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Frequently Asked Questions About the
Laboratory
Written for teaching assistants (TAS)

Introduction:

These lab instructions are probably differ-
ent than those you are used to.

You will not find a detailed discussion of
the principles explored by the lab; you will
not find any algebra deriving the equation
to be used in the lab; and you will not find
step-by-step instructions telling the stu-
dents what to do.

Yacmo 3aoaeaemwvie Bonpocer o nabo-
pamopHvix padbomax
Hamnncano st accUCTEHTOB.

Beeoenue

Ot nabopaTOpHBIC HWHCTPYKIHMH, BO3-
MOXHO, OTJIMYAIOTCS OT T€X, KOTOPhIMHU
BbI IPUBBLIKIIM. BBl HE HalifeTe moapoOHBIX
00CYXJEHUI 3aKOHOB HCCIICTyeMbIX Jia-
OopaTOpHBIMH pabOTaMU; HE HaMJIeTe Ka-
KHX-THOO  BBIBOJOB  aidreOpandecKux
ypaBHEHUM HCIOJIb3YEMBIX B Jaboparop-
HOIl pa0oTe; Bbl HE HAAETE MOATAMHBIX
UHCTPYKIHUM O TOM 4YTO CTyAEHTaM Hajo
nenatb. JlabopatopHbie pabOTHI MO3BOJIS-
I0OT CTYIEHTaM MONPAKTUKOBATLCS, MPH-
HUMas pEIICHUs, OCHOBaHHBIC Ha (HU3MKE
MPEJCTABICHHON B JIPYIMX 4YacTsIX 3aHsi-
THS: CEKIIUU OOCYKICHUS, JICKIIUS U y4eO-
HUK.

These labs allow students to practice mak-
ing decisions based on the physics pre-
sented in the other parts of the class: the
discussion sections, the lecture, and the
text. The lab instructions are divided into 4
to 5 two-to-three-week units (labs), an
equipment appendix, and five technique
appendices. The labs themselves are com-
prised of an introduction page and several
problems. Notice that we do not do exper-
iments in our laboratory. The lab problems
are similar to the ones found at the end of a
textbook chapter or on a quiz, which the
students to solve and then compare the so-
lution to nature. Typically an problem
should take the students about an hour to
complete (if they have done their home-
work). They should analyze all the data
and reach a conclusion in class before
starting a new problem. The problems are
further broken down into sections which
represent the process expert researchers
use in a laboratory. The sections are: intro-
duction to the problem, description of the

Huctpykimn mo mabopaTopHbIM paboTam
pazzaenensl ot 4 10 S5, 2-3 HeneNbHBIX pa3-
nenoB (1mab.pab.), TMpUIOKEHHE 000pYI0-
BaHUS, MATh TEXHUUCCKHUX TPUIOKCHHIA.
Camu nmabopaTopHbie pabOTHI COCTOST W3
BBEJICHUS M HECKOJIbKUX 3a7ad. OTMeTHM,
YTO MBI HE MPOBOJUM ODKCIICPUMEHTHI B
Hamel jaGoparopuu. JlabopaTopHbie 3a-
Ja4¥ TTOA00HBI TEM, KOTOPHIE MOXKHO Hali-
TH B KOHEYHOH TJiaBe y4eOHWKA WIN JKe
TECTa, KOTOPBIA CTYJCHTHI PEIIAOT U TO-
TOM OTBETBHI CBEPSIIOT C JCHCTBUTEIHHBIM.
OOBIYHO pelIeHre 3aJa4d JTOJKHO 3aHU-
MaTh y CTYJEHTOB OKOJIO 4aca (eciu OHU
Jienany goMaiiHee 3ajnanue). OHu JOHKHBI
IPOAHAM3UPOBATh BCE JIAHHBIC U C/IENaTh
3aKIIIOYEHUE Ha 3aHATHE J0 Haudaja perie-
HUS HOBOW 3amaunm. K ToMy jke 3amadu
pa3ziesieHsl MO pasfienaM, KOTOpbIe Mpen-
CTaBJISIFOT Pa3BUTHE ONMBITHBIX HCCIIEAOBA-
Tele W WCMHOJIb30BaHUE UX B Jlaboparo-
pun. Pazmensl cremgyromniuye: ycIoBue 3aaa-
9, COCTaBJICHHE OMHCaHHUS 000pya0Ba-
HUSI, MIPOTHO3 pe3yJIbTaTa, METOI0JIOTHYIe-




equipment, a prediction of the outcome,
method questions, exploration, measure-
ment, analysis and conclusion.

CKME BONPOCHI, H3YYECHHUE,
aHaJIM3 U 3aKJII0YCHHE.

U3MEpEHHUE,

Each problem begins by describing a con-
text in which a problem arises. This con-
text has been selected to be relevant to the
students. The equipment is then described
in enough detail to allow the students to
predict the outcome of the problem. The
questions in the next two sections (Predic-
tion and Method Questions) are to be an-
swered by the students before they come
into lab and will be checked by the lab in-
structor (you) within the first five to ten
minutes of class. The Prediction is a quan-
titative or qualitative solution to the prob-
lem. The Methods Questions are designed
to help the student either complete the pre-
diction or plan the analysis the data before
they come to lab. Typically, the introduc-
tion to each lab class will begin when you
ask the members of each group to arrive at
a consensus about one or more of these
questions and then put its answer on the
blackboard. Then have a class discussion
comparing and contrasting these answers.
Remember, the purpose of the introduction
IS to get students to make an intellectual
commitment to the lab. They do not need
to arrive at the correct answer to the ques-
tions until after they have completed the
problem. The Exploration section encour-
ages the students to get familiar with the
apparatus so they will understand the range
over which valid measurements can be
made. The Measurement section asks the
students to think about the kinds of meas-
urements needed to test the prediction. The
Analysis section asks the students to pro-
cess their data so that they can interpret
their results in the Conclusions section

Kaxnas 3amada HauMHaeTcs ¢ ONMUCAHUSA
CUTyallMy, B KOTOPOW M BO3HHUKAET 3TA 3a-
nada. JTa cuTyalMsl 1ojodpaHa B COOT-
BETCTBUU CO CTYJIEHTaMH. 3aTeM J10CTa-
TOYHO MOJPOOHO OMUCAHO 00OPYOBaHMUE,
YTO JAET BO3MOXHOCTb CTYJAEHTAM Mpe.-
CKazaThb pe3yabpTaT 3anadd. Ha Bompochl B
NByX cienyromux pasgenax (IIpornossr u
Merononoruueckue Bompocel) CTyIEHTHI
JOJKHBI OTBETUTH JI0 TOTO KAaK OHU MpH-
OyT Ha JabopaTopHyl paboTy u OymayT
IPOBEPEHBI PYKOBOJIUTENEM Jlaboparop-
HOU paboThl (Bamu) B TeueHue mepBuIX S-
10 munyt 3ansaTus. [Iporosel 310 KOMM-
YECTBEHHOE WJIM KAaYECTBEHHOE pEIlCHUE
3amaun. Meroponoruueckue  Bompocsl
IpeHa3HauYeHbl JIJIsl TOro, YTOObI TOMOYb
CTyJEHTaM WM IOJY4YWUTh IOJHOE Ipea-
CKa3aHWe WM IUIAH aHaiu3a JaHHBIX J10
TOTO KaK OHU TPHUAYT Ha JIabOPaTOPHYIO
paboty. OOBIYHO Kakzoe jabopaTopHOE
3aHATHE OYJIeT HAYMHATHCS C TOTO, YTO BBI
IIOIIPOCUTE YWICHOB KaXJOM I'PYMIIbI IPUK-
TH K OOLIEeMy MHEHHIO B OTHOILIEHHUE Of-
HOT'O WJIM HECKOJBbKHX BOIMPOCOB, a 3aTEM
3anMcarth OTBETHl HA JIOCKE. 3aTeM, Ha 3a-
HATUAX OOCYKIEHHI CpaBHHUBAThb U CBe-
pATh 3TU oTBeThl. [lomMHUTE, 1eNb BBEE-
HUS, YTOOBI CTYIEHTHI B J1a00OPaTOPHOMU
paboTe chaenand HWHTEUIEKTyallbHOE YMO-
3akimoueHre. M He o0s3aTeNbHO MPUXO-
JUTh K MPaBUIBHOMY OTBETY Ha BOMIPOCHI
70 TeX TOp, MOKa OHU HE 3aBEpUIMIH pe-
marb 3axady. B pasmene HccinenoBanus
CTYJEHTOB CTUMYJIUPYIOT O3HAKOMUTHCS C
npuOopaMu Tak, 4TOOBl OHU TOHSUIA JHA-
I1a30H JIEUCTBUTEIbHBIX U3MEPEHUH, KOTO-
pble MOTYT OBbITh caenanbl. B pazgene 13-
MEpeHHUsi OT CTYACHTOB Tpedyercs Moay-
MaTh O THUIAX HM3MEPEHUN HEOOXOAUMBIX
Il TIPOBEPKU MpeAcKasaHus. B paszmene
AHanmm3a CTYJEHTOB MpOCST o0paboTarh
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HUX JAaHHBIC TakK, yTOOBI OHU MOTJIH 00BsC-
HHUTBb CBOU PC3YJIbTAThI B pas3aciic 3aKio-
YCHUC.

Grading:

Students are graded on a ten point scale.
They receive one point per week for their
prediction and the answers to the methods
questions, and they receive another point
each week for keeping a competent lab
journal. Each student is also required to
write a lab report for one problem, which
is different for each member of a group.
That problem is assigned by the instructor
(you) at the end of the two week lab peri-
od. This report should be a concise and
self-contained technical report which is es-
sentially a clarification of the student's lab
journal. It should only be about three pag-
es in length. You will assign up to six
points for this report.

Ouenueanue:

Crynentsl oueHuBaroTcs no 10 GamnbHOU
mkaie. OHM TOy4aroT MO OJHOMY Oaimy
B HEJENI0 3a MPEABAPUTEIBbHYIO MOAro-
TOBKY M 3a OTBEThl K METOJAMYECKUM BO-
mpocaMm, U BTOpPOW Oasut 3a BeJEeHUE COOT-
BETCTBYIOIIErO J1abOpaTOPHOIO >KypHAaa.
Kaxnaomy cTyneHTy Takxke HE0OXOAMMO
HamucaTh J1a00paTOpPHBIA OTYET MO Ompe-
NEJIEHHOM 3ajade, KOTopas y KaxXJoro
YJIeHa TPYIIbI pa3Has. 3ajada Jaercs py-
koBogutTeneM (Bamu) B KOHIIE JBYyXHeE-
JIENBHOTO JIa0OPAaTOPHOrO Mepuoja. ITOT
TEXHUYECKUH OTYET MOJDKEH OBITh KpaT-
KUH U CaMOJIOCTATOYHBIN, OH IO CYIIECTBY
SBJIETCS PAa3bSICHEHUEM K JJAOOPATOPHOMY
KypHalty cryaeHta. OH JIOJDKEH coaep-
KaTh TOJIBKO TPU CTPAHUILIBL. 34 ITOT OTYET
BbI IOCTAaBUTE HE OoJiee 6 0aUIoB.

To encourage cooperation in lab groups,
the students should be awarded bonus
points if everyone in their group receives
more than eight points on the report. You
may want to generate a little peer pressure
for preparation by giving a bonus point if
everyone in a group comes to lab with a
complete set of answers for the prediction
and methods questions.

[ToompsiiiTe coTpyauuuecTBo B Jabopa-
TOPHBIX TpyMIax, €Cld KTO-TO B TpymIe
NoJyduT OOJIbIlIE YeM BOCEMb OajlioB 3a
OTYET, TO ATUM CTYJEHTaM JOJDKHBI OBITh
MPUCYXKJICHBI TTpeMUalIbHbIe Oasiibl. Bo3-
MOJKHO, BBI 3aXOTUTE OKa3aTh HE OOJBIIOE
BJIMSIHUE TIPU TMOATOTOBKE, JaBas OOHYcC-
HbII 0an, eciM KaXIbld 4J€H B TPYIIE
npuaeT Ha JJabopaTOpHOE 3aHATHE C MOJ-
HOCTBIO TOTOBBIM KOMILIEKTOM OTBETOB Ha
METOJIMYECKHE BOITPOCHI U MMPOTHO3BI.

Frequently Asked Questions:

What goals are addressed by these labs?
There are many possible reasons of doing
a physics laboratory. For example, a lab
could allow students to:

« confront their preconceptions of how the
world works;

» practice their problem solving skills;

* learn how to use equipment;

* learn how to design an experiment;

* observe an event which does not have an
easy explanation to realize new knowledge

Yacrto 3agaBaemblie Bonpocsr:
Kaxkue uenu cmaeamca nepeo nabdopa-

mopHvimu padomamu?

CymiecTByeT  MHOXECTBO  BO3MOKHBIX
OpPUYMH, TOYEeMYy co3faeTcs (usmyeckas
naboparopusi. Hanpumep, mnabopaTopus

MOJKET MO3BOJIUTH CTYJEHTaM:

e [IpoTuBOMOCTaBIATH, WX Mpenydexe-
HUE O TOM, KaK YCTPOEH MHUP;

e OcCylIECTBIATh HA NMPAKTUKE CBOM Ha-
BBIKU PELICHHUS 33/1a4;




is needed;

* gain an appreciation of the difficulty and
joy of doing and interpreting an experi-
ment;

* experience what real scientists do; and

* have fun by doing something more active
than sitting and listening.

e l3yuaTh, Kak IOJIL30BAaThCS IMPUOOPA-
MH;

e Vuuthcs pazpadbaThIBaTh SKCIICPUMEHT;

e HalOmonats 3a pe3ylbTaToM, KOTOPBIN
HE HMEET IPOCTOro OOBSCHCHUS IS
TOT0, YTOOBI peaTM30BaTh HOBBIE HEOO-
XOJIHUMBIE 3HAHUS,;

e 3aTpyAHATHCS U BOCTOPraThCs, MPOBO-
I1 1 OOBSACHSS KCIIEPUMECHT;

e lcoeIThIBAaTH TO, YTO UCHBLITHIBAIOT HAa-
CTOSIINE Yy4YEHBIC; U

pajoBaTbCs, JAenas 4To-TO 0Ojiee aKTHB-

HOE, YeM CHUJCTh M CITyIIaTh.

It is impossible to satisfy all of these goals
with a single laboratory design. Because
this course follows the traditional structure
of learning physics through solving prob-
lems, we have focused the laboratories to-
ward PROBLEM SOLVING. Since the
most important reason that our students
cannot solve physics problems is that they
have misconceptions about the physics,
our second goal is to confront some of
those misconceptions in the laboratory.

HeBo3MOkHO nOCTHYBL BCEX LENEH OJTHUM
Wb co3manueM jaboparopuit. Tak kak
3TOT KypC CIENYyEeT TPAJAULMOHHOU CTPYK-
Type HU3y4YeHHS (U3UKHA Yepe3 pelIeHue
3a/1a4, Mbl CKOHIICHTPUPOBAIM Jiabopa-
topaeie k PEIIEHWIO 3AJIAY. Camas
[JIaBHAsl TIPUYMHA, TTOYEMY HaIlld CTYACH-
Thl HE MOTYT pemiarh (pU3ndecKue 3agauu
3TO TO, YTO y HUX HENPABUIBLHOE Mpen-
CTaBJieHHE O (PU3HMKE, MOITOMY Hallla BTO-
pas 11eIb B JaOOpaTOPHBIX paboTax comoc-
TaBUTh HEKOTOPHIE U3 TE€X HEMPABUIbHBIX
IIPEACTABIICHUM.

Why this style of lab?

Most physicists feel that labs are an essen-
tial part of a physics course because phys-
ics describes reality. Some have gone so
far as to state that all physics instruction
should take place in the laboratory.
Nevertheless, labs are the most expensive
way to teach physics. Research to deter-
mine the benefit of labs in teaching phys-
ics has consistently shown that labs which
give students explicit instructions in a
"cookbook™ style have little value, particu-
larly to address a problem-solving goal.
The research also shows that "handson"
experience is an efficient way of overcom-
ing misconceptions. In our teaching envi-
ronment, the laboratory is the only oppor-

Ilouemy makoit cmuib 1a00paAMOPHHIX
paoom?

BonpmMHCTBO (U3MKOB MOJAralT, 4YTO
n1abopaTopHbIe pabOTHI SBJSIOTCS Ba)KHOM
4acThi0 (PU3UKH TIOTOMY, YTO (PU3UKaA OMH-
ChIBaCT JIEHCTBUTENIBHOCTb. HekoTopsle
3allUId TaK JaJieKO, YTO YTBEPXKAAIOT, UTO
Bce 00ydeHue (u3MKe JOHKHO MPOXOAUTh
Ha jabopaTopHbIX padorax. Hecmorps Ha
TO, YTO Ja0OpaTOpHBIEC SBISIOTCS Ooliee
JTOpOTUM MeTOoAoM oOyueHust pusuke. Mc-
clleZIoOBaHHE, YTOObl YCTAaHOBUTH MPEUMY-
IIECTBO JJA0OPATOPHBIX B 00y4EHUU (PU3H-
KU [TOKa3aj1o, 4To JIAOOopaTopHbIE, KOTOPbIE
JAl0T CTyJAEHTaM MOJApPOOHbIE OOBICHEHUS
B CTHJIE «IIOBapEHHOW KHHUTHU» MPUHOCST
MEHBIIYI0 MOJb3y, OCOOCHHO, €CIU IIeJb
HampaBjieHa Ha pemieHue 3agad. Mccneno-




tunity for you to interact with small groups
of students during an extended period. Be-
cause the students have specific and visible
goals, it is easier for the instructor (you) to
determine their physics difficulties by ob-
serving them. Solving a problem in the la-
boratory requires the student to make a
chain of decisions based on their physics
knowledge. Wrong decisions based on
wrong physics lead to experimental prob-
lems that you can observe and correct.

BaHUE TAKXE ITOKa3bIBAE€T, YTO «CO3/IaH-
HBI pyKaMu» 53KCHEPUMEHT 3((eKTUB-
HBI MyTh NPEONOJCHUS HENPaBUIbHBIX
npencrasieHuid. B Hameid oOywaromein
cpene 1adbopaTopHble pabOThI 3TO €JUHCT-
BEHHas BO3MOXKHOCTH Ui Bac padoTaTh C
MaJeHbKUMH TpYIIaMH CTYAEHTOB B Te-
YEHUE JUIMTENBHOrO BpeMeHHM. Tak Kak
CTYICHTHl UMEIOT WHIWBHUyaJIbHbIC U BU-
IUMBbIE 3ajauu, UHCTpykTOopy (Bam), Ha-
Omojas 3a HUMHU JIeT4€ YCTaHOBUTH HX
¢usnueckue 3arpyaHeHus. Pemias 3amauy
B J1abopaTopHOl paboTe, OT CTyJIeHTa Tpe-
Oyercs co3faTh LIENIOYKY PELIeHUH, OCHO-
BAaHHYIO Ha UX 3HaHuUAX no ¢usuke. He-
IPABWIbHBIE PELICHUS, OCHOBAaHHBIE Ha
HEeMpaBUIbHON (PHU3UKE, BEIYT K IKCIEpH-
MEHTAJIBHBIM TPYIHOCTSM, KOTOpBIE BbI
MOXKETE 3aMETUTh U UCIIPABUTb.

How can | make my students like and
value the labs?

Instructor attitude is the most important
factor in determining what the students
like. If the instructor likes the labs and
thinks they are valuable, then the students
will tend to like the labs. The converse is
also true. Even before starting the class,
many students consider labs as "busy
work" which have nothing to do with the
content of the course. Labs have required
attendance, so some students see their ob-
ject as getting a task done as fast as possi-
ble so they can leave - the "take-the-data-
and-run" approach. This view is reinforced
when (a) students are given step-by-step
instructions focused on doing the task as
efficiently as possible; (b) the lab instruc-
tor spends a majority of the lab time help-
ing groups get their apparatus working so
they can get done; (c) the lab instructions
have all the necessary information, so the
students do not need to use the textbook or
the lectures; (d) the problems are not seen
as challenging; and (e) there is no refer-

Umo A mo2y coenamsv, umoodvl Mou cmy-
OeHmbl JI00UIU U UeHUIU Jadbopamop-
Hble padomul?

[lo3umuss MHCTPYKTOpAa 3TO CaMblil BaX-
HBI (aKTOp B OINPEACICHUH KEITAHUU
CTYZIEHTOB. EcCiM MHCTPYKTOPY HpaBSTCS
nabopaTopHbie pabOThI, 1 OH CUMTAET, UTO
OHH TIOJIE3HBI, TOTJA W CTYJAEHTaM 3TO Oy-
neT HpaBuTbcs. OOpaTHOE YTBEPXKICHUE
TaKke BepHoe. Jlaxke 10 Hauana 3aHATUH
CTYJEHTHI TIOJIATal0T, YTO JIa0OPATOPHBIC
paboThl 3TO «zAeloBasg paboTa», KOTOpas
HE MUMEET HUYEr0 OTHOCAILETOCSA K COAep-
XaHuio Kypca. Jlabopartopubie paboOThI
TpeOYIOT MPUCYTCTBUS, MOITOMY HEKOTO-
pbl€ CTYIEHTHI BUISAT CBOIO 3a7a4y B BbI-
MOJIHEHUU 3aJ]JaHUsI KaK MOXHO OBICTpee,
YTOOBI OHM MOTJIM YUTU — «OepH JTaHHbIE U
Ooeru» Mmoaxoi. JTa TOUKA 3PEHUS YCUIH-
BaeTcs, Korjaa (a) cTyaeHTaMm JaroTcs Io-
JTANlHbIE MHCTPYKIMU, CKOHLIECHTPUPOBAH-
HbIE Ha 0oJiee pallMOHAIbHOE BBIMOJHEHUE
3amanus; (0) MHCTpYKTOp MO jaboparop-
HBIM paboTaM TpaTUT OOJNBIIYIO YacTh
BPEMEHM, Ha TO, YTOOBI MMOMOYb TpyrHnam
HACTPOUTH TMPUOOPHI, YTOOBI OHH MOTIIHU




ence to the labs in the lectures or on tests.

pabotatp; (B) 1ab0opaTOpHbIE MHCTPYKIIHH
UMEIOT BCIO HEOOXOIMMYIO0 HUH(POPMAIIHIO,
JUISL TOTO, YTOOBI CTYI€HTaM HE HY)KHO
OBIJIO WCITOJIH30BaTh YYCOHWKH WA JIEK-
muy; (T) 3a7a4d HE BBHITJBIAAT TaKHUMH
CJIOKHBIMH; (1) JTabopaTopHbIe PabOThI HE
UMEIOT HUYETO OOIIEro ¢ JICKIUSMH WA
TECTaMH.

The physical appearance of the lab is also
very important in determining student atti-
tude. Students will also dislike the labs if
they are overly frustrated in their attempts
to operate in the laboratory environment.
An instructor who takes time to assure that
the lab is neat and orderly before the stu-
dents enter gives the message that the stu-
dents' lab work is important.

Buemnnit Bun ¢usudeckoii nabopatopun
TaK)X€ OYCHb BaXKEH B OIpPEICJICHUH OT-
HOIIEHUST CTyAeHTOB. CTymeHTaM TakkKe
He OyayT HpaBUThCS JlabopaTopHbIie pado-
TBI, €CITH UM OyIyT MemaTh padoTaTh Hal
UX DOKCIEpUMEHTaMU B J1abOpaTOPHOU
cpene. HMHCTPYKTOp, KOTOPBIM YyIEISIET
BpeMs Ha TO, YTOOBI 00ECTICUNTh TOPSIOK
B JabopaTopuu A0 MpUXOAa CTYJIEHTOB,
MOKa3bIBACT CTYIEHTaM, Ba)XHOCTH Ja0o-
paTopHOM paboTHI.

Why have students work in groups?

The simplest answer is that a well func-
tioning group is the most efficient way to
solve any problem. However, in this class
we have more definite educational reasons.
Students working in groups must discuss
what their thoughts are -- they get practice
in "talking physics." This discussion tends
to bring their physics preconceptions (al-
ternative conceptions) to the surface so
they can deal with them. It is a cliché that
the "best way to learn is to teach,” but it is
true. Working in the same groups in both
laboratory and discussion section allows
students to become more familiar with
each other so that they feel comfortable
enough to discuss their physics difficulties.
Having the same groups and instructor for
both the laboratory and discussion section
also explicitly connects the lab to the rest
of the course. In addition, students work-
ing in groups make teaching more man-
ageable for the instructor. Instead of trying
to serve 18 individual students, you inter-

act with 6 groups, so you can be their "," to

Ilouemy cmyoenmul padomaiwom 6 cpyn-
nax?

Camplil TIpOCTOM OTBET 3TO — XOPOULIO
GyHKIIMOHUpYIOIIAsl Tpymnmna, caMmblii (-
(eKTUBHBIA MYyTh AJIS1 pelIeHus 000 3a-
naun. Tem He MeHee, B 3aHATUAX y Hac 00-
Jee  OmpelesieHHble  0Opa3oBaTeIbHbIC
npuunHbl. CTyAeHTbl, paboTawpiue B
rpynmnax JOJDKHBI  BBICKA3bIBaTh CBOH
MBICIIA — OHU MPAKTUKYIOTCS «TOBOPSI O
busuke». OTH O0OCYKICHUS TPUBOAAT K
TOMY, 4TO UX MpeAayOexaeHus (aibTepHa-
TUBHbIE TOHMMAaHUE) BBIHOCATCS Ha MO-
BEPXHOCTh, TaKUM OOpa3oM, OHH MOTYT
paboTtatb ¢ HUMHU. DTO U30UTOE BBIpAXKeE-
HHE O TOM, YTO «CaMbli JY4YIIUWA MYTh
HAay4YUThCA, 3TO YUYUTh CAMOMY», MPaBIH-
Boe. PaboTas B OJJHUX M TeX ke Tpynmnax B
1a00paTOPUH U CEKLUU 0OCYXKJIEHUH, CTY-
JEHTHl TOJIY4alOT BO3MOXKHOCTH JIy4YIIle
y3HATh JIPYT JIpyra, YTOObl OHU HE CTECHSI-
JIMCh, OOCYXKJIaTh CBOM TPYAHOCTH TO (u-
3uke. Taxke xopomo sabopaTopHbie CO-
YETaIOTCS C OCTAJIbHBIM KYPCOM, UMESI T€
e TPYIIbl U UHCTPYKTOpa U B 1abopaTo-
puu U B cekuuu oocyxaenuil. K tomy xe,




help them become better problem solvers.
By pooling their knowledge and experi-
ences, members of a group will get "stuck"
less often which leaves the instructor freer
to concentrate on groups which are on the
wrong track.

CTYIEHTBI, paboTawmliue B Tpymmnax, Ae-
Jar0T o0y4deHUe Jierdye B yIpaBJCHUU IS
HHCTpYKTOpa. BmecTo Toro, 4robnl oka-
3bIBaTh HWHAWBHAYAIBHYIO TMOMOIIb 18
CTyJIeHTaM Bbl paboraere ¢ 6 rpymnmamu,
TaKUM 00pa3oM, Bbl MOXKETE OBITh UX «Ha-
CTaBHMKOM», TIOMOYb UM CTaTh JY4YITUMHU
pemiaressiMua 3ajad. Mcnonab3ys CBOM 3Ha-
HUS U ONBIT, YJIEHBI TPYIIBI OYIyT pexe
«TOPMO3UTHY, UTO MO3BOJUT UHCTPYKTOPY
CKOHIICHTPUPOBATHCS HA TpyMIax, KOTO-
pbI€ HaXOAATCS HA HE MPABUIIBHOM ITYTH.

Why are there so many problems in each
lab?

These labs have been written so that there
are more problems than the typical group
can complete in the time allotted. This em-
phasizes that the function of the lab is to
learn the physics not to get the problems
"done." The teaching team for each course
can then choose a preferred order of prob-
lems and the minimum number of prob-
lems to be completed to match the empha-
sis of the lectures. In addition, the extra
problems allow each lab instructor (you)
the flexibility to select the material to meet
the needs of each particular group. Some
of your groups may understand the materi-
al and need to be challenged with more
difficult problems to deepen their
knowledge. This also keeps these groups
from becoming bored. On the other hand,
some groups will have difficulty in under-
standing the basic physics being presented
and may need to concentrate on a single,
straight-forward problem or do a second
very similar problem.

Ilouemy 6 Kaxcoou nabopamopuoul pa-
O0ome maxk Mnozo 3a0ay?

Ot nabopatopHbie pabOTHl ObUTM HAIH-
CaHbl TaK, 4YTO KOJUYECTBO 3aJad TaMm
Oonbiie, 4YeM OOBIYHBIC TPYIIBI MOTYT
pPELINTh B OTBEAEHHOE Ha 3TO BpeMsl. JTO
NOJYEPKUBAET TO, YTO Ha3HaueHue Jabdo-
paTopHbBIX pabOT u3ydarb (PU3UKY, a HE
pemath 3amaun. OOyyaroiias rpymmna s
KaX0ro Kypca MOKET BbIOpaTh Mpeanoy-
TUTENbHYIO TOCIEA0BATENbHOCTD 33/1a4, U
YTOOBl MUHUMAaJIbHOE KOJMYECTBO 3ajay
ObUTM HaOpaHbl B COOTBETCTBUU C JICKIIMSI-
mu. K TOMy %ke, HOMOMHUTENbHbBIE 3a1a4H
MO3BOJISIIOT KaKJOMY HWHCTPYKTOpY J1a0o-
paTopHOii paboTHI (Bam) ObITh THOKUMH B
BbIOOpE Marepuaja, OTBEYAlOUIero Io-
TPeOHOCTSAM Ka)XJ0H OTIEIbHOM TPYIIIBL
Hekoropble U3 Bammx rpymnmn MOr'yT OHU-
MaTh MaTepual U UM OyAyT HYXHBI Oosee
CIIOKHBIC 3a/1a4yu, JJIsi TOTO, YTOOBI yriIy-
OuTh CBOM 3HaHUs. Takxke, 3TO MOMOXET
HE cKy4aTb 3TUM rpymnmnaM. C apyroit cro-
POHBI, Y HEKOTOPBIX TPyHN OyayT TPYAHO-
CTM B TOHUMAaHUU TPEJCTABICHHBIX UM
(GU3UYECKUX OCHOB, U UM HYXHO OyIeT
CKOHLEHTPUPOBATbCA Ha OJHOM, IPOCTOU
3aJjaue WM K€ PELIUTh BTOPYIO MOJA00HYIO
3ajayvy.

Why don't the lab instructions give the
necessary theory?

This is to emphasize that the laboratory is

Ilouemy uncmpykmopvl 1a00pamopHvix
paoom He 0arom HeoOX00umyrw meopuro?
Cuuraercs, uto nabopaTopHbie padOTHI
SIBJIIFOTCSI COCTABIISIIONICH MOJHOrO Kypca.




an integral part of the entire course. The
theory is available in the textbook and the
preparation section for each laboratory
gives which sections are to be read. Read-
ing the text and doing the predictions and
method questions for each problem gives
an adequate preparation for the lab. A
computer check out is used to assure that
each student has a basic understanding of
the necessary text material before coming
to class. Doing the lab problems should
help, with the guidance of the lab instruc-
tor, clarify and solidify the ideas in the text
and in the lecture

Teoputo MOXXKHO HalTH B y4eOHHKE, W B
HOJrOTOBUTENLHON CEKLIUU TOBOPUTCA Ka-
KH€ pa3zesibl HEOOXOAMMO YynuTaTh. UTeHHe
y4eOHMKa ¥ TIOATOTOBKA MPOTHO30B U Me-
TOJWYECKUX BOIIPOCOB JJIs1 KAXKION 3a/1a4uu
Jal0T JIOCTaTOYHYI MOATOTOBKY K Jalo-
paropabiM pabotam. KommbiorepHas mpo-
BEpKa MHCIMONb3YeTCs, Ui TOr0 YTOOBI
yOenuTCs, 4YTO KaXKIbId CTYACHT HMEET
OCHOBHOE 3HaHUE HEOOXOIUMOro y4yeOHO-
ro Marepuaia, A0 MPHUXOJa Ha 3aHSITHE.
Pemenne nabopaTOpHBIX 3anad JOJIKHO
IOMOYb, TOJ] PYKOBOJICTBOM HHCTPYKTOpa
1a00paTOpHBIX PabOT, OOBICHATH W TMOJI-
TBEp)KJaTb MBICIM B Y4€OHUKE U B JIEK-
1017078

What is the reason for giving minimal la-
boratory instructions?

One of the primary goals of the laboratory
is to help students learn to solve physics
problems better. Good problem solving
requires informed decision making. Most
of these students need a great deal of prac-
tice in making analytical decisions. The
labs are designed to leave most of the deci-
sions up to the students. As with any prob-
lem, usually there are several correct paths.
Discussing the possible choices within the
group gives each student the opportunity
to solidify correct concepts and dispel al-
ternative conceptions. This freedom also
allows groups to make incorrect choices. It
is another true cliché "that we learn from
our mistakes". Observing these incorrect
decisions allows the instructor (you) to
teach to the needs of the particular students
or groups.

Kaxoea npuuuna ona npedocmagienusn
MUHUMATBHBIX  1AOOPAMOPHBIX UHCHI-
PyKuyui?

OpnHa W3 OCHOBHBIX LEiel J1abopaTOpHBIX
3aHATUA TIOMOYb CTYJIEHTAaM HAay4YUTbCS
Jqy4iie pemarb (puandeckue 3agadu. Xo-
polee pelleHue 3agayu TpedyeT NpHUHS-
THSL OCO3HAHHOTO pelieHus. boJIbIIMHCTBO
ATUX CTYIEHTOB HYXXJAIOTCS B OOJBIION
MpPaKTUKE MU TPUHATHS aHATMTUYECKUX
pemiennii. JlabopaTopHble 3aHATHS CO37a-
HbI, TaK YTOOBI OCTaBUTh MPUHATHE OOJb-
IIMHCTBA pelieHuil Ha cTyaeHToB. Kak u ¢
JI000H 3amauell, OOBIYHO €CTh HECKOJIBKO
NpaBWIbHBIX TyTe. OOCyxAeHue BO3-
MOKHBIX BapMaHTOB BHYTPH TPYIIIbI J1a€T
KOKJIOMY CTYIEHTY BO3MOXHOCTh TOJ-
TBEPAUTHh MPABWIBHOCTh U PacCesTh ajlb-
TEPHATHBHBIE KOHLEMIHMH. JTa cBoOOAA
TaK>Xe JaeT BO3MOXKHOCTb TPYyIITaM JeNaTh
HE MpaBUJILHBIN BeIOOP. BOT Apyroe mpas-
JIMBOE BBIPAKEHUE «YTO MBI yYHUMCS Ha
CBOMX oOIIMOKax». 3ameyasi, 3TH Hempa-
BUJIbHBIC PEILICHHS J1a€T BO3MOXHOCTh MH-
CTPYKTOpPY (BaM) Hay4uTh MO HEOOXOIM-
MOCTH HWHJMBUIYAJIbHO CTYAEHTOB WJIU

I'PYIIIBIL.




Why should the students write up lab
problems?

No matter how conscientious the lab in-
structor is, many students will leave the
lab with some of the same misconceptions
as when they entered. The presentation of
the course material may also generate new
misconceptions. Reading a student's words
gives the instructor valuable knowledge
about that student's knowledge of the
physics. This can help you direct your
teaching more effectively. In addition, the-
se students need to begin the process of
clear, concise, meaningful written tech-
nical communication that they will need in
their careers.

Ilouemy cmydenmot 00a)#CHBL 3ANUCHI-
eamyp 1abopamopusie 3a0auu?

He nmeer 3HadyeHwus1, Ha CKOJIBKO 100pOCO-
BECTHBIM SIBIIICTCSI WHCTPYKTOp Jabopa-
TOPHBIX paboOT, OOJBIIUHCTBO CTY/IEHTOB
OynyT MOKUAATh J1abOpaTopHbIEe PabOTHI C
TEMHU KE CAaMUMH HETPaBUIBHBIMHU TIPE/I-
CTaBJICHUSMH, C KOTOPHIMH OHH IPHIILIH.
[IpencraBieHne Kypca MaHHBIX MOXKET
TaK)Xe TIOPOJAUTH HOBBIC HEMPABHUILHBIC
npencTaBieHus. UTeHue CTyIeHYECKHX
TEKCTOB JJa€T MHCTPYKTOPY MOJE3HYIO MH-
dopmanuo 0 3HaAHHUSIX CTYAEHTOB MO (u-
3UKe. JTO MOXET TOMO4Yb BaM 00ydYaTh
6onee r3pdextuBHO. K Tomy ke, 3TUM CTY-
JeHTaM HeOoOXOJMMO HayaTh MpOIecC C
SICHOTO, KPaTKOTO, BBIPA3UTEIHLHOTO MMHChH-
MEHHOTO TEXHUYECKOro OOIIeHHs, KOTO-
pO€ UM HYKHO OYZET B UX Kapbepe.

What is the function of the pre-lab com-
puter check out?

This set of questions are available in se-
lected computer labs around campus. They
are designed to make sure that students
have read the relevant sections of the text
before they come to your laboratory. The
questions require minimal understanding
of the concepts in the text and are a good
preparation for the lectures as well as the
laboratory. Students are required to score
at least 75% to pass. If a student misses a
question, the test is expanded to give them
another chance to answer a similar ques-
tion correctly. The more questions that the
student misses, the longer the test. Student
can take the check out as many times as
they wish. They can use their textbook,
their notes, and consult with other students
when they take the check out. The im-
portant thing is that they come to lab pre-
pared.

Kaxkoea ¢ynkyua npeosapumenvnoii na-
0opamopHoii KOMnblOmMeEPHOoUl nposepru?
DTOT mepeueHb BOIMPOCOB TOCTYIEH B MO-
OOpaHHBIX KOMIBIOTEPHBIX JIabopaTopu-
X TI0 BCEW TEPPUTOPUU YHHUBEPCUTETA.
OHU co3aHbl A TOTO, YTOOBI YIOCTOBE-
PUTHCSI, YTO CTYIAEHTBI IPOYTYT HEOOXO-
TMBIC pa3JieNibl yueOHHMKa Mepel TeM, Kak
OpUNTH Ha Balld JJAOOpaTOpHbIE PaOOTHI.
s Ttoro, yToObl OTBETHUTH Ha BOIPOCHI
TpeOyeTcss MHHUMalIbHOE  MOHUMAaHHE
KOHIIEMIINK B y4E€OHHKE M XOpOLIeH Moi-
TOTOBKH, KaK K JIEKI[USM, TaK U K Jabopa-
TOPHBIM pabotam. J{ist Toro, 4ToObI ClATh
CTyZCHTaM HaJi0 00s3aTeIbHO HA0paTh KaK
MHUHUMYM 75%. Ecnu CTyneHT He oTBeda-
€T Ha BOIIPOC, TOTJa TECT MPOAOJIKAETCH,
9TOOBI AaTh UM €II€ OJIMH IIIaHC OTBETUTH
NpaBUJIBHO Ha TOXOXHUH Bompoc. Yem
OoJbllIe BOIPOCOB CTYACHT HE OTBEYAET,
TeM JiuHHee TecT. CTyAeHT MOXET CBe-
pATBCS CKOJIBKO eMy yrogHo pa3. Koraa
OHHU CBEPSIIOTCS, OHU MOT'YT TOJIb30BaThCS
CBOMMH KHUTaMH, 3aMETKaMH, KOHCYJIbTH-
poBaTbCs C APYTUMU CTyAeHTaMu. BaxkHo
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NpUNTH Ha J1abOpaTOpHYIO pabOTy MOJTro-
TOBJICHHBIMU.

When a student keeps getting the same
question wrong even though they are sure
they put in the right answer, it is almost
never a computer glitch — usually the stu-
dent has an alternative conception. This is
an excellent opportunity for instruction.
Each students scores, questions missed, the
number of times the check out is taken,
and the time the student takes are all rec-
orded in a file for your use. A student who
has read the material with some under-
standing should pass the check out in less
than 15 minutes. Of course, this rarely
happens. Typically students read their text
for the first time while they are taking the
test, so they can take from 30 - 45 minutes
to learn the information. If a student is
taking more than 60 minutes to pass the
test, this is probably too much time and
you should discuss the problem with the
student.

Korpa cryaent ommbaercst B TOM ke ca-
MOM BOINPOCE JaXe, €CIU OHHU YBEPEHBI,
YTO OTBEYAIOT MPABUIJIBHO, 3TO OOBIYHO HE
KOMITBIOTEPHAs OCEYKa — OOBIYHO CTYJIEHT
UMEET AJIbTEPHATUBHYIO KOHIIETIIHIO. DTO
BEJIUKOJIEMTHAs] BO3MOKHOCTh UHCTPYKIIHH.
Kaxnpiii crygeHT HaOupaer Oaiibl, OIIU-
Oaercsi B BOIIPOCAxX, HEKOTOPOE HECKOJIBKO
pa3 mpoBepsET, U BpeMs, KOTOPOE OH Tpa-
TUT Ha 3TO, 3alUCBIBAETCS B MCIOJIb3YyE-
MoMm Bamu (aitne. CTyneHT, KOTOpPbIi
OpoYyMuTag Marepuag C [OHMMAaHHEM,
IpoiIeT MPOBEPKY MEHbIIE YeM 3a 15 mu-
HyT. KOHEYHO, 3TO NPOUCXOAMT PEIKO.
OOBIYHO, CTYIAEHTHl BIIEPBBIE YHUTAIOT
y4€OHUKH B TO BpeMs, MOKa CHAIOT HK3a-
MEH, MO3TOMY 3TO MOXKeT 3aHATh 30-45
MUHYT, JIJISl TOTO, YTOOBI U3y4UTh UHGOP-
Mmanuto. Ecimu cryneHnt tpatut 6ombuie 60
MUHYT Uil COAQ4U TECTa, BO3MOXKHO, 3TO
CJIMIIKOM MHOTO BPEMEHH U BaM CJIEIYyeT
00CyIuTh MPOOJIEMY CO CTYACHTOM.

Crp 125,126 — Tabnuirsl

Detailed Advice for TAs about General
Laboratory Lesson Plan

0. Get to the laboratory classroom early.
When you get to the classroom, go in and
lock the door, leaving your early students
outside. The best time for informal talks
with students is after the lab!

YacTHble COBEThI JJf1 ACCHCTEHTOB 00
OCHOBHOM ILIaHe J1a00paTOPHBIX 3aHA-
THH

0. Pano npuxoaure B JIa00OPATOPHUIO.

[To npuObiTUM B ayJUTOPUIO 3AMPUTE
JBEpb, BalllU CTYIACHTHI JOJLDKHBI KJAaTh
Bac 3a JBeprto. HeodunmansHbie pa3roBo-
PBI TOJDKHBI MPOBOAUTHLCS TOCIe Jabopa-
TOPHBIX 3aHITUH !

Prepare the classroom by checking to see
that there is no garbage around the room
and that the proper equipment is on student
tables and on the front table. On the black-
boards, provide space for each group to
present its predictions. If you have
changed groups, list the new groups on the

IToaroToBrTe AyAUTOPHIO, YIOCTOBEPH-
TECh B YHCTOTE, B HAJTUUYUN HEOOXOIUMOTO
obopynoBaHus Ha pPabOYMX CTOJIAX CTY-
JICHTOB M Ha mepeanem crone. Ha kiacc-
HBIX JOCKaX HOJDKHO OBITH BBIIEJIICHO JOC-
TaTOYHO CBOOOJHOTO IPOCTPAHCTBA IS
MIPE3CHTAIIMU 3allUCEe O MPOTHO3aX Kaxk-
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board at this time also. Let your students in
when you are prepared to teach the lab.

O rpynmnsl. Ecau Bl HOMEHSIA TPYIIIBI,
TO TaK K€ COCTAaBbTE HOBBIN CIIMCOK I'PYIII
Ha JTocke. Eciy BbI TOTOBBI K Hayasy 3aHs-
THW, TO PA3PELINTE CTYJCHTaM BOWTH B
AyIUTOPHIO.

To keep the students from starting the
problem before they discuss their predic-
tions, set aside a small but necessary piece
of equipment. Pass this out only after the
predictions and discussion are complete.

Heo0xoanmo Bo3nepKuBaTh CTYJEHTOB OT
NPEXACBPEMEHHOTO HaJayla perieHus 3a-
na4u, nepes o0CyXIeHUEM UX MPOTHO30B,
OTJIOXKHUTE B CTOPOHY MAaJICHbKYIO, HO He-
00X0MMYIO YacTh 000pyaoBanus. ToJIbKO
HOCJIe TOr0, KaK BCE MPOTHO3bI U 00CYX-
JCHUS] CTYACHTaMU CHIeNaHbl, DTOT ATal
CUMTAETCs YCIEIIHO MPONASHHBIM.

1. Check students’ individual predic-
tions in your grade book

This should be done within the first five to
ten minutes of the starting time for the la-
boratory session, and not after. That is
one of the best ways that has been found to
encourage students to be on time to class.

1. OTmMeuaiiTe B OTYETHOW KHUIE IPO-
THO3bI KA3K/J0r0 CTy/IeHTa

DTO JOMKHO OBITH CAEIaHO B TEUYECHUE
nepBbiX 5 -10 MuHyT MabopaTOpPHOro 3a-
HSTHS, HO He MocJje. DTO OJUH U3 JTyUIINX
CIOCOOOB  CMOCOOCTBYIOIINI TTPUOBITHIO
CTYJIEHTOB B ayJUTOPHUIO K Hayally 3aHs-
THUH.

2. Diagnose major conceptual problems

This is easier to do for some problems than
others. When possible, the mentor TAs
will pass out research papers on common
alternative conceptions that relate to cur-
rent laboratories, and alternative concep-
tions will be discussed in the weekly all-
TA meetings.

2. /IuarHoCTMKA BaXKHBIX KOHLENTY-
aJIbHBIX 3a71a4

JIns ogHUX 3a/1a4y 9TO Jierde, 4YeM IS Ipy-
rux. ['1e BO3BMOXXHO aCCUCTEHT — PYKOBO-
JUTENb, pa3lacT HAY4YHbIE CTaTbU O BO3-
MOKHBIX ~QJIbTEPHATUBHBIX KOHIICIHIX
OTHOCSIIIMXCS K JaHHBIM J1a0OpaTOPHBIM
paboTam, U aTbTEPHATHBHBIC KOHIICTIIIIU
OynyT 00CYXKIaThbCsl €KEHEICIbHO Ha BCEX
COOpaHMSIX aCCHCTEHTOB.

No matter how severe students' conceptual
problems seem to be, how unprepared stu-
dents seem to be, DO NOT LECTURE to
students at the start of lab. They have an
opportunity to see the theory of physics in
their lectures and textbooks, but lab gives
them an opportunity to find out for them-
selves whether they are right about the
way the world works. Even if the lecturer
has not yet covered the material (which
happens  occasionally), DO  NOT
LECTURE the students about the con-
cepts or lab procedures. Many lab prob-
lems serve as good introductions to a top-

HE CIEAYIOT YUTATH JIEKIIUIO
CTyJCHTaM B Hauajie JabopaTOpHbBIX 3aHs-
TUW B HE3aBHUCHUMOCTU OT CJIOKHOCTH KOH-
HENTYyalIbHBIX MPOOJIEM, ¢ KOTOPHIMU MO-
T'YT CTOJIKHYThCSl CTYACHTBI, U JaXKE€ €CIH
OHHU HE MOJTrOTOBJIEHBI K 3aHATUIM. B KoH-
CHEeKTaX U Y4YEOHHWKAX CTYAEHTHI MOTYT
O3HAKOMUTbCA C Teopueill mo ¢Qusmke, a
nabopaTtopHasi paboTa JaeT UM BO3MOXK-
HOCTh CaMOCTOSITEIbHO OMpPEIEINTh, Kak
paboTtaroT 3aKoHbI pu3uku. J[axxe B ciyuae
€CITM JIEKIIUST Ha OOCYXIaeMyl TeMy He
Obl1a MpoyuTaHa (YTO MHOTAA MPOUCXO-
mut), TO HE CIEIAYET YUTATDH
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ic, and need only minimal reading from the
text for students to be able to complete the
Predictions and Methods Questions before
the lab.

JIEKIUIO ctynentam o0 oOrmiem mpen-
CTaBJIEHUE WM J1AOOPATOPHBIX MPOLENY-
pax. MHoxecTBO 1abOpaTOpHBIX 3ajad,
CIIy’)KaT XOpOIIMM BBEJCHUEM B IMPEAMET
OOCYXXIEHHSI U JJi1 TOTrO, 4TOOBI CTYACH-
TaM TIOMOYb MOATOTOBUTH JO Jiaboparop-
HbIX pabot [IporHo3sl u oTBeTH HA MeTo-
audeckre Bompockl, HE0OXOAUM TOJIBKO
MUHHUMYM UH(}OpMaIuu u3 yueOHUKa.

3. Lead class discussion about reasons
for group predictions

This is important! Many students can
come up with correct answers or reasona-
ble looking graphs for strange reasons that
do not follow the accepted laws of physics.
If you do not discuss these reasons, your
students will never realize later that their
reasoning is incorrect. DO NOT TELL
THE STUDENTS IF THEIR
PREDICTIONS ARE CORRECT! This
would spoil the whole purpose of the labs.

3. Beaure 3aHsiTHE 00CYKIEHHE MHTEJI-
JIEKTYaJIbHBIX NPOTrHO30B I'PyNIaMu
JTO0 o4YeHb BaxkHO! MHoOrue CTyAEHTHI
MOTYT TMPEIJIOKUTh MNPABUIIBHBIE OTBETHI
WIA TOCTPOUTH OOOCHOBaHHBIE AHMArpam-
MBI JJI Uy’)KHX TOYEK 3PEHHI, KOTOPbIE HE
IPUIECPKUBAIOTCA  OOLIENPUHATHIX 3aKO-
HOB (u3uku. Ecnu BBl HE 0OCyauTe ¢ HU-
MU UX TOYKH 3pEHHUS, TO BaIUU CTYACHTHI
HUKOI'/Ia HE NOMMYT, YTO UX YMO3aKJIto4ye-
Hua He BepHel. HE T'OBOPUTE
CTYAEHTAM, ECJIM UX TIPOI'HO3bI
BEPHBIE! Tak kak Ha3HaueHue jabopa-
TOPHBIX 3aHATHUH MOXKET B ITOM CIlydae
NOTEPATH CMBICIL

4. Assign groups problems to complete
(if necessary)

If you have a group that is working very
quickly, assign them longer or harder
problems. If you have a group that is expe-
riencing great difficulties, remember that it
IS better that they spend two or even three
hours on the first problem, and learn it,
than that they work quickly and do not
learn.

4. 3anaBaiiTe BBINOJHATDH 321a4U I'PyI-
nam (ecJju Heo0X0IUMO0)

Ecmu y Bac ectb rpymma, KoTopas OYeHb
OBICTPO CHpPABISIETCSI C 3aJaHUSIMH, TO
nanTe UM 0oJiee CIOXKHYIO U TPeOYIOIIYI0
OOJbIIIE BpPEMEHM JUIsl pEIIeHUs 3ajady.
Ecnm y Bac ecth rpymma, HCIIBITHIBAIOIIAS
TPYAHOCTH B PEIICHUU TEPBOH IOCTaB-
JICHHOU 3aJ1a4y¥, TO IOMHHUTE, JTy4IIe MyCTh
OHU TOTpaTAT Ha 2 -3 yaca OOJbIIe Bpe-
MEHU JUISI PEUICHHUS STOW 3a7adyd W Hay-
gaThCsl €€ pernarh, 4eM pemar ImpodaeMy
OBICTPO M HUYEMY HE HaydaThCsl.

5. Tell class when (at what time) they
need to stop and remind managers to
keep track of time.

If you see that there are prevalent or varied
alternative conceptions shown in students'
group predictions and reasons, you will
want to stop students earlier so that you

5. Coob0murte Kiaaccy, koraa (B Kakoe
BpeMsi) UM HYKHO OCTAHOBUTHCS M Ha-
NMOMHHUTE MOMOIIHUKAM 3a()MKCUPOBATH
JaHHOE BpeMs

Ecnmu BBl 0OHapy»XuTe YTO TPYIIBI CTY-
JICHTOB TMPUIUIA K OOIICPUHSATHIM WJIH
pa3INYHBIM aJbTEPHATUBHBIM OTBETAM B
CBOMX ITPOTHO3aX M PACCYXACHUAX, TO BaM
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can have a longer discussion of their re-
sults. If, on the other hand, students seem
to understand the relevant physics before
they begin their laboratory problem, you
will not need as much time for discussion.
The students should then be able to com-
plete the problem very quickly to check
their prediction.

CJIElyeT OCTaHOBUTH CTYJEHTOB KaK MOX-
HO paHbllle, YTOObl BBl MOIJM HMETH
Oonbllle BpeMEHH Jisi OOCYXKIEHUs IaH-
HBIX pPE3yJIbTaTOB. A C JIPYyroM CTOPOHHI,
€CJIM Bbl 3aMETUTE, YTO CTYIEHTHI ITOHU-
MalOT OCHOBY (M3MKH /10 TOrO, KaKk OHHU
HAYMHAIOT CBOM J1abOpaToOpHYIO paboTy, TO
B OTOM cllyyae BaM HE€ IOHaJO0UTCS
CTOJILKO MHOT'O BPEMEHU /ISl OOCYKICHHUS.
B »TOM ciiydae cTyaeHThl MOTYT pellarhb
33layd U TPOBEPSATh CBOU PE3YJIbTATHI
OYCHb OBICTPO.
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