Appendix C: Full Interview Transcripts of the Interviews Used in the
Dissertation: Advanced Students

Picture from the problem shown in Figure 5 — 1.
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" Peter" (11/12/98)
(reads question)
a) (Draw a freebody diagram)
P: Sothis point represents a bock —thisis the normal force—weight and
[pause — looks badk at question] [draws in aforceto the right and aforceto
the left labeled friction] ... thisis2 N [writes 2N on the forceto theright] —
dol haveto drawit to scale? | guessthisis—it probally travdsat a
constant vdocity —right? F equasF. F big equdsF small amplitude.
I: How did you know it travds at constant ve ocity?
P: Umm—actualy | don't —thereisnoindicationthat it travds—it might
be having some accderation —there is not enoughinformation so —it is not
necessarily —

I: You aetold that the block starts at rest at point A andthe force of the hand
remains constant — andit comesto rest at point C.

P: Okay.
I: Andthe hand appies that forcethroughou the whole time.
P: ...what isthe question?

I: Calculate the mefficient of kinetic friction.
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P: So—... Sowe haveto write out in comporents the NIl law which would be
—x comporent is— F minus F of kinetic friction equds the accderation
which isgoing to be negative because my xaxisisto the right — so [draws an
axis labeled +x to the right] — sincethe objed comesto rest moving from B to
C the accderationisin the negative xdiredion dthoughthe sign d the
accderationwill —eventually determined at the end —

I: ... Before youwere saying the accderation was 2ro —

P: No—you'reright —because since... you panted ou that the force was
acting throughou the motion. Sosincethereisnomotioniny comporent the
normal force... isbaanced by weight which isN equds mg —so we anwrite
F minus tx N equas minus ma —so we haveto find a navand—we are
goingto doit in the following way — | guess— Sowe are going to find the
veocity at point B—thiswill be w + v squared will be equd to v, squared
plus2a’ times the distance of AB times 1 meter where a’ isforce over mass—
sincethe force—sincethe only force acting onthe segment of the distance
fromAto B isF equdsto 2 Newtons —so we have 2 Newtons over 1 kilogram
— s0 we have 2 Newtons per kilogram andwe anfind v, —it’s z2ro —it
startsfromrest. ... Sotherefore ks squared is4 ... So—andthen find a... we
have—we @n wse the same formula —it will be —if vis zro minus v
squared over 2 times 1 meter —so it will be minus 4 over 2 —whichisthe
same accderation— but oppasite sign ... and nav we @n dugit backinto
thisequation [pointsto F - uxN = —ma] for the forceandthe wefficient of
friction andso we have 2 Newtons —we are going to pu numbers immediately
—2minus i will be equd to F plusma over N — i is 2 Newtons plus ...I'm
using here the absolute \alues of the accderation over the 10 ... D weare
goingto have0.4.

I: How does the net forceat M compare to the net forceat P?

P: Umm—the net forceat P is snaller than @ M — by the amourt of the
kinetic friction. The net forceis gnaller by thisamount because —the y
comporents of the two forcesare ancded ou. Sothe only difference—they
will be ancdled ou at point A too— andthe only difference mmes at point P
because of the introduction of the forceof friction, which isdireded oppaite
to the appied force

I: Socanyou draw me a vedor for the net forceat point P— how would that
look?

P: It would look — almost caugh me there — yeah the force of frictionis

bigger thanthe force—thisis net force—sincethe accderationis negative—
so negative ydiredion — net force— according to the famous Newton's
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secondLaw shoud ... I'll put it hereto suppat my statement —the net force
shoud bein the same diredion as accderation —

I: Samediredion as accderation—so thisisthe net forceat P — how abou
at M?

P: 1t would be to the right because thisis the only force—we havenofriction
here so thisis P andthisis M —withou scale —thisis 2 Newtons —thisis
the difference between 2 Newtons andforceof friction—.4 times N whichis4
—actudly it is2 Nemons also —

I: So havdoes the magnitude of this guy [ points to the net forceat P] compare
to this[points to the net force @ M]?

P: Thesame—... i is.4 —coefficient of frictionis.4 andN is 10 andthat is
why we saw that the accderation between A andB is positive 2 meters per
seond andthe accderation from B to C isnegative2. Sofar we did na find
any discreparcies from Newton's ssoond Law.

I: Before youwere saying that the net forceat P was lessbecuse friction
oppcsed —

P: It isnot necessarily that — I hadthe impulse to say that the forcewas

pointing to the right because | acddentally assumed 2 Newtons minus the
frictiond forcewould be till positivebut | revesed the statement.
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" Granola" (11/12/98)
(reads question)
a) Draw afreebody diagram for the block whenit isat “P.”

G: Okay when it isa P —freebody diagram represented as a pdnt mass—
there will be a Normal force— no— a force of gravity acting down onthe
block —there will be a namal forceacting up—there will be the force of the
hand pshingit to the right — andthere will be a forcedueto friction pushing
the oppasite diredion—becuseit’sin P which isthe part with friction—1I'm
asuming — so four forces.

b) Calculate the wefficient of kinetic friction .

G: ... Alright — 1 kilogram —what’ s it moving — okay 2 Newtons — okay —
you start at B so it’smoving a point B—there will be 2 Newtons, normal,
gravity andthen the final position—does it come to rest? Ok it comesto rest
at point C. So d point C it comesto rest which meansthat at point C the force
of the hand

I: Sothisisafreebody diagram [l point to the new freebody diagram that has
no friction forcg.

G: —at B —then that iswhat is between B and C andthen over here —free
body diagram here would be this andthe hand andtriction would be the same
—beauseit isat rest —andthese will be the same. Sowhat isit?

I: If I compare the hand andhe friction here— how do they @mpare?

G: At P? The handshoud be greater becauseit is gill moving because it goes
fromB to C andit comesto rest at C. Tryingto think what frictionis—
frictionis—the wefficient of frictionisforce equd to forcegravity —|I forget
which oreit is—

I: That isactually the normal.

G: —nomal right —theyare almost always the same —right? The normal
and gavity?

I: 1t depends.
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G: ... ©theforceof thefrictionisequd to some wefficient of the normal
forcewhich will be 9.8 Newtons ...—

[: What is 9.8 Newtons?

G: 1 kilogram block — The force Normal shoud be 9.8 domn so that isgoing
to be 9.8 up andforceof frictionwould haveto be 2 Newtons—that’s 9.8 so 2
over 9.8 equds . I'mall confused —maybe I'msicke thanl thougtt. | fed
retarded nov —that happens often. ... Sanethingisnot right —

I: ...whydontyoulikeit?

G: | don't know —there shodd be the force of the handin there somewhere

I: What isthat 2 Newtons [pointsto 2 N in the equation Granola has just
written] ?

G: That isthe force of the hand — ohwhen that equds —we want to find
when thisisequa — oh no—that’ s nat right at all —thisisthe problem here
—that iswhat it looks like over here [pointsto point C on the diagram] —

I: Right at paint C?

G: Yeah. Sowait maybe that shoud beright. [pause] That'snot right at all
— ... it doesn’t seemright to me —just giveme a secmnd—1 just started to
solveit assuming it would be easy —then realized maybe it wasn't as easy as|
though. Could dso dothe work —the work from here [pointsto point A] to
there [points to point B] — nothat’s gat nothing to dowith it —no—friction
— 2 Newtons —the force of the handremains constant — because according
to this—thiswouldn't be stopped there — it would stop there if thiswere the
case — ... if thiswere the aseif it was 9.8 Newtons and 2Newtons because
that isthe same drcumstancethat we haveat B —so it would stop & B the
way | haveit set up—why would it stop & C? Thereis asmething abou the 1
meter that I’ mnot getting — I’ mnat thinking very well. There hasto be
something to dowith ... the vdocity —with the handforcel’ mthinking—so |
think —thereis smething to dowith friction appaently —I' ve never dore
friction —[pause] | don't know — do you want to come back to this one.

I: ...l give him the long version] — Thisisthe same thing bu it has parts ...
—You dd pat A already so hov abou part B.

b) Isthe magnitude of the net force ating on the block at “M” greaer than,

lessthan, or equal to the magnitude of the net force ating at “P’? Explain
your reasoning.
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G: ...well these ancd at M so it would just be likethat so the net forcewould
be likethat at M [draws vedor to the right] —at P there shoud be the same
normal and gavitationd force shoud be the same because it is not moving up
or down. But this soud be less[draws snaller net force vedor to the right]
because it will be deaeased by the ... frictiond force

c. i. Draw avedor representing the accéeration of the block at “P.” If the
acceeration is zero state that explicitly.

G: Thereisaforceonit —thereisa net forceonit so it shoud be
accderating—|I’mguessng ...

I: How did you know it was to the right?

G: The greatest friction could be —friction can't push something backwards
so friction can keg something & rest but it can't push something backwards
—lessthan o equd to —it isalessthan a equd to force—yeah—1 don't
know —... I’ ve neve: known something to move backwards because of friction.

c. ii. Doesthe magnitude of the accéeration increase, deaease, or remain the
same & the block movesfrom“B” to “C”? Explain.

G: It deaeases —the accderation — because the force deaeases —
I: Which force deaeases?

G: Thenet force... —it shoud — at some point the net forcehasto be equd
to zero —the net forcehasto be equd to zero.

I: Why isthat?

G: Beause the hand andhe frictiond forcewill cancd out because it saysiit
isat rest at point C ... So ceaeases—cause ...

d. Calculate the wefficient of kinetic friction p.

G: | think it isthe same problem — I’ m drawing acomplete blank here.
I: What is Newton's SeaondLaw ... ?

G: The seondlaw?

I: The sum of the forces —
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G: The sum of the forcesisequd to zero for a body at rest. —1 don't know
the second law.

I: What is happening to the veocity as the block goes from B to C?

G: It isdeaeasing—wait — oh no—the véocity here [pointsto point A] is
goingto be —whateve — 2 N over 1 meter —

I: ...Why isthat the véocity?

G: No—you can ¢t the vdocity —what isit vsquared over ...d —

I: Equds?2 a

G: Yeah so v squared will be 2 a dso 2 Newtons over the masswhichis 1
kilogram — ... mething likethat — ... vdocity at B —the veéocity at C — at
C the véocity is Zro becauseit isnat moving. What is the question?

I: Calculate p.

G: Okay —it goesfromroot 2 meters per seandto O meters per second— ...
so if there was a constant accderationfromB to C it would look like. . .so it
would havethe same accderation here [pointsin region between B and A] as
it did before —that’s not the caase —

I: How do you know that is not the case?

G: Beause it hasthefrictiond forceacting backwards  can't use that.

I: Newton's ondlawis sim of the forces equas masstimes accderation.
G: Ok—

I: ... Doesthat comeinto play here?

G: ... Sumof the forces equds masstimes accderation — so the accderation
—oh—...thisaccderationwould be [pauseg] this accderation hasto be the
same asthisone —if it goesfrom 0 to 2— 0 to whateve here [pointsto
region from A to B] andthen goes from here to there [pointsin region from B
to C] in the same distance— same force—

I: ...that'sdifferent then what you said before —right?

G: Before| said it couldn’t be the same.

I: Nowyou ae saying the same force?
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G: No —1I guess—1 guessit hasto havethe same net accderation —if it
goesfromOtoroot 2—or 0to v here andthen gcesfromyv to zero that way —
it shoud havethe same accderation gangthis diredion —excet the
accderationwould be in the oppasite diredion —so —

I: Soyou re saying the accderationwould be this way now [gestures to the
left] in this region[points at BC region]?

G: Yes—inthis region— ... It is different then what | said over here —1I said
this coefficient of frictionwould be lessthansinceit was gill movingto the
right — I’ mreally confused — I’ m confusing myself —that was over here
actually.

I: —and here for part C when you were drawing the accderation.
G: Yeah—it’snot accderating & all in that diredion—
I: How doyou know it is not accderatingin that diredion?

G: It would still be moving & this point [points to point C] if it were
accderatingin that diredion—it would be moving faster in here then it was
before —that was dumb —nat dumb but ... $ nov we got it going backwards
because it goesfromvto 0—the dhange in veocity isaccderation—all that
—s0 sum of the forces— masstimes accderation — | guessthis accderation
[pointsto region BC] hasto be equd to the accderation here [pointsto region
AB] which is 2 Newtons —

I: How did you know that?

G: It goes from zero to vdocity andthen from the same véocity to zero —this
force—thisaccderation hasto be the same asit is up there —it’ s the same
mass— same mass— same accderation —it shoud be the same forceasit is
up here —which isthe same as—

I: ...I1sit alwaystruethat if | gofrom O to acertain vdocity —1I' Il havea
certain accderation—andmaybe I'mdriving my car the next day andl go
agan from O to that same veocity —is my accderation dways the same?

G: No —nat necessarily —it could be —1I guessit would be — something like
the same average accderation — nat average — net accderation—if you
didn't know anything abou in between rest point and gang fifty milesan hou
or whatever andyou ddn't know anything abou those two andyou dd it in
the same amourt of time — ... you could —if you ddn't know anything else
abou in—between you could guessthat it was constant accderation — but you
could speal up andslow down — andspeed up andslow down — 1 don't know
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—I'mtryingto think if that hasto dowith anything here. Thisisactualy one
of thefirst times I’ ve actually hadto solvea problemwith friction —if that
helpsat all. Thereisa story behindit.

I: ...I'dliketo hear it —maybe after —

G: ... So novgo back over here —this—the forcefrictionisequd —to u
times the force normal andthis forceof friction we got was equd to —this
accderationis the same as the accderation from A to B which was 2 Newtons
over —... thisforcewasequd to 2N and... meters per secondsquared isthe
accderation andwe got that multiplied by the klograms  that is 1 Newton —
| guess— I think —same klogram —ohthat’'s 2 — 2 meters per semnd—so
the accderationis 2 Nemons backwards —is the forcenormal —no—isthe
forcefriction—

I: Theforceof frictionis 2N backwards?

G: 2 Newtons ...—1 said the accderation hasto be the sameiif it was constant
—the accderation hadto be the same from here [points to point A] to here
[pointsto point C] — becuse the véocities — so we have 2 meters per second
squared isthe accderation —it’ s the same mass ® we have 2 Newtonsisthe
forceof friction— andthe forcenormal isequd to 1kilogramtimes
gravitation, 9.8 meters per seaondsquared so | got the same thing as | had
before. Umm— ... same as beforewhich is2 N divided by 9.8 N —but till it
doesn’'t seem —

I: You're not happy with it?
G: | don't know. | guessthat’s right.

I: So lere you havea freebody diagram at P —so you are saying the force of
frictionis—canyou pu numbers on dl of these [pointsto the forces on free
body diagram.]

G: Yeah—before | hadit increasing because | wasinitially thinking o
friction keing veocity dependent because — it always srows upin dfferential
equationsasa vdocity ... dependent thing— ... hereit’snot really vdocity
dependent —it’ sjust sort of a constant frictiond force— so yeah —there
shoud be —that’snot right either — because — no—yeah— ... thereisan
initial vdocity at B so — but then agan thereisnoforceso it shoud just ke
moving — so thishasto be — 4 Newtons ...

I: How did you know it hadto be 4 Newtons?

G: Becuseit hadto be 2 Newtons backwards.
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I: What hadto be 2 N backwards?

G: Theforceof frictionin order to get it to stop ... the net force—the net force
was 2 Newtonsin arder to get a net accderation acting backwards to get the
veocity to gofrom 0 to v andwe wart it to gofromv to 0so we had some
accderation here —makea backwards arrow andwe hadto havethe same
accderationtherein order to get that same accderation—we hadto havea
greater net forcein the oppdasite diredion. So navl’vegot pequas4 N over
9.8 — ... that sounds better.
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"Erica" (11/12/98)

(reads problem)
a) Draw afreebody diagram for the block whenit isat “P.”
E: ... At P we havethe friction andthere’ s the handso —thisis the block and

the handis pushing it thisway — andwe have—thisisthe hand anahisis
mg andthe frictionisthisway —...

b) Calculate the aefficient of kinetic friction .

E: Okay — so friction equds uN —friction equds p kinetic N andthisisthe
forceof the hand— andwe would liketo sum the forcesin the xdiredion —
so the force of the handis 2 Nemtons — so 2 Newtons equas Normal u kinetic

I: How did you know that?

E: Beause— You real to sumall the forcesin the xdiredion—andif you
sum them you just write 2 N minus F friction equads z2ro — sum of the forces
in the xdiredion equds force of handminus forceof friction, equas — wait
—isit moving?...no—Dbu it'snot accderating ... it’s constant forceso it’s
equd zero. Okay —so forcenormal isjust —it’sforcenormal that the table
isproviding so it’s equa to mg —so that’s mg — so L« equas 2 dvided by mg
—andmassis 1 kilogram —that’'s 2 dvided by 9.8 whichisabou 0.2 —
Newtons divided by ...

I: How does this force|[friction] compare to that force [hand]?

E: Well if it’s dill moving forward then this [points to force of hand] is bigger
then this [points to friction forcgl —it’s not enoughto stopit.

I: ... What canyoutell me about the véocity as it goes from point B to C?
E: The véocity?
I: Velocity of the block —

E: Well the forceis constant so — accderation is constant — yeah — veocity
isincreasing.
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I: Sothe véocity isincreasing from B to C?
E: I'mnot sure. Let methink — think it’s the same —
I: Youthink the véocity is the same?

E: But then youwon't have accderation. Umm— accderation is constant so
veocity isincreasing ...

I: Sowhat happens at point C?

E: It stops—zero —vdocity equds 20 —... Oh—1 seewhat your saying
— but that is because the forceis nat acting arymore —the handis not
pushing arymore —

I: The handactsall the way to pant C.

E: Oh—soit just stops at point C —for noreason? —...

I: The forceof the handis remaining constant from point A to pant C.

E: Then if thereis noimpediment there then friction is greater thanthe hand
pushing it.

I: How did you know that? How did you know friction was greater?

E: How? Because the force of the handis the same — so friction must have
dominated that.

I: How did you know it dominated?
E: Becauseit cameto astop—

I: Before you said this force[points to force of hand] was greater thanthe
forceof friction.

E: Cause it was movingthat way ... — The mefficient must have been — No —
Not the mefficient —I don't know —if the force of the handis the same then
the friction must have been dfferent. No? (I1A) maybe it’s not zero — maybe
it'snot ze2ro—1I"mnot sure. What if it’snot —Hold on (I1A)

I: Sowhy were you saying thiswas zro before?
E: It'snatright. It'sin equili brium—thisis—why was | saying zero? | don't

know. —let me seeif | can solveit. ... —(IA) this vdocity here [points to point
C] is Zro. The véocity here [pointsto A] is 20 —so vinitial andv final are
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both zero. [Pause] (1A) ... [Pausg] ... The veocity of the blockfromAto B is
different from the veocity of the blockfromB to C? ...

I: What do you mean the véocity?

E: The spead?

I: Soif | look from A to B—what’s happening to the véocity?

E: It'sthe same.

I: What do you meanit’s the same? It’ s the same throughou?

E: It's darting from zero andincreasing —

I: Andwhere doesit start deaeasing?

E: At B—so fromv, to B it’sa certain vdocity andfromBto Caganit’s 2ro
—at Cit’s 2ro0 —right? Sowe are going from zero to some number then from
that number to zero—right?

I: Isthat the way it would work out?

E: ... Sartsfromrest andthen moves onfrictionlessfrom A to B andthen on
frictionfrom B to C —it hasto be ower from B to C —then from A to B.
Right? But —...if theforceis constant —isthisa simple problemor am|

makingit difficult? ...

I: What if | asked you to compare the net forceat point M to the net force at
point P?

E: You mean the summation o forces?

I: Yeah.

E: It sequd to ma.

I: Okay.

E: Andif theyare equd to ma —isathe same? Isit the same or different?
I: Good question.

E: Umm—I havenoidea—no bu — here [points to point M] you havejust
the hand— here [points to point P] you havethe handminus friction — so
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here the handforce equds ma and tere force handminus force of friction
equadsma. Okay —we an't equd them because that would make no sense.

I: Howcome ...?

E: Because then frictionwould be zero. Right? If | equd this[F,= ma] and
this[F, - Fr=ma)] then | would say F of frictionequds &ro. —It'sna zero
here [pointsto point P]. Thereforewe @an't say a isthe same over here and
here.

I: What if | asked you abou the dhange in kinetic energy fromA to B
compared to the dhange in kinetic energy from B to C?

E: Thiswould be —it’ sthe same —it would gofrom zero to something and
thiswould goto zero. Givemea hint.

I: Doesthat help in any way?

E: ...okay —...| already said that it isthe same veocity here [pointsto B] —
| already said that.

I: What if | asked you abou the net work dore on the blockin gangfromAto
B compared to the net work for going from B to C?

E: The work?
I: Yeah —the net work.

E: Work isequd to forcetimes ve ocity

I: Distance
E: Oh —right — ... forcetimes distance—it’ s the same.
I: How did you know?

E: Beause the forceis constant andthe distanceis the same.

I: Sowhich forceare you considering when you are thinking abou the work?
E: Ooh—the sumnation d forces...—you haveto dothat —so hereit isjust
2 Newtons times the distance, 1 meter, and hereit isjust this minus forcetimes
1 meter but these two are not equd. And the work must be different.

I: Do you know how the work dore on something relates to the changein
kinetic energy?
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E: | forgot —Wait — Oh god— Change in kinetic energy andthe work —
work ... [silencq ...

[Erica @mpares the dimensions of work and energy at this point.]

E: (IA) ... There re the same — oh—theyare the same dimensions —so —
changein work must equd changein kinetic energy —

I: Yeah—work equds changein kinetic energy.

E: So—... Kinetic energy is— so for this—so it’slike equding these two
together —

I: But youtried that before andyou ddn't likethat.

E: It's sayingthat this[pointsto F, = ma] isequd to this[pointsto F, - F =
ma] — but —if | equd thisto thisthen friction equds zro. What does that
mean? Isit zero here[pointsto M]? Itis zro here[pointsto point M] but not
here [pointsto point P]. So— Okay what am | doingwrong?

I: Canyou d-aw me an accderationvedor at point M?
E: Accderation?

I: Draw me an accderationvedor at point M andif it isequd to zero state
that explicitly.

E: Howcanit be zero —if we start with v, to v final? ... Well visincreasing
so accderationis constant —if visincreasing then accderationis constarnt.
Right? Or —it doesn’'t haveto be. Likethat [draws vedor to the right labeled

a] —_
I: Okay — how about at point P?

E: Oh it hastwo comporents —it hasthis one andthis one [draws two vedors
pointing in opposite diredions on x axis] — andthis one [pointing right] is
bigger.

I: How did you know the right one as bigger?
E: Beauseit’smoving. — Sill moving forward ... —but it’s decderating. ...
It's dowing dom —vdocity is zro here[pointsto point C]. But veocity is

deaeasing—vdocity isdeaeasing—if vdocity isincreasing can a ke
constant?
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I: ... What isthe definition d accderation?

E: deltavover deltat —sotisincreasing andvisincreasng—can a ke
constant?

I: What do you think?
E: Yeah?—Canit? It can a it can't?
I: 1f | go & a constant accderation what happens?

E: ... Youreincreasingvdocity ... —If you ae cnstantly accderating you
are onstantly increasing vedocity. No? Right?

I: What do these deltas mean?

E: Changein —

I: Sowhen you say dv over dt what does that mean?

E: vfina minusvinitial over t fina minust initial —

[At this point we stray from the problem and talk about the cncept of

accderation for the remainder of the interview. The remainder of the interview
is not included in this thesis.]
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" Eagle" (11/18/98)
(reads question)
a) Draw afreebody diagram for the block whenit isat “P.”

E: So—1 seethereisno gven frictionforce—so ... I’ mdrawing the block or
something that looks likeit. Sothese are the 2 Nemtons coming from the hand
— Now — of course — | suppcse it is uselessbut thisisthe weight andthe
normal forceandthe resulting friction force—sincewe are on the part of the
surfacewith friction —

b) Calculate the aefficient of kinetic friction .

E: Let's e—the block travds an equd distance (1A) with the forceremaining
constant —Let's £e— (IA) —let me think —doesit say anything abou the
spead —it doesn't — oh dkay | see— 1| suppacse the forces being appied urtil
the end d the trajedory andthe block stops due to the friction and nothat the
handstops.

I: The handkegs apdyingfromAto C.

E: Okay — Sol’ m going to calculate the knetic energy that the block has until
point B—

I: How come you re doing that?

E: To find ou what the total —what the energy it loses onthe friction surface
is—which shoud tell me —yes of course —what the force acting aganst it
was. Sothat isgoingto be 2 Newtonstimes 1 meter, which is 1 Joule andthat
isequd to %2 mv squared — ... v being the veocity of the block— andthat is
exactly what it is going to lose which means the force—the friction force
shoud be equd to 4 Newtonsin the other diredion—meaning ... in the
diredion C to A, or to the left — Sothat the net forcebeing appied onthe
blockis 2 Newtons in the other diredion so that the lossof energy is equd to
the gain o energy in thefirst half of the trajedory.

I: How did you know the lossin energy was the same as the gain in energy?
E: Becauseit started at rest andit ends at rest — 1 suppcse. | asuumethat is
what it means when it travds an equd distance— ... [ Rereads part of the

question.] Sothe forceis4 Newtons, which is equd to the magnitude of the
normal forcetimes u —the knetic friction coefficient— ... % the normal force
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isequd to the weight of the blockwhich is 1 kilogramtimes9.8 so — i is
equd to 4 ove 9.8 whichisabou .4.

I: ... Canyou compare the magntude of the net forceat M to the net for at P
— how would they @mpare?

E: The magritude of the net forces? —well theyshoud be equd and oppaite

I: And howv did you know that?

E: By the same argument — because | asume that the forcedue to friction —
which is constant alongthe whale surface since the weight of the block doesn’t
change — I assumed that it was equd and oppaite to the force— I’ m sorry —
I mean the sum of the force being appied by the hand andhe friction shoud
be totally equd and oppaite to just the force appied by the hand onthe block
so that the lossof energy is equd alongthe same distancetravd ed — so they
will be equd and oppaite.
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