can be ignored during an 
 experiment. For example, if the track in Figure 4.2 is hori-
zontal, carts move along its length without slowing down 
appreciably. In other words:

In the absence of friction, objects moving along a 
horizontal track keep moving without slowing down.

Another advantage of using such carts is that the track 
constrains the motion to being along a straight line. We can 
then use a high-speed camera to record the cart’s position 
at various instants, and from that information determine its 
speed and acceleration.

4.1 (a) Are the accelerations of the motions shown in 
 Figure 4.1 constant? (b) For which surface is the acceleration 
largest in magnitude?

4.2 Inertia

We can discover one of the most fundamental principles of 
physics by studying how the velocities of two low-friction 
carts change when the carts collide. Let’s first see what hap-
pens with two identical carts. We call these standard carts 
because we’ll use them as a standard against which to com-
pare the motion of other carts. First we put one standard 
cart on the low-friction track and make sure it doesn’t 
move. Next we place the second cart on the track some dis-
tance from the first one and give the second cart a shove to-
ward the first. The two carts collide, and the collision alters 
the velocities of both.

Figure 4.1 Velocity-versus-time graph for a wooden block sliding on 
three different surfaces. The rougher the surface, the more quickly the 
 velocity decreases.
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Figure 4.2 Low-friction track and carts used in the experiments described 
in this chapter.
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rubric-based assessment

• quality (thoughtful reading & interpretation)

• quantity (minimum 10)

• timeliness (before class)

• distribution (not clustered)

over 20,000 

annotations!
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• quantity (minimum 10)
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• distribution (not clustered)

how do you process all of that??
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rubric-based assessment

• quality (thoughtful reading & interpretation)

• quantity (minimum 10)

• timeliness (before class)

• distribution (not clustered)

how do you process all of that??fully automated 

assessment
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fully automated assessment

• specialized machine learning algorithm

• assesses intellectual content

• exceeds intercoder reliability
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http://perusall.com

gradebook
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http://perusall.com

gradebook
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connect pre-class and in-class activities
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http://perusall.com

confusion report

• quality (thoughtful reading & interpretation)

• quantity (minimum 10)

• timeliness (before class)

• distribution (not clustered)
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motivating factors

Intrinsic:

 • social interaction
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Intrinsic:

 • social interaction
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motivating factors

Intrinsic:

 • social interaction

 • tie-in to in-class activity

Extrinsic:

 • assessment (fully automated)
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motivating factors

“I think the Perusall app and annotation 

system is way better than just reading a text-

book normally… I’ve been reading for almost 

four hours now and haven’t gotten bored”
 

Harvard student
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motivating factors

“It makes the book fun to read... 

All the other students on my floor are disap-

pointed their Prof isn’t using Perusall because 

they don’t read the book.”
 

Ohio State student
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participation
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participation

close to 95%!
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participation

every student prepared for every class
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Projects

• 1 project/month (6 over 2 semesters)

• new team formation for each project

• projects not prescriptive, but open-ended

• 3 types of project “fairs”

• external evaluators
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Projects

Rule-based team formation using GroupEng

www.GroupEng.org
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Projects

Rule-based team formation using GroupEng

• gender
• year
• self-efficacy & learning attitude
• class performance
• exlude previous team mates

www.GroupEng.org
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Projects

To be successful, the projects must

• require practical application of skills

• be linked to real world problems

• have compelling narrative (help/do good)
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Projects

 Fall Spring

 Drag Race Ecotricity

 Rube Goldberg Crack-a-Thon

 Symphosium inSPECT Fair
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This video is about El Sistema

Eric Mazur

LandPhilharmonic

El Sistema

LandPhilharmonic
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Projects
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Projects

Build a beautifully sounding instrument 
from recycled parts
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Projects

Build a beautifully sounding instrument 
from recycled parts

• musical range
• Q-factor
• harmonic spectrum
• sound level
• tuning stability
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Projects

Milestones:

• team contract

• proposal

• fair

• report

• team, peer, and self assessment
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Projects

Milestones:

• team contract (at beginning)

• proposal (+1 week)

• fair

• report

• team, peer, and self assessment
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Projects

Milestones:

• team contract (at beginning)

• proposal (+1 week)

• fair (+3 weeks)

• report (+1 week +3 days for revision)

• team, peer, and self assessment (at end)
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This video is about Flute Capacitor

Eric Mazur

Flute Capacitor

El Sistema

Flute Capacitor
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competition instead of

social good/empathy as motivator
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In-class activities
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In-class activities

2 weekly 3-hour class periods
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In-class activities

Instructor poses question

Answer alone

Discuss in team

Answer again

Work on worksheet with team

Explore concepts

Discuss with staff

bring device

ap
p

ly
u

n
d

er
st

an
d

ev
al

u
at

e

LC: Learning Catalytics 90 min Tutorial 60 min

bring device

Estimate quantities

Develop individual strategy

Discuss and solve as team

Conduct experiment with team

Take measurements

Analyze data

Carry out simulations

EA: Estimation Activity 30 min EDA: Experimental Design Activity

bring device

Work problems alone BEFORE class

Discuss with team, mark up

Self-assess & turn in

Part 1: solve problems alone

Open book, open internet

Part 2: solve with team

Problem Set & Reflection 90 min RAA: Readiness Assurance Activity

90 min

90 min

blend of 6 “best practices”
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In-class activities
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In-class activities
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In-class activities
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In-class activities
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Unit 8
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In-class activities

Instructor poses question

Answer alone

Discuss in team

Answer again

Work on worksheet with team

Explore concepts

Discuss with staff

bring device

ap
p

ly
u

n
d

er
st

an
d

ev
al

u
at

e

LC: Learning Catalytics 90 min Tutorial 60 min

bring device

Estimate quantities

Develop individual strategy

Discuss and solve as team

Conduct experiment with team

Take measurements

Analyze data

Carry out simulations

EA: Estimation Activity 30 min EDA: Experimental Design Activity

bring device

Work problems alone BEFORE class

Discuss with team, mark up

Self-assess & turn in

Part 1: solve problems alone

Open book, open internet

Part 2: solve with team

Problem Set & Reflection 90 min RAA: Readiness Assurance Activity

90 min

90 min
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In-class activities

Instructor poses question

Answer alone

Discuss in team

Answer again

Work on worksheet with team

Explore concepts

Discuss with staff

bring device

ap
p

ly
u

n
d

er
st

an
d

ev
al

u
at

e

LC: Learning Catalytics 90 min Tutorial 60 min

bring device

Estimate quantities

Develop individual strategy

Discuss and solve as team

Conduct experiment with team

Take measurements

Analyze data

Carry out simulations

EA: Estimation Activity 30 min EDA: Experimental Design Activity

bring device

Work problems alone BEFORE class

Discuss with team, mark up

Self-assess & turn in

Part 1: solve problems alone

Open book, open internet

Part 2: solve with team

Problem Set & Reflection 90 min RAA: Readiness Assurance Activity

90 min

90 min
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goal: develop conceptual understanding



Before we start, please sign on to Learning Catalytics 

using a web-enabled device (1 person/device):

 

    1. Go to     learningcatalytics.com/demo

2. Enter info, click “Start”

3. Join session 19557292
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In-class activities

Instructor poses question

Answer alone

Discuss in team

Answer again

Work on worksheet with team

Explore concepts

Discuss with staff

bring device

ap
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at

e

LC: Learning Catalytics 90 min Tutorial 60 min

bring device

Estimate quantities

Develop individual strategy

Discuss and solve as team

Conduct experiment with team

Take measurements

Analyze data

Carry out simulations

EA: Estimation Activity 30 min EDA: Experimental Design Activity

bring device

Work problems alone BEFORE class

Discuss with team, mark up

Self-assess & turn in

Part 1: solve problems alone

Open book, open internet

Part 2: solve with team

Problem Set & Reflection 90 min RAA: Readiness Assurance Activity

90 min

90 min
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McDermott et al., Tutorials in Introductory Physics (Prentice Hall, 2002)

goal: address documented misconceptions
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McDermott et al., Tutorials in Introductory Physics (Prentice Hall, 2002)
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elicit

confrontresolve

McDermott et al., Tutorials in Introductory Physics (Prentice Hall, 2002)
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In-class activities

Instructor poses question

Answer alone

Discuss in team

Answer again

Work on worksheet with team

Explore concepts

Discuss with staff

bring device
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p

ly
u

n
d

er
st

an
d

ev
al
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at

e

LC: Learning Catalytics 90 min Tutorial 60 min

bring device

Estimate quantities

Develop individual strategy

Discuss and solve as team

Conduct experiment with team

Take measurements

Analyze data

Carry out simulations

EA: Estimation Activity 30 min EDA: Experimental Design Activity

bring device

Work problems alone BEFORE class

Discuss with team, mark up

Self-assess & turn in

Part 1: solve problems alone

Open book, open internet

Part 2: solve with team

Problem Set & Reflection 90 min RAA: Readiness Assurance Activity

90 min

90 min
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Estimation	
  A
ctivity

	
  

Th	
  Oct	
  9	
  	
  

	
  	
  
	
  
Instru

ctions
:	
  Estim

ate	
  (n
ot	
  Guess	
  o

r	
  Google!
)	
  the	
  q

uantit
ies	
  be

low	
  to	
  the
	
  neare

st	
  ord
er	
  of	
  m

agnitu
de.	
  Report	
  

all	
  

your	
  a
nswers	
  as	
  

an	
  ord
er	
  of	
  m

agnitu
de	
  (us

ing	
  the
	
  indica

ted	
  un
its).	
  Sp

end	
  th
e	
  first	
  

five	
  m
inutes

	
  thinki
ng	
  ind

ividua
lly	
  

about	
  
a	
  strat

egy,	
  th
en	
  go	
  

at	
  it	
  w
ith	
  you

r	
  team
.	
  You	
  h

ave	
  30
	
  minutes

	
  exactl
y,	
  so	
  t

hink	
  fa
st!	
  

	
  
When	
  yo

ur	
  tea
m	
  has	
  co

mpleted
	
  all	
  six

	
  quest
ions,	
  c

heck	
  y
our	
  an

swers	
  with	
  a	
  te
aching

	
  staff	
  m
ember.	
  

	
  
Importan

t:	
  Star
t	
  from

	
  what	
  yo
u	
  know;	
  do	
  no

t	
  look	
  
up	
  any

	
  value
s.	
  Pret

end	
  yo
u	
  are	
  b

eing	
  a
sked	
  t

hese	
  q
uestio

ns	
  at	
  a
	
  

job	
  int
erview

.	
  Or	
  you	
  w
ant	
  to

	
  surpri
se	
  peo

ple	
  at	
  
a	
  dinn

er	
  par
ty.	
  

	
  
	
  
1.	
   Estimate	
   th

e	
   che
mical	
   en

ergy	
   r
elease

d	
   duri
ng	
   the

	
   explo
sive	
   s

eparat
ion	
   of

	
   a	
   pro
fession

al	
   fire
works	
   s

hell.	
  

Answer	
  unit
s:	
  [J]	
  

	
  
2.	
   Estimate	
  the

	
  relativ
e	
  spee

d	
  of	
  th
e	
  moon	
  as

	
  seen	
  f
rom	
  an	
  ob

server
	
  on	
  the

	
  earth
.	
  Answer	
  unit

s:	
  [m/s]	
  

	
  
3.	
   Estimate	
   th

e	
   pow
er	
   out

put	
   by
	
   an	
   av

erage	
  
person

	
   completing
	
   a	
   “sta

dium	
  workout
”	
  where	
   t

hey	
   ru
n	
   up	
   a

nd	
  

down	
  the	
  3
0	
  secti

ons	
  of
	
  the	
  H

arvard
	
  Stadiu

m	
  as	
  fas
t	
  as	
  th

ey	
  can
.	
  Answer	
  unit

s:	
  [W]	
  

	
  
4.	
   Estimate	
  the

	
  force	
  
of	
  the

	
  atmosphe
re	
  exe

rted	
  o
n	
  the	
  e

ntire	
  s
urface

	
  of	
  one
	
  perso

n’s	
  ski
n.	
  Answer	
  unit

s:	
  [N]	
  

	
  
5.	
   Estimate	
  th

e	
  heig
ht	
  of	
  t

he	
  mountai
n	
  a	
  co

llege	
  s
tuden

t	
  could
	
  climb	
  with	
  the

	
  energ
y	
  save

d	
  by	
  tu
rning	
  o

ut	
  the
ir	
  

dorm	
  lights
	
  instea

d	
  of	
  ke
eping	
  

the	
  lig
hts	
  on

	
  for	
  an
	
  all-­‐nig

hter	
  h
omework	
  as

signm
ent.	
  A

nswer	
  unit
s:	
  [m]	
  

	
  
	
  
	
  

1  design                            2   approach

goal: develop qualitative reasoning skills
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n	
  the	
  e

ntire	
  s
urface

	
  of	
  one
	
  perso

n’s	
  ski
n.	
  Answer	
  unit

s:	
  [N]	
  

	
  
5.	
   Estimate	
  th

e	
  heig
ht	
  of	
  t

he	
  mountai
n	
  a	
  co

llege	
  s
tuden

t	
  could
	
  climb	
  with	
  the

	
  energ
y	
  save

d	
  by	
  tu
rning	
  o

ut	
  the
ir	
  

dorm	
  lights
	
  instea

d	
  of	
  ke
eping	
  

the	
  lig
hts	
  on

	
  for	
  an
	
  all-­‐nig

hter	
  h
omework	
  as

signm
ent.	
  A

nswer	
  unit
s:	
  [m]	
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er	
  of	
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agnitu
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  strat
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at	
  it	
  w
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  h
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  30
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  exactl
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  t

hink	
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m	
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  co
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  six

	
  quest
ions,	
  c

heck	
  y
our	
  an

swers	
  with	
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  b

eing	
  a
sked	
  t

hese	
  q
uestio

ns	
  at	
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  dinn

er	
  par
ty.	
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  the

	
  earth
.	
  Answer	
  unit

s:	
  [m/s]	
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“Estimate the chemical energy released 
during the explosive separation of a

professional fireworks shell. Answer units: [J]”
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In-class activities

Instructor poses question

Answer alone

Discuss in team

Answer again

Work on worksheet with team

Explore concepts

Discuss with staff

bring device

ap
p

ly
u

n
d

er
st

an
d

ev
al

u
at

e

LC: Learning Catalytics 90 min Tutorial 60 min

bring device

Estimate quantities

Develop individual strategy

Discuss and solve as team

Conduct experiment with team

Take measurements

Analyze data

Carry out simulations

EA: Estimation Activity 30 min EDA: Experimental Design Activity

bring device

Work problems alone BEFORE class

Discuss with team, mark up

Self-assess & turn in

Part 1: solve problems alone

Open book, open internet

Part 2: solve with team

Problem Set & Reflection 90 min RAA: Readiness Assurance Activity

90 min

90 min



1  design                            2   approach

goal: develop experimental skills
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q

q

q

–2q
a

a

Proble
m	
  Set	
  1	
  

due	
  W
	
  Feb	
  6

	
  in	
  clas
s	
  

	
  	
  
Instruc

tions:	
  
as	
  we	
  

need	
  t
o	
  quic

kly	
  sca
n	
  your

	
  work	
  
so	
  we	
  

can	
  re
turn	
  it

	
  befor
e	
  the	
  e

nd	
  of	
  c
lass,	
  p

lease:	
  

• use	
  8.5
	
  x	
  11”	
  

paper	
  

• no-­‐do
g	
  ears

	
  or	
  tor
n	
  out	
  o

f	
  ring-­‐
bound

	
  noteb
ook	
  

• dark	
  in
k	
  (no	
  l

ight	
  pe
ncils)	
  

• no	
  sta
ples	
  

• name	
  
on	
  eac

h	
  page
	
  

• single-­‐
sided	
  (

no	
  wri
ting	
  on

	
  back)
	
  

• leave	
  m
argins

	
  blank
	
  

	
  
1. 	
  Ink-­‐Je

t	
  Print
ing.	
   	
   I

n	
  an	
  in
kjet	
  pr

inter,	
  
letters

	
  are	
  b
uilt	
  up

	
  by	
  sq
uirting

	
  drops
	
  of	
  ink

	
  at	
  a	
  p
iece	
  o

f	
  pape
r	
  from

	
  a	
  

rapidly
	
  movin

g	
  nozz
le.	
  The

	
   ink	
  dr
ops	
   le

ave	
  a	
  
nozzle

	
  and	
  t
ravel	
  t

oward
	
  the	
  p

aper,	
  
passin

g	
  thro
ugh	
  a	
  

chargi
ng	
  

unit	
  th
at	
  give

s	
  each
	
  drop	
  

a	
  posi
tive	
  ch

arge	
  b
y	
  remo

ving	
  so
me	
  ele

ctrons
	
  from	
  

it.	
  The
	
  drops

	
  then	
  
pass	
  b

etwee
n	
  

paralle
l	
   defle

cting	
  
plates

	
   wher
e	
   ther

e	
   is	
   a
	
   unifo

rm	
   ve
rtical	
  

electri
c	
   field

	
   (to	
   b
e	
   disc

ussed	
  
in	
   Cha

pter	
   2
3).	
  	
  

Estima
te	
  the

	
  numb
er	
  of	
  a

toms	
  p
resent

	
  in	
  a	
  d
roplet

	
  of	
  ink
.	
  

2. 	
  Levita
tion.	
   	
  

One	
   p
ossible

	
   way	
  
of	
   levi

tating	
  
an	
   ob

ject	
   m
ight	
   b

e	
   to	
   u
se	
   the

	
   force
s	
   asso

ciated
	
   with	
  

charge
d	
  	
  	
  

object
s.	
  For	
  

examp
le,	
  you

	
  have	
  
two	
  ch

arged	
  
particl

es	
  tha
t	
  are	
  f

ixed	
  o
n	
  a	
  ve

rtical	
  p
ole	
  0.5

	
  m	
  apa
rt.	
  	
  Th

e	
  lowe
r	
  

one	
  ha
s	
  a	
  fixe

d	
  char
ge	
  of	
  -­‐

3.0	
  µC
.	
  	
  The	
  

upper
	
  one	
  h

as	
  a	
  ch
arge	
  qA

	
  that	
  c
an	
  be	
  

adjust
ed.	
  	
  A	
  

30-­‐mg
	
  partic

le	
  with
	
  

a	
   char
ge	
  of	
  

+8.0	
  µ
C	
  can	
  

move	
  
freely	
  

on	
   the
	
  pole	
  

below
	
   the	
  o

ther	
   tw
o.	
  You

	
  wish	
  
to	
   levi

tate	
   (i
.e.,	
   flo

at)	
   thi
s	
  

particl
e	
   at	
   a

	
   distan
ce	
  of	
  

1.0	
  m
	
  below

	
   the	
   lo
wer	
   fi

xed	
   ch
arge.	
   	
  

What	
   sh
ould	
   t

he	
   adj
ustabl

e	
   char
ge	
  qA	
  

be	
   to	
  

achiev
e	
  this	
  

feat?	
  	
  

	
  

3. Charg
e	
   Squa

re.	
   Fo
ur	
   cha

rged	
   p
article

s	
   are	
  
arrang

ed	
   in	
  
a	
   squa

re	
   as	
  
shown

	
   in	
   the
	
   figure

	
   to	
   th
e	
  

right,	
  w
ith	
  q	
  =

	
  3.9×1
0-­‐
4 	
  C	
  	
  	
  an

d	
  a	
  =	
  6
.9	
  mm

.	
  What	
  is	
  
the	
  ne

t	
  force
	
  on	
  the

	
  partic
le	
  at	
  th

e	
  uppe
r	
  right

	
  

corner
	
  due	
  to

	
  the	
  ot
her	
  th

ree?	
  	
  

	
  
4.	
  	
  The	
  

gravita
tional	
  

force	
  b
etwee

n	
  two	
  
concen

trated
	
  (“poin

t-­‐like”
)	
  mass

es	
  is	
  v
ery	
  sim

ilar	
  in	
  
its	
  	
  	
  	
  	
  	
  

mathe
matica

l	
  struc
ture	
  to

	
  the	
  el
ectros

tatic	
  fo
rce	
  be

tween
	
  two	
  c

oncen
trated

	
  charg
es.	
  	
  Th

e	
  

“stren
gth”	
  o

f	
  these
	
  two	
  fo

rces	
  is
,	
  howe

ver,	
  va
stly	
  dif

ferent
.	
  	
  To	
  il

lustrat
e	
  this,

	
  consid
er	
  the

	
  follow
ing	
  

examp
le.	
  	
  So

mewh
ere	
  in	
  

outer	
  
space	
  

are	
  tw
o	
  iden

tical	
  sp
herica

l	
  dust	
  
grains

,	
  50	
  μm
	
  in	
  dia

meter
,	
  with	
  

mass	
  d
ensity

	
  

2.5	
  g/c
m
3 .	
  	
  They

	
  are	
  at
	
  a	
  dist

ance	
  d
	
  meter

s	
  apar
t.	
  	
  If	
  th

e	
  grain
s	
  were

	
  electr
ically	
  n

eutral
,	
  free	
  o

f	
  othe
r	
  exter

nal	
  

forces
,	
  and	
  h

ave	
  ne
gligible

	
  relativ
e	
  velo

city,	
  th
ey	
  wo

uld	
  ev
entual

ly	
  colli
de	
  gra

vitatio
nally.	
  	
  

Now	
  s
uppos

e	
  that	
  
both	
  

grains
	
  are	
  el

ectrica
lly	
  cha

rged,	
  e
ach	
  ha

ving	
  n
	
  “extra

”	
  elect
rons.	
  	
  

Find	
  th
e	
  mini

mum	
  v
alue	
  o

f	
  n	
  tha
t	
  woul

d	
  prev
ent	
  

the	
  gra
vitatio

nal	
  co
llision.

	
  	
  Assum
e	
  that	
  

in	
  the	
  
grains

	
  the	
  nu
mber	
  o

f	
  proto
ns	
  equ

als	
  the
	
  numb

er	
  of	
  n
eutron

s.	
  

	
  	
  

	
  
5.	
  	
  Stati

c	
  Bond
s.	
  	
  Jame

s	
  Bond
	
  and	
  V

esper	
  
Lynd	
  a

re	
  doin
g	
  the	
  l

aundr
y	
  whe

n	
  Jame
s	
  unlo

ads	
  th
e	
  drye

r	
  and	
  t
he	
  

discus
sion	
  co

mes	
  ar
ound	
  t

o	
  stati
c	
  elect

ricity.	
  
	
  Vespe

r	
  Lynd
	
  wants

	
  to	
  get
	
  some

	
  idea	
  o
f	
  the	
  a

mount
	
  of	
  cha

rge	
  tha
t	
  

causes
	
  static

	
  cling.	
  
	
  James

	
  imme
diately

	
  takes	
  
two	
  em

pty	
  so
da	
  can

s,	
  whic
h	
  each

	
  have	
  a
	
  mass	
  

of	
  120
	
  grams

,	
  

from	
  t
he	
  rec

ycling	
  
bin.	
  	
  H

e	
  ties	
  
the	
  ca

ns	
  to	
  t
he	
  two

	
  ends	
  o
f	
  a	
  stri

ng	
  (on
e	
  to	
  ea

ch	
  end
)	
  and	
  h

angs	
  t
he	
  

center
	
  of	
  the

	
  string
	
  over	
  a

	
  nail	
  st
icking	
  

out	
  of
	
  the	
  w

all.	
  	
  Ea
ch	
  can

	
  now	
  h
angs	
  s

traight
	
  down

	
  30	
  cm
	
  from	
  

the	
  na
il.	
  	
  Jam

es	
  take
s	
  his	
  fl

annel	
  
shirt	
  fr

om	
  th
e	
  drye

r	
  and	
  t
ouche

s	
  it	
  to	
  
the	
  ca

ns,	
  wh
ich	
  are

	
  touch
ing	
  ea

ch	
  

other.
	
  	
  The	
  c

ans	
  m
ove	
  ap

art	
  un
til	
  they

	
  hang	
  
station

ary	
  at	
  
an	
  ang

le	
  of	
  1
0°	
  from

	
  the	
  ve
rtical.	
  

	
  Assum
ing	
  

that	
  th
ere	
  are

	
  equal
	
  amounts	
  

of	
  cha
rge	
  on

	
  each	
  c
an,	
  Ve

sper	
  n
ow	
  cal

culate
s	
  the	
  a

mount
	
  of	
  cha

rge	
  tra
nsferr

ed	
  

from	
  B
onds	
  s

hirt.	
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force	
  b
etwee

n	
  two	
  
concen

trated
	
  (“poin

t-­‐like”
)	
  mass

es	
  is	
  v
ery	
  sim

ilar	
  in	
  
its	
  	
  	
  	
  	
  	
  

mathe
matica

l	
  struc
ture	
  to

	
  the	
  el
ectros

tatic	
  fo
rce	
  be

tween
	
  two	
  c

oncen
trated

	
  charg
es.	
  	
  Th

e	
  

“stren
gth”	
  o

f	
  these
	
  two	
  fo

rces	
  is
,	
  howe

ver,	
  va
stly	
  dif

ferent
.	
  	
  To	
  il

lustrat
e	
  this,

	
  consid
er	
  the

	
  follow
ing	
  

examp
le.	
  	
  So

mewh
ere	
  in	
  

outer	
  
space	
  

are	
  tw
o	
  iden

tical	
  sp
herica

l	
  dust	
  
grains

,	
  50	
  μm
	
  in	
  dia

meter
,	
  with	
  

mass	
  d
ensity

	
  

2.5	
  g/c
m
3 .	
  	
  They

	
  are	
  at
	
  a	
  dist

ance	
  d
	
  meter

s	
  apar
t.	
  	
  If	
  th

e	
  grain
s	
  were

	
  electr
ically	
  n

eutral
,	
  free	
  o

f	
  othe
r	
  exter

nal	
  

forces
,	
  and	
  h

ave	
  ne
gligible

	
  relativ
e	
  velo

city,	
  th
ey	
  wo

uld	
  ev
entual

ly	
  colli
de	
  gra

vitatio
nally.	
  	
  

Now	
  s
uppos

e	
  that	
  
both	
  

grains
	
  are	
  el

ectrica
lly	
  cha

rged,	
  e
ach	
  ha

ving	
  n
	
  “extra

”	
  elect
rons.	
  	
  

Find	
  th
e	
  mini

mum	
  v
alue	
  o

f	
  n	
  tha
t	
  woul

d	
  prev
ent	
  

the	
  gra
vitatio

nal	
  co
llision.

	
  	
  Assum
e	
  that	
  

in	
  the	
  
grains

	
  the	
  nu
mber	
  o

f	
  proto
ns	
  equ

als	
  the
	
  numb

er	
  of	
  n
eutron

s.	
  

	
  	
  

	
  
5.	
  	
  Stati

c	
  Bond
s.	
  	
  Jame

s	
  Bond
	
  and	
  V

esper	
  
Lynd	
  a

re	
  doin
g	
  the	
  l

aundr
y	
  whe

n	
  Jame
s	
  unlo

ads	
  th
e	
  drye

r	
  and	
  t
he	
  

discus
sion	
  co

mes	
  ar
ound	
  t

o	
  stati
c	
  elect

ricity.	
  
	
  Vespe

r	
  Lynd
	
  wants

	
  to	
  get
	
  some

	
  idea	
  o
f	
  the	
  a

mount
	
  of	
  cha

rge	
  tha
t	
  

causes
	
  static

	
  cling.	
  
	
  James

	
  imme
diately

	
  takes	
  
two	
  em

pty	
  so
da	
  can

s,	
  whic
h	
  each

	
  have	
  a
	
  mass	
  

of	
  120
	
  grams

,	
  

from	
  t
he	
  rec

ycling	
  
bin.	
  	
  H

e	
  ties	
  
the	
  ca

ns	
  to	
  t
he	
  two

	
  ends	
  o
f	
  a	
  stri

ng	
  (on
e	
  to	
  ea

ch	
  end
)	
  and	
  h

angs	
  t
he	
  

center
	
  of	
  the

	
  string
	
  over	
  a

	
  nail	
  st
icking	
  

out	
  of
	
  the	
  w

all.	
  	
  Ea
ch	
  can

	
  now	
  h
angs	
  s

traight
	
  down

	
  30	
  cm
	
  from	
  

the	
  na
il.	
  	
  Jam

es	
  take
s	
  his	
  fl

annel	
  
shirt	
  fr

om	
  th
e	
  drye

r	
  and	
  t
ouche

s	
  it	
  to	
  
the	
  ca

ns,	
  wh
ich	
  are

	
  touch
ing	
  ea

ch	
  

other.
	
  	
  The	
  c

ans	
  m
ove	
  ap

art	
  un
til	
  they

	
  hang	
  
station

ary	
  at	
  
an	
  ang

le	
  of	
  1
0°	
  from

	
  the	
  ve
rtical.	
  

	
  Assum
ing	
  

that	
  th
ere	
  are

	
  equal
	
  amounts	
  

of	
  cha
rge	
  on

	
  each	
  c
an,	
  Ve

sper	
  n
ow	
  cal

culate
s	
  the	
  a

mount
	
  of	
  cha

rge	
  tra
nsferr

ed	
  

from	
  B
onds	
  s

hirt.	
  

1  design                            2   approach

goal: develop problem solving

and metacognitive skills



AP50b
 Fall 2013 

q
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q
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a

a

Proble
m	
  Set	
  1	
  

due	
  W
	
  Feb	
  6

	
  in	
  clas
s	
  

	
  	
  
Instruc

tions:	
  
as	
  we	
  

need	
  t
o	
  quic

kly	
  sca
n	
  your

	
  work	
  
so	
  we	
  

can	
  re
turn	
  it

	
  befor
e	
  the	
  e

nd	
  of	
  c
lass,	
  p

lease:	
  

• use	
  8.5
	
  x	
  11”	
  

paper	
  

• no-­‐do
g	
  ears

	
  or	
  tor
n	
  out	
  o

f	
  ring-­‐
bound

	
  noteb
ook	
  

• dark	
  in
k	
  (no	
  l

ight	
  pe
ncils)	
  

• no	
  sta
ples	
  

• name	
  
on	
  eac

h	
  page
	
  

• single-­‐
sided	
  (

no	
  wri
ting	
  on

	
  back)
	
  

• leave	
  m
argins

	
  blank
	
  

	
  
1. 	
  Ink-­‐Je

t	
  Print
ing.	
   	
   I

n	
  an	
  in
kjet	
  pr

inter,	
  
letters

	
  are	
  b
uilt	
  up

	
  by	
  sq
uirting

	
  drops
	
  of	
  ink

	
  at	
  a	
  p
iece	
  o

f	
  pape
r	
  from

	
  a	
  

rapidly
	
  movin

g	
  nozz
le.	
  The

	
   ink	
  dr
ops	
   le

ave	
  a	
  
nozzle

	
  and	
  t
ravel	
  t

oward
	
  the	
  p

aper,	
  
passin

g	
  thro
ugh	
  a	
  

chargi
ng	
  

unit	
  th
at	
  give

s	
  each
	
  drop	
  

a	
  posi
tive	
  ch

arge	
  b
y	
  remo

ving	
  so
me	
  ele

ctrons
	
  from	
  

it.	
  The
	
  drops

	
  then	
  
pass	
  b

etwee
n	
  

paralle
l	
   defle

cting	
  
plates

	
   wher
e	
   ther

e	
   is	
   a
	
   unifo

rm	
   ve
rtical	
  

electri
c	
   field

	
   (to	
   b
e	
   disc

ussed	
  
in	
   Cha

pter	
   2
3).	
  	
  

Estima
te	
  the

	
  numb
er	
  of	
  a

toms	
  p
resent

	
  in	
  a	
  d
roplet

	
  of	
  ink
.	
  

2. 	
  Levita
tion.	
   	
  

One	
   p
ossible

	
   way	
  
of	
   levi

tating	
  
an	
   ob

ject	
   m
ight	
   b

e	
   to	
   u
se	
   the

	
   force
s	
   asso

ciated
	
   with	
  

charge
d	
  	
  	
  

object
s.	
  For	
  

examp
le,	
  you

	
  have	
  
two	
  ch

arged	
  
particl

es	
  tha
t	
  are	
  f

ixed	
  o
n	
  a	
  ve

rtical	
  p
ole	
  0.5

	
  m	
  apa
rt.	
  	
  Th

e	
  lowe
r	
  

one	
  ha
s	
  a	
  fixe

d	
  char
ge	
  of	
  -­‐

3.0	
  µC
.	
  	
  The	
  

upper
	
  one	
  h

as	
  a	
  ch
arge	
  qA

	
  that	
  c
an	
  be	
  

adjust
ed.	
  	
  A	
  

30-­‐mg
	
  partic

le	
  with
	
  

a	
   char
ge	
  of	
  

+8.0	
  µ
C	
  can	
  

move	
  
freely	
  

on	
   the
	
  pole	
  

below
	
   the	
  o

ther	
   tw
o.	
  You

	
  wish	
  
to	
   levi

tate	
   (i
.e.,	
   flo

at)	
   thi
s	
  

particl
e	
   at	
   a

	
   distan
ce	
  of	
  

1.0	
  m
	
  below

	
   the	
   lo
wer	
   fi

xed	
   ch
arge.	
   	
  

What	
   sh
ould	
   t

he	
   adj
ustabl

e	
   char
ge	
  qA	
  

be	
   to	
  

achiev
e	
  this	
  

feat?	
  	
  

	
  

3. Charg
e	
   Squa

re.	
   Fo
ur	
   cha

rged	
   p
article

s	
   are	
  
arrang

ed	
   in	
  
a	
   squa

re	
   as	
  
shown

	
   in	
   the
	
   figure

	
   to	
   th
e	
  

right,	
  w
ith	
  q	
  =

	
  3.9×1
0-­‐
4 	
  C	
  	
  	
  an

d	
  a	
  =	
  6
.9	
  mm

.	
  What	
  is	
  
the	
  ne

t	
  force
	
  on	
  the

	
  partic
le	
  at	
  th

e	
  uppe
r	
  right

	
  

corner
	
  due	
  to

	
  the	
  ot
her	
  th

ree?	
  	
  

	
  
4.	
  	
  The	
  

gravita
tional	
  

force	
  b
etwee

n	
  two	
  
concen

trated
	
  (“poin

t-­‐like”
)	
  mass

es	
  is	
  v
ery	
  sim

ilar	
  in	
  
its	
  	
  	
  	
  	
  	
  

mathe
matica

l	
  struc
ture	
  to

	
  the	
  el
ectros

tatic	
  fo
rce	
  be

tween
	
  two	
  c

oncen
trated

	
  charg
es.	
  	
  Th

e	
  

“stren
gth”	
  o

f	
  these
	
  two	
  fo

rces	
  is
,	
  howe

ver,	
  va
stly	
  dif

ferent
.	
  	
  To	
  il

lustrat
e	
  this,

	
  consid
er	
  the

	
  follow
ing	
  

examp
le.	
  	
  So

mewh
ere	
  in	
  

outer	
  
space	
  

are	
  tw
o	
  iden

tical	
  sp
herica

l	
  dust	
  
grains

,	
  50	
  μm
	
  in	
  dia

meter
,	
  with	
  

mass	
  d
ensity

	
  

2.5	
  g/c
m
3 .	
  	
  They

	
  are	
  at
	
  a	
  dist

ance	
  d
	
  meter

s	
  apar
t.	
  	
  If	
  th

e	
  grain
s	
  were

	
  electr
ically	
  n

eutral
,	
  free	
  o

f	
  othe
r	
  exter

nal	
  

forces
,	
  and	
  h

ave	
  ne
gligible

	
  relativ
e	
  velo

city,	
  th
ey	
  wo

uld	
  ev
entual

ly	
  colli
de	
  gra

vitatio
nally.	
  	
  

Now	
  s
uppos

e	
  that	
  
both	
  

grains
	
  are	
  el

ectrica
lly	
  cha

rged,	
  e
ach	
  ha

ving	
  n
	
  “extra

”	
  elect
rons.	
  	
  

Find	
  th
e	
  mini

mum	
  v
alue	
  o

f	
  n	
  tha
t	
  woul

d	
  prev
ent	
  

the	
  gra
vitatio

nal	
  co
llision.

	
  	
  Assum
e	
  that	
  

in	
  the	
  
grains

	
  the	
  nu
mber	
  o

f	
  proto
ns	
  equ

als	
  the
	
  numb

er	
  of	
  n
eutron

s.	
  

	
  	
  

	
  
5.	
  	
  Stati

c	
  Bond
s.	
  	
  Jame

s	
  Bond
	
  and	
  V

esper	
  
Lynd	
  a

re	
  doin
g	
  the	
  l

aundr
y	
  whe

n	
  Jame
s	
  unlo

ads	
  th
e	
  drye

r	
  and	
  t
he	
  

discus
sion	
  co

mes	
  ar
ound	
  t

o	
  stati
c	
  elect

ricity.	
  
	
  Vespe

r	
  Lynd
	
  wants

	
  to	
  get
	
  some

	
  idea	
  o
f	
  the	
  a

mount
	
  of	
  cha

rge	
  tha
t	
  

causes
	
  static

	
  cling.	
  
	
  James

	
  imme
diately

	
  takes	
  
two	
  em

pty	
  so
da	
  can

s,	
  whic
h	
  each

	
  have	
  a
	
  mass	
  

of	
  120
	
  grams

,	
  

from	
  t
he	
  rec

ycling	
  
bin.	
  	
  H

e	
  ties	
  
the	
  ca

ns	
  to	
  t
he	
  two

	
  ends	
  o
f	
  a	
  stri

ng	
  (on
e	
  to	
  ea

ch	
  end
)	
  and	
  h

angs	
  t
he	
  

center
	
  of	
  the

	
  string
	
  over	
  a

	
  nail	
  st
icking	
  

out	
  of
	
  the	
  w

all.	
  	
  Ea
ch	
  can

	
  now	
  h
angs	
  s

traight
	
  down

	
  30	
  cm
	
  from	
  

the	
  na
il.	
  	
  Jam

es	
  take
s	
  his	
  fl

annel	
  
shirt	
  fr

om	
  th
e	
  drye

r	
  and	
  t
ouche

s	
  it	
  to	
  
the	
  ca

ns,	
  wh
ich	
  are

	
  touch
ing	
  ea

ch	
  

other.
	
  	
  The	
  c

ans	
  m
ove	
  ap

art	
  un
til	
  they

	
  hang	
  
station

ary	
  at	
  
an	
  ang

le	
  of	
  1
0°	
  from

	
  the	
  ve
rtical.	
  

	
  Assum
ing	
  

that	
  th
ere	
  are

	
  equal
	
  amounts	
  

of	
  cha
rge	
  on

	
  each	
  c
an,	
  Ve

sper	
  n
ow	
  cal

culate
s	
  the	
  a

mount
	
  of	
  cha

rge	
  tra
nsferr

ed	
  

from	
  B
onds	
  s

hirt.	
  

1  design                            2   approach

 phase goal

 solve (at home/individual) skills development

 reflect (in class/team) metacognition
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Problem	
  Set	
  Rubric	
  

	
  
The	
  goal	
  of	
   the	
  problem	
  sets	
   is	
   to	
  develop	
  problem-­‐solving	
  skills,	
  not	
   just	
   to	
   test	
  your	
  ability	
   to	
  obtain	
   the	
  right	
  

answer.	
  You	
  will	
  receive	
  the	
  problem	
  sets	
  a	
  week	
  before	
  they	
  are	
  due.	
  Each	
  problem	
  sets	
  involves	
  both	
  individual	
  

and	
  team	
  work.	
  	
  	
  
Individual	
  phase	
  (at	
  home):	
  From	
  the	
  time	
  you	
  receive	
  a	
  problem	
  set	
  to	
  the	
  time	
  it	
  is	
  due	
  in	
  class	
  at	
  10	
  am,	
  you	
  are	
  

to	
   work	
   on	
   the	
   problem	
   set	
   alone.	
   The	
   work	
   you	
   complete	
   during	
   this	
   phase	
   will	
   be	
   evaluated	
   on	
   effort,	
   not	
  

correctness.	
  You	
  may	
  only	
  use	
  blue	
  or	
  black	
  ink	
  and	
  you	
  must	
  attempt	
  to	
  solve	
  each	
  problem	
  using	
  the	
  following	
  

4-­‐step	
  procedure	
  (see	
  Section	
  1.8	
  in	
  the	
  textbook	
  for	
  additional	
  details)	
  

	
  
Getting	
  Started	
   State	
   the	
   important	
   information	
  and	
   summarize	
   the	
  problem.	
   If	
   possible,	
   include	
  a	
  diagram.	
  

Note	
  any	
  assumptions	
  you’re	
  making.	
  	
  

	
  
Devise	
  Plan	
  

Devise	
  a	
  plan	
  of	
  attack	
  before	
  diving	
  into	
  the	
  solution.	
  Break	
  down	
  the	
  problem	
  into	
  smaller,	
  

manageable	
  segments.	
  Identify	
  which	
  physical	
  relationships	
  you	
  can	
  apply.	
  

	
  
Execute	
  Plan	
  

Carry	
  out	
  your	
  plan,	
  explaining	
  each	
  step.	
  The	
  argument	
  should	
  be	
  easy	
   to	
   follow.	
  Articulate	
  

your	
   thought	
   process	
   at	
   each	
   step	
   (including	
   roadblocks).	
   Any	
   variables	
   should	
   be	
   clearly	
  

defined,	
  and	
  your	
  diagrams	
  should	
  be	
  labeled.	
  

	
  
Evaluate	
  Answer	
   Check	
  each	
  solution	
  for	
  reasonableness.	
  There	
  are	
  many	
  ways	
  to	
  justify	
  your	
  reasoning:	
  check	
  

the	
   symmetry	
   of	
   the	
   solution,	
   evaluate	
   limiting	
   or	
   special	
   cases,	
   relate	
   the	
   solution	
   to	
  

situations	
  with	
  known	
  solutions,	
  check	
  units,	
  use	
  dimensional	
  analysis,	
  and/or	
  check	
  the	
  order	
  

of	
  magnitude	
  of	
  an	
  answer.	
  

	
  
You	
  can	
  consult	
  the	
  textbook	
  and	
  online	
  resources,	
  and	
  you	
  may	
  consult	
  the	
  teaching	
  staff	
  by	
  posting	
  questions	
  to	
  

the	
  Problem	
  Set	
  Discussion	
  on	
  the	
  course	
  Web	
  site.	
  However,	
  you	
  may	
  not	
  consult	
  other	
  people,	
  nor	
  collaborate	
  

with	
  your	
  peers.	
  It’s	
  ok	
  to	
  try	
  hard	
  and	
  not	
  succeed	
  at	
  first	
  (only	
  your	
  effort	
  is	
  evaluated),	
  but	
  you	
  must	
  attempt	
  

every	
   problem.	
   If	
   you	
   reach	
   the	
   Evaluate	
   stage	
   and	
   find	
   that	
   your	
   answer	
   does	
   not	
   seem	
   reasonable,	
   try	
   to	
  

describe	
  your	
  thought	
  process	
  so	
  you	
  are	
  prepared	
  for	
  a	
  discussion	
  with	
  your	
  team	
  in	
  class.	
  	
  

	
  
Team/Reflect	
   phase	
   (in	
   class):	
   On	
   the	
   due	
   date	
   of	
   the	
   problem	
   set,	
   you	
  will	
   work	
   with	
   your	
   team	
   in	
   class	
   to	
  

improve	
  and/or	
  correct	
  your	
  solutions,	
  reflect	
  on	
  your	
  work,	
  and	
  determine	
  what	
  you	
  need	
  to	
  review.	
  During	
  this	
  

stage,	
  you	
  may	
  only	
  use	
  red	
   ink	
   to	
  write	
  on	
  your	
  problem	
  sets	
  (pens	
  will	
  be	
  provided	
  in	
  class).	
  After	
  the	
  first	
  45	
  

minutes,	
   your	
   team	
  will	
   be	
  provided	
  with	
  a	
   solution	
   set	
  which	
   you	
  may	
  use	
   to	
   confirm	
  your	
   solutions.	
  After	
   an	
  

additional	
   45	
  minutes,	
   your	
   team	
  must	
   submit	
   the	
  marked-­‐up	
  problem	
   sets	
   together	
  with	
   completed	
   reflection	
  

sheets	
  for	
  the	
  entire	
  team	
  and	
  a	
  team	
  scoring	
  sheet.	
  

	
  
It	
   is	
   the	
   team’s	
   responsibility	
   to	
   ensure	
   that	
   all	
   team	
   members	
   hand-­‐in	
   complete	
   and	
   completely	
   marked	
   up	
  

solutions	
  together	
  with	
  a	
  completed	
  reflection	
  sheet,	
  because	
  your	
  team’s	
  submitted	
  work	
  will	
  result	
  in	
  a	
  shared	
  

team	
  score.	
  This	
  means	
  that	
  if	
  you	
  do	
  not	
  put	
  in	
  adequate	
  effort	
  before	
  the	
  Team/Reflect	
  phase,	
  you	
  will	
  lower	
  not	
  

only	
  your	
  own	
  score,	
  but	
  also	
   that	
  of	
  your	
   team	
  members.	
   Likewise,	
   it	
   is	
   important	
   to	
  ensure	
   that	
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  on	
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  team	
  marks	
  his/her	
  work	
  up	
  correctly	
  during	
  the	
  Team/Reflect	
  phase.	
  

	
  
Important:	
  Writing	
  on	
  the	
  problem	
  set	
  in	
  class	
  in	
  any	
  other	
  color	
  but	
  red	
  will	
  be	
  considered	
  academic	
  dishonesty.	
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  Rubric	
  
	
  
The	
  goal	
  of	
   the	
  problem	
  sets	
   is	
   to	
  develop	
  problem-­‐solving	
  skills,	
  not	
   just	
   to	
   test	
  your	
  ability	
   to	
  obtain	
   the	
  right	
  
answer.	
  You	
  will	
  receive	
  the	
  problem	
  sets	
  a	
  week	
  before	
  they	
  are	
  due.	
  Each	
  problem	
  sets	
  involves	
  both	
  individual	
  
and	
  team	
  work.	
  	
  
	
  
Individual	
  phase	
  (at	
  home):	
  From	
  the	
  time	
  you	
  receive	
  a	
  problem	
  set	
  to	
  the	
  time	
  it	
  is	
  due	
  in	
  class	
  at	
  10	
  am,	
  you	
  are	
  
to	
   work	
   on	
   the	
   problem	
   set	
   alone.	
   The	
   work	
   you	
   complete	
   during	
   this	
   phase	
   will	
   be	
   evaluated	
   on	
   effort,	
   not	
  
correctness.	
  You	
  may	
  only	
  use	
  blue	
  or	
  black	
  ink	
  and	
  you	
  must	
  attempt	
  to	
  solve	
  each	
  problem	
  using	
  the	
  following	
  
4-­‐step	
  procedure	
  (see	
  Section	
  1.8	
  in	
  the	
  textbook	
  for	
  additional	
  details)	
  
	
  
Getting	
  Started	
   State	
   the	
   important	
   information	
  and	
   summarize	
   the	
  problem.	
   If	
   possible,	
   include	
  a	
  diagram.	
  

Note	
  any	
  assumptions	
  you’re	
  making.	
  	
  
	
  
Devise	
  Plan	
   Devise	
  a	
  plan	
  of	
  attack	
  before	
  diving	
  into	
  the	
  solution.	
  Break	
  down	
  the	
  problem	
  into	
  smaller,	
  

manageable	
  segments.	
  Identify	
  which	
  physical	
  relationships	
  you	
  can	
  apply.	
  
	
  
Execute	
  Plan	
   Carry	
  out	
  your	
  plan,	
  explaining	
  each	
  step.	
  The	
  argument	
  should	
  be	
  easy	
   to	
   follow.	
  Articulate	
  

your	
   thought	
   process	
   at	
   each	
   step	
   (including	
   roadblocks).	
   Any	
   variables	
   should	
   be	
   clearly	
  
defined,	
  and	
  your	
  diagrams	
  should	
  be	
  labeled.	
  

	
  
Evaluate	
  Answer	
   Check	
  each	
  solution	
  for	
  reasonableness.	
  There	
  are	
  many	
  ways	
  to	
  justify	
  your	
  reasoning:	
  check	
  

the	
   symmetry	
   of	
   the	
   solution,	
   evaluate	
   limiting	
   or	
   special	
   cases,	
   relate	
   the	
   solution	
   to	
  
situations	
  with	
  known	
  solutions,	
  check	
  units,	
  use	
  dimensional	
  analysis,	
  and/or	
  check	
  the	
  order	
  
of	
  magnitude	
  of	
  an	
  answer.	
  

	
  
You	
  can	
  consult	
  the	
  textbook	
  and	
  online	
  resources,	
  and	
  you	
  may	
  consult	
  the	
  teaching	
  staff	
  by	
  posting	
  questions	
  to	
  
the	
  Problem	
  Set	
  Discussion	
  on	
  the	
  course	
  Web	
  site.	
  However,	
  you	
  may	
  not	
  consult	
  other	
  people,	
  nor	
  collaborate	
  
with	
  your	
  peers.	
  It’s	
  ok	
  to	
  try	
  hard	
  and	
  not	
  succeed	
  at	
  first	
  (only	
  your	
  effort	
  is	
  evaluated),	
  but	
  you	
  must	
  attempt	
  
every	
   problem.	
   If	
   you	
   reach	
   the	
   Evaluate	
   stage	
   and	
   find	
   that	
   your	
   answer	
   does	
   not	
   seem	
   reasonable,	
   try	
   to	
  
describe	
  your	
  thought	
  process	
  so	
  you	
  are	
  prepared	
  for	
  a	
  discussion	
  with	
  your	
  team	
  in	
  class.	
  	
  
	
  
Team/Reflect	
   phase	
   (in	
   class):	
   On	
   the	
   due	
   date	
   of	
   the	
   problem	
   set,	
   you	
  will	
   work	
   with	
   your	
   team	
   in	
   class	
   to	
  
improve	
  and/or	
  correct	
  your	
  solutions,	
  reflect	
  on	
  your	
  work,	
  and	
  determine	
  what	
  you	
  need	
  to	
  review.	
  During	
  this	
  
stage,	
  you	
  may	
  only	
  use	
  red	
   ink	
   to	
  write	
  on	
  your	
  problem	
  sets	
  (pens	
  will	
  be	
  provided	
  in	
  class).	
  After	
  the	
  first	
  45	
  
minutes,	
   your	
   team	
  will	
   be	
  provided	
  with	
  a	
   solution	
   set	
  which	
   you	
  may	
  use	
   to	
   confirm	
  your	
   solutions.	
  After	
   an	
  
additional	
   45	
  minutes,	
   your	
   team	
  must	
   submit	
   the	
  marked-­‐up	
  problem	
   sets	
   together	
  with	
   completed	
   reflection	
  
sheets	
  for	
  the	
  entire	
  team	
  and	
  a	
  team	
  scoring	
  sheet.	
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   is	
   the	
   team’s	
   responsibility	
   to	
   ensure	
   that	
   all	
   team	
   members	
   hand-­‐in	
   complete	
   and	
   completely	
   marked	
   up	
  
solutions	
  together	
  with	
  a	
  completed	
  reflection	
  sheet,	
  because	
  your	
  team’s	
  submitted	
  work	
  will	
  result	
  in	
  a	
  shared	
  
team	
  score.	
  This	
  means	
  that	
  if	
  you	
  do	
  not	
  put	
  in	
  adequate	
  effort	
  before	
  the	
  Team/Reflect	
  phase,	
  you	
  will	
  lower	
  not	
  
only	
  your	
  own	
  score,	
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  also	
   that	
  of	
  your	
   team	
  members.	
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   it	
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   to	
  ensure	
   that	
  everyone	
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  team	
  marks	
  his/her	
  work	
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  correctly	
  during	
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  in	
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   and	
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  with	
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  completed	
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  team’s	
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  work	
  will	
  result	
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  This	
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  that	
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  before	
  the	
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only	
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  also	
   that	
  of	
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   it	
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  ensure	
   that	
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  on	
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  marks	
  his/her	
  work	
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  during	
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  Team/Reflect	
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Important:	
  Writing	
  on	
  the	
  problem	
  set	
  in	
  class	
  in	
  any	
  other	
  color	
  but	
  red	
  will	
  be	
  considered	
  academic	
  dishonesty.	
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The	
  goal	
  of	
   the	
  problem	
  sets	
   is	
   to	
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  problem-­‐solving	
  skills,	
  not	
   just	
   to	
   test	
  your	
  ability	
   to	
  obtain	
   the	
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  You	
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  sets	
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and	
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  must	
  attempt	
  to	
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  using	
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  following	
  
4-­‐step	
  procedure	
  (see	
  Section	
  1.8	
  in	
  the	
  textbook	
  for	
  additional	
  details)	
  
	
  
Getting	
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   State	
   the	
   important	
   information	
  and	
   summarize	
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  problem.	
   If	
   possible,	
   include	
  a	
  diagram.	
  

Note	
  any	
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  you’re	
  making.	
  	
  
	
  
Devise	
  Plan	
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  attack	
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  Break	
  down	
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  into	
  smaller,	
  

manageable	
  segments.	
  Identify	
  which	
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  you	
  can	
  apply.	
  
	
  
Execute	
  Plan	
   Carry	
  out	
  your	
  plan,	
  explaining	
  each	
  step.	
  The	
  argument	
  should	
  be	
  easy	
   to	
   follow.	
  Articulate	
  

your	
   thought	
   process	
   at	
   each	
   step	
   (including	
   roadblocks).	
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   should	
   be	
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defined,	
  and	
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  should	
  be	
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Evaluate	
  Answer	
   Check	
  each	
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  for	
  reasonableness.	
  There	
  are	
  many	
  ways	
  to	
  justify	
  your	
  reasoning:	
  check	
  

the	
   symmetry	
   of	
   the	
   solution,	
   evaluate	
   limiting	
   or	
   special	
   cases,	
   relate	
   the	
   solution	
   to	
  
situations	
  with	
  known	
  solutions,	
  check	
  units,	
  use	
  dimensional	
  analysis,	
  and/or	
  check	
  the	
  order	
  
of	
  magnitude	
  of	
  an	
  answer.	
  

	
  
You	
  can	
  consult	
  the	
  textbook	
  and	
  online	
  resources,	
  and	
  you	
  may	
  consult	
  the	
  teaching	
  staff	
  by	
  posting	
  questions	
  to	
  
the	
  Problem	
  Set	
  Discussion	
  on	
  the	
  course	
  Web	
  site.	
  However,	
  you	
  may	
  not	
  consult	
  other	
  people,	
  nor	
  collaborate	
  
with	
  your	
  peers.	
  It’s	
  ok	
  to	
  try	
  hard	
  and	
  not	
  succeed	
  at	
  first	
  (only	
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  effort	
  is	
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  but	
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  must	
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every	
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   If	
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   find	
   that	
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  sets	
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   set	
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   together	
  with	
   completed	
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  because	
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  result	
  in	
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  means	
  that	
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  before	
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   that	
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  marks	
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  work	
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  correctly	
  during	
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Important:	
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  problem	
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  class	
  in	
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  other	
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  will	
  be	
  considered	
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  sets	
  a	
  week	
  before	
  they	
  are	
  due.	
  Each	
  problem	
  sets	
  involves	
  both	
  individual	
  
and	
  team	
  work.	
  	
  
	
  
Individual	
  phase	
  (at	
  home):	
  From	
  the	
  time	
  you	
  receive	
  a	
  problem	
  set	
  to	
  the	
  time	
  it	
  is	
  due	
  in	
  class	
  at	
  10	
  am,	
  you	
  are	
  
to	
   work	
   on	
   the	
   problem	
   set	
   alone.	
   The	
   work	
   you	
   complete	
   during	
   this	
   phase	
   will	
   be	
   evaluated	
   on	
   effort,	
   not	
  
correctness.	
  You	
  may	
  only	
  use	
  blue	
  or	
  black	
  ink	
  and	
  you	
  must	
  attempt	
  to	
  solve	
  each	
  problem	
  using	
  the	
  following	
  
4-­‐step	
  procedure	
  (see	
  Section	
  1.8	
  in	
  the	
  textbook	
  for	
  additional	
  details)	
  
	
  
Getting	
  Started	
   State	
   the	
   important	
   information	
  and	
   summarize	
   the	
  problem.	
   If	
   possible,	
   include	
  a	
  diagram.	
  

Note	
  any	
  assumptions	
  you’re	
  making.	
  	
  
	
  
Devise	
  Plan	
   Devise	
  a	
  plan	
  of	
  attack	
  before	
  diving	
  into	
  the	
  solution.	
  Break	
  down	
  the	
  problem	
  into	
  smaller,	
  

manageable	
  segments.	
  Identify	
  which	
  physical	
  relationships	
  you	
  can	
  apply.	
  
	
  
Execute	
  Plan	
   Carry	
  out	
  your	
  plan,	
  explaining	
  each	
  step.	
  The	
  argument	
  should	
  be	
  easy	
   to	
   follow.	
  Articulate	
  

your	
   thought	
   process	
   at	
   each	
   step	
   (including	
   roadblocks).	
   Any	
   variables	
   should	
   be	
   clearly	
  
defined,	
  and	
  your	
  diagrams	
  should	
  be	
  labeled.	
  

	
  
Evaluate	
  Answer	
   Check	
  each	
  solution	
  for	
  reasonableness.	
  There	
  are	
  many	
  ways	
  to	
  justify	
  your	
  reasoning:	
  check	
  

the	
   symmetry	
   of	
   the	
   solution,	
   evaluate	
   limiting	
   or	
   special	
   cases,	
   relate	
   the	
   solution	
   to	
  
situations	
  with	
  known	
  solutions,	
  check	
  units,	
  use	
  dimensional	
  analysis,	
  and/or	
  check	
  the	
  order	
  
of	
  magnitude	
  of	
  an	
  answer.	
  

	
  
You	
  can	
  consult	
  the	
  textbook	
  and	
  online	
  resources,	
  and	
  you	
  may	
  consult	
  the	
  teaching	
  staff	
  by	
  posting	
  questions	
  to	
  
the	
  Problem	
  Set	
  Discussion	
  on	
  the	
  course	
  Web	
  site.	
  However,	
  you	
  may	
  not	
  consult	
  other	
  people,	
  nor	
  collaborate	
  
with	
  your	
  peers.	
  It’s	
  ok	
  to	
  try	
  hard	
  and	
  not	
  succeed	
  at	
  first	
  (only	
  your	
  effort	
  is	
  evaluated),	
  but	
  you	
  must	
  attempt	
  
every	
   problem.	
   If	
   you	
   reach	
   the	
   Evaluate	
   stage	
   and	
   find	
   that	
   your	
   answer	
   does	
   not	
   seem	
   reasonable,	
   try	
   to	
  
describe	
  your	
  thought	
  process	
  so	
  you	
  are	
  prepared	
  for	
  a	
  discussion	
  with	
  your	
  team	
  in	
  class.	
  	
  
	
  
Team/Reflect	
   phase	
   (in	
   class):	
   On	
   the	
   due	
   date	
   of	
   the	
   problem	
   set,	
   you	
  will	
   work	
   with	
   your	
   team	
   in	
   class	
   to	
  
improve	
  and/or	
  correct	
  your	
  solutions,	
  reflect	
  on	
  your	
  work,	
  and	
  determine	
  what	
  you	
  need	
  to	
  review.	
  During	
  this	
  
stage,	
  you	
  may	
  only	
  use	
  red	
   ink	
   to	
  write	
  on	
  your	
  problem	
  sets	
  (pens	
  will	
  be	
  provided	
  in	
  class).	
  After	
  the	
  first	
  45	
  
minutes,	
   your	
   team	
  will	
   be	
  provided	
  with	
  a	
   solution	
   set	
  which	
   you	
  may	
  use	
   to	
   confirm	
  your	
   solutions.	
  After	
   an	
  
additional	
   45	
  minutes,	
   your	
   team	
  must	
   submit	
   the	
  marked-­‐up	
  problem	
   sets	
   together	
  with	
   completed	
   reflection	
  
sheets	
  for	
  the	
  entire	
  team	
  and	
  a	
  team	
  scoring	
  sheet.	
  
	
  
It	
   is	
   the	
   team’s	
   responsibility	
   to	
   ensure	
   that	
   all	
   team	
   members	
   hand-­‐in	
   complete	
   and	
   completely	
   marked	
   up	
  
solutions	
  together	
  with	
  a	
  completed	
  reflection	
  sheet,	
  because	
  your	
  team’s	
  submitted	
  work	
  will	
  result	
  in	
  a	
  shared	
  
team	
  score.	
  This	
  means	
  that	
  if	
  you	
  do	
  not	
  put	
  in	
  adequate	
  effort	
  before	
  the	
  Team/Reflect	
  phase,	
  you	
  will	
  lower	
  not	
  
only	
  your	
  own	
  score,	
  but	
  also	
   that	
  of	
  your	
   team	
  members.	
   Likewise,	
   it	
   is	
   important	
   to	
  ensure	
   that	
  everyone	
  on	
  
your	
  team	
  marks	
  his/her	
  work	
  up	
  correctly	
  during	
  the	
  Team/Reflect	
  phase.	
  
	
  
Important:	
  Writing	
  on	
  the	
  problem	
  set	
  in	
  class	
  in	
  any	
  other	
  color	
  but	
  red	
  will	
  be	
  considered	
  academic	
  dishonesty.	
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in class: 

mark up/improve solutions

complete reflection sheet
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 phase credit

 solve (at home/individual) 50%

 reflect (in class/team) 50%
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“I was inspired and encouraged to do these 

problems on my own with the promise of 

collaborative work [the next day]”
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“I felt less pressure to find the right answer

and more freedom to explore”
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In-class activities

Instructor poses question

Answer alone

Discuss in team

Answer again

Work on worksheet with team

Explore concepts

Discuss with staff

bring device

ap
p

ly
u

n
d

er
st

an
d

ev
al

u
at

e

LC: Learning Catalytics 90 min Tutorial 60 min

bring device

Estimate quantities

Develop individual strategy

Discuss and solve as team

Conduct experiment with team

Take measurements

Analyze data

Carry out simulations

EA: Estimation Activity 30 min EDA: Experimental Design Activity

bring device

Work problems alone BEFORE class

Discuss with team, mark up

Self-assess & turn in

Part 1: solve problems alone

Open book, open internet

Part 2: solve with team

Problem Set & Reflection 90 min RAA: Readiness Assurance Activity

90 min

90 min
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goal: formative assessment

collaborative learning
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Self, Peer, and Team assessment



Self	
  Assessment	
  
	
  
	
   	
  

	
  
	
  
Self	
  Assessment	
  (you!)	
  

N
ev

er
	
  

Ra
re

ly
	
  

So
m

et
im

es
	
  

Ab
ou

t	
  h
al

f	
  t
he

	
  ti
m

e	
  

M
os

t	
  o
f	
  t

he
	
  ti

m
e	
  

Al
l	
  o

f	
  t
he

	
  ti
m

e	
  

1.	
   I	
  participate	
  fully	
  in	
  team	
  activities	
   	
   	
   	
   	
   	
   	
  
2.	
   I	
  come	
  to	
  class	
  well-­‐prepared	
  for	
  all	
  team	
  activities	
   	
   	
   	
   	
   	
   	
  
3.	
   I	
  communicate	
  effectively	
  and	
  respectfully	
  with	
  team	
  members:	
  

• I	
  express	
  my	
  opinions	
  respectfully	
  and	
  with	
  clarity	
  
• I	
  listen	
  respectfully	
  to	
  the	
  perspectives	
  and	
  contributions	
  of	
  others	
  
• I	
  collaborate	
  effectively	
  with	
  team	
  members	
  to	
  make	
  decisions	
  and	
  

resolve	
  conflicts	
  

	
   	
   	
   	
   	
   	
  

4.	
   Attendance:	
  
• I	
  am	
  present	
  for	
  team	
  activities	
  
• I	
  am	
  on	
  time/punctual	
  

	
   	
   	
   	
   	
   	
  

5.	
   I	
  take	
  responsibility	
  for	
  my	
  own	
  part	
  of	
  team	
  work	
  and	
  decision-­‐making	
   	
   	
   	
   	
   	
   	
  
6.	
   I	
  am	
  open	
  to	
  change	
  and	
  willing	
  to	
  re-­‐evaluate	
  my	
  own	
  position	
  in	
  light	
  of	
  

new	
  information	
  from	
  others	
  
	
   	
   	
   	
   	
   	
  

	
  
7.	
   Please	
  describe	
  one	
  thing	
  that	
  you	
  think	
  you	
  do	
  well,	
  that	
  helps	
  to	
  make	
  your	
  team	
  more	
  effective	
  
	
   	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

8.	
   Please	
  explain	
  what	
  you	
  think	
  you	
  should	
  do	
  to	
  become	
  a	
  more	
  effective	
  part	
  of	
  the	
  team	
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Team, Peer, and Self assessment



	
  
Team	
  assessment	
  
	
  
1.	
  Please	
  rate	
  the	
  team	
  overall	
  
	
  

My	
  team:	
  
	
  

1. rocked!	
  
2. worked	
  well	
  together	
  
3. was	
  ok	
  
4. was	
  problematic	
  
5. was	
  absolutely	
  horrendous	
  

	
  
2.	
  Describe	
  what	
  worked	
  well	
  in	
  the	
  team:	
  
	
  
3.	
  Describe	
  what	
  didn’t	
  work	
  in	
  the	
  team:	
  	
  
	
  
4.	
  Relative	
  contributions	
  
	
  
How	
   much	
   did	
   each	
   team	
   member	
   contribute	
   to	
   the	
   overall	
   goals?	
   Please	
   note	
   that	
   the	
   sum	
   of	
   all	
   relative	
  
contributions	
  must	
  be	
  zero	
  —	
  if	
  one	
  person	
  did	
  more	
  than	
  his/her	
  fair	
  share,	
  then	
  others	
  must	
  have	
  done	
  less.	
  
	
  
	
  
	
  

RELATIVE	
  CONTRIBUTION	
  

	
   Less	
  than	
  fair	
  share	
   	
   More	
  than	
  fair	
  share	
  
	
   Almost	
  

nothing	
  
Much	
  
less	
  

Somewhat	
  
less	
  

Fair	
  share	
   Somewhat	
  
more	
  

Much	
  
more	
  

Almost	
  
everything	
  

Self	
   	
   	
   	
   	
   	
   	
   	
  

Member	
  1	
   	
   	
   	
   	
   	
   	
   	
  

Member	
  2	
   	
   	
   	
   	
   	
   	
   	
  

Member	
  3	
   	
   	
   	
   	
   	
   	
   	
  

Member	
  4	
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Team, Peer, and Self assessment



4/7/15, 10:16 PM

User Assessment

Page 1 of 3

http://moxie.cs.oswego.edu/~earlyjp/surveys/userReport.php

Assessment Report

Assessment of You

You

Average
Peer 

Assessment

Self
Assessment

1. Participate fully in team activities

4.67
4

2. Come to class well-prepared for all team activities

4.67
4

3. Communicate effectively and respectfully with team members:

Express your opinions respectfully and with clarity

Listen respectfully to the perspectives and contributions of others

Collaborate effectively with team members to make decisions and

resolve conflicts

4.83
4

4. Attendance:

You are present for team activities

On time/punctual

4.83
5

5. Take responsibility for your own part of team work and decision-

making

4.83
4

6. Are open to change and willing to re-evaluate your own position in

light of new information from others

4.67
4

Scale: 0 = Never, 1 = Rarely, 2 = Sometimes, 3 = About half the time, 4 = Most of the time, 5 = All of the

time

Your team members praise you for helping make your team more effective in the following ways (the quotes

are in random order):

You were great to work with and a true team player!

Jacob, Your ideas were a great contribution to our team.

You come up with good ideas

1  design                            2   approach

Team, Peer, and Self assessment
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User Assessment

Page 1 of 3

http://moxie.cs.oswego.edu/~earlyjp/surveys/userReport.php

Assessment Report

Assessment of You

You

Average
Peer 

Assessment

Self
Assessment

1. Participate fully in team activities

4.67
4

2. Come to class well-prepared for all team activities

4.67
4

3. Communicate effectively and respectfully with team members:

Express your opinions respectfully and with clarity

Listen respectfully to the perspectives and contributions of others

Collaborate effectively with team members to make decisions and

resolve conflicts

4.83
4

4. Attendance:

You are present for team activities

On time/punctual

4.83
5

5. Take responsibility for your own part of team work and decision-

making

4.83
4

6. Are open to change and willing to re-evaluate your own position in

light of new information from others

4.67
4

Scale: 0 = Never, 1 = Rarely, 2 = Sometimes, 3 = About half the time, 4 = Most of the time, 5 = All of the

time

Your team members praise you for helping make your team more effective in the following ways (the quotes

are in random order):

You were great to work with and a true team player!

Jacob, Your ideas were a great contribution to our team.

You come up with good ideas
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Team, Peer, and Self assessment

• You were great to work with and a true team player! 

• Your ideas were a great contribution to our team

• You come up with good ideas

• You were really easy to work with and had a  

contagious enthusiasm 
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Assessment Report

Assessment of You

You

Average
Peer 

Assessment

Self
Assessment

1. Participate fully in team activities

4.67
4

2. Come to class well-prepared for all team activities

4.67
4

3. Communicate effectively and respectfully with team members:

Express your opinions respectfully and with clarity

Listen respectfully to the perspectives and contributions of others

Collaborate effectively with team members to make decisions and

resolve conflicts

4.83
4

4. Attendance:

You are present for team activities

On time/punctual

4.83
5

5. Take responsibility for your own part of team work and decision-

making

4.83
4

6. Are open to change and willing to re-evaluate your own position in

light of new information from others

4.67
4

Scale: 0 = Never, 1 = Rarely, 2 = Sometimes, 3 = About half the time, 4 = Most of the time, 5 = All of the

time

Your team members praise you for helping make your team more effective in the following ways (the quotes

are in random order):

You were great to work with and a true team player!

Jacob, Your ideas were a great contribution to our team.

You come up with good ideas
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Team, Peer, and Self assessment

• You were great to work with and a true team player! 

• Your ideas were a great contribution to our team

• You come up with good ideas

• You were really easy to work with and had a  

contagious enthusiasm 

“I felt as if I was able to effectively communicate my 

ideas, even though they may have been wrong...  

(still good for discussion, right?)”
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Assessment Report

Assessment of You

You

Average
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Assessment

Self
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1. Participate fully in team activities

4.67
4

2. Come to class well-prepared for all team activities

4.67
4
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Express your opinions respectfully and with clarity

Listen respectfully to the perspectives and contributions of others
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4.83
4
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You are present for team activities
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4.83
5

5. Take responsibility for your own part of team work and decision-

making

4.83
4

6. Are open to change and willing to re-evaluate your own position in

light of new information from others

4.67
4

Scale: 0 = Never, 1 = Rarely, 2 = Sometimes, 3 = About half the time, 4 = Most of the time, 5 = All of the

time

Your team members praise you for helping make your team more effective in the following ways (the quotes

are in random order):

You were great to work with and a true team player!

Jacob, Your ideas were a great contribution to our team.

You come up with good ideas
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Team, Peer, and Self assessment

• I would suggest being more responsive throughout 

the project process.

• Sometimes you’re not engaged in activities

• It was hard to understand what you actually thought 

about an idea or project 

• You could be more reasonable about what is actually 

feasible and what isn’t
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Assessment

self-directed learning

NB annotations

lowest
score

table
lookup

Scale: 3–0 Scale: 3–0 Scale: A–E

A 2, 2, 2, 2
A– 2, 2, 2, 1
B+ 2, 2, 1, 1
B 2, 1, 1, 1
B– 1, 1, 1, 1
C one zero
D two zeroes
E more than two zeroes

Problem sets

RAAs

Project report

Project presentation

Peer Assessment

Participation

Punctuality

Ethics

team work

learning goals

letter grade

professionalism
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Assessment
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Ownership
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Ownership

Course evaluation: 4.2/5 



1  design                            2   approach                   3   results

Ownership

“The structure of the class made what was my 

least-favorite subject into one of my favorites.
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Ownership

“The structure of the class made what was my 

least-favorite subject into one of my favorites. 

I was worried that people, including myself, 

would just slack off and do the bare minimum, 

but you really need to be on top of your read-

ings and concepts in order to contribute to your 

team. GREAT CLASS!!!!!!”
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Ownership

“Dear Harvard students, this class will be un-

like any class you’ve taken at Harvard, and it 

will, hopefully, shift the entire foundation upon 

which you’ve based your education. I truly be-

lieve everyone should take this course; prepare 

to take full ownership of your learning.”
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Ownership

Attendance: 94% (AP50a), 97% (AP50b)
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Ownership

Attendance: 94% (AP50a), 97% (AP50b)

3 hours and they don’t leave!
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Ownership

“I don’t think I am well enough to make

it through class. I feel terrible because I

don’t want to let my team down by not

being there, but I don’t think I’d be very

helpful in my current state.”

(via email)
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Self-efficacy
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Self-efficacy

(students’ belief in their ability to succeed)
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Self-directed learning
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Self-directed learning

NB data shows:

• student spend on average 2.3 hrs/chapter

• 600–700 annotations/chapter (8–10/stu)
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Conceptual Mastery
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Conceptual Mastery
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largest conceptual gain in any course past 6 yrs!
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Conceptual Mastery
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as good as when I do my best teaching!
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Can create ownership of learning physics!
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Can create ownership of learning physics!fun!
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”you come out with so much know- 

ledge and experience and fun”
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for a copy of this presentation:

ericmazur.com

Follow me!            @eric_mazur




