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PREFACE

This textbook is intended for use with a bilingual teaching course of laboratory
physics in universities for the students majoring in physics. It contains thirty-eight
fundamental physics experiments, twenty-three projects and twelve PASCO
experiments. The texthook provides more than sufficient experiments for a full
three semester program, allowing the instructor to choose experiments consistent
with their preference and available equipment.

The experiments are designed for a three hour laboratory period. Each
experiment contains a complete list of required apparatus, a statement of the
objectives of the experiment, a brief description of the theory, and directions for
the experimental procedures. A description of the operation and use of the
apparatus is included in most of the experiments. The questions that follow each
experiment are designed to aid the students in making more careful observations
and interpret the results. Forms on which the data and results may be recorded are
included with most of the experiments. The instructor may choose to have the
students make their own data forms and not use the ones provided. Vocabulary is
attached to help the Chinese students to clearly understand the corresponding
Chinese meanings of the scientific terminology.

As the primary instructional resource for the students, the textbook naturally
plays a great role, and a central goal of this texthook and the bilingual teaching
course is to help students develop practical skills as well as improve their
professional English ability. Although this textbook is as much as possible in
keeping with the content of the original Chinese textbook{ JC*##H5LEG) | we try
our best to imitate the style of the original English edition to make the content easy
to understand by using simple and fluent English. In some parts of the textbook,
we even copy from the original English materials to avoid our Chinglish. We believe

that it will not be too difficult for Chinese students to use as a textbook.
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Of course, our work is never done. We hope to continue to receive comments
and suggestions from our readers so that we can improve the textbook and correct
any errors. If you find any errors or have any suggestions for improvements in the
textbook , please send us a note at wanglixiang@ bjut. edu. cn, or contact the author

directly who is responsible for the specific experiment ( See Table 1).

Table 1 Detailed information of the authors

Author Email Contents

Introduction, 1.1, 1.2, 1.7, 1.8, 1.10, 1.11, 1.12, 2.0,
2.3,2.4,2.6,2.7,2.12,2.13,2.14,2.15, 2. 16, 3.1,
3.2,3.3,3.4,3.5,3.7,3.8,3.9,4.0,4.1,4.2,4.4,
4.7,4.8,4.10~4.19, 4.21, 4.22, 4.23, Appendix

Wang Lixiang | wanglixiang@ bjut. edu. cn

Lv Chun spring@ bjut. edu. cn 1.5,1.6,1.9,2.1,2.2,2.5,2.6,4.3,4.5,4.6,4.9

Cui Min mcui@ bjut. edu. cn 2.8,2.9,2.11

Yuan Anjuan | yuananjuan@ bjut. edu.cn 1.3, 2.17, 3.6, 4.20,5.1,5.3,5.4,5.5,5.9,5.10

Duan Ping duanping@ bjut. edu.cn | 1.3, 1.4, 1.7

Liu Liying liuliying@ bjut. edu. cn 2.10,5.2,5.6,5.7,5.8,5.11, 5.12

We really appreciate the support from Teaching Affairs Office of Beijing University of
Technology and the Publishing House of BJUT. We are grateful to many of our colleagues for
their support and help. In particular, Professor Deng Jinxiang ( X[ 4: #£#(#7 ) , who is in charge
of the laboratory physics department for many years, and Ms. Zhang Bing( 5K f=%+:) and Dr.
Zhao Jinliang (#X 4 K {8 1), the technical assistants of the Physics Laboratory Centre. We
also want to express our appreciation to Professor Yan Junlin ( /%8 K #(4%Z) and Professor Xu
Min (#5852 #Z) , who gave us great encouragement to the bilingual teaching work over the
several years during which this book has been developed. We also thank all our talented
students, the users of previous unpublished teaching materials, for their comments and
suggestions in this rather lengthy process. Finally, we are deeply indebted to Professor David
Hallett( K10 - B3 F4524#%) for his proofreading work for the entire textbook. His support and

sacrifice are always appreciated by us all.



[l

B

AP S ek TP T A R R Bl 2 A S IR WGE B IR R . B
38 MEERIIHESCE | 23 MRIHHESSE A 12 4> PASCO S5, XULBTEAERS T =1
RS IIRRN A, LAE ST B ISAR YR B T R SR & BT LIS M TS

A LIRS 3 2, B SRR T K RAAS . KRB/, KRR
FSZ U TR, RS0 S50 %) S 50 B D v A SR AT T B . B SE R 5 T RY
Y82 T AT LR Bl A AR SE B B R AT SRR A SR . KA SRR T AIOR
ICSR LU BRI SR A MG . FOM T LA SRR A QORI RIE, MARERFBHER
F& . DRI AT LA Bh b [ 2 A e A T A% &l AR IR L B9 R S0 3L

VE 2 b e v B R, SOV JCSE B R AL FE o 7B S S R
AT RUE L 00 £ B 5 T B2 A AR i S R AR ) ) R 42 0 Bk TR, R
EARAPELRNE DRESFRM P CEM (REYHER) Riv—8, RITERR
A il 22 M ASE 05 0 ST RSB R IRV, o 7 SR 0 R 9 S8 SCLAE T4 AR B B R . TE
PR sy, FoATHE E IRF AR S SCh R, DU e e th B b [ EE . BATALS,
X T E AR, XA AR A R A AN KRR A

LK, BAVBAS R ITE AL . A 1A R AR AR TR R 2 AP A, DAE
HOEA IR SUE H AP MR . MR BABTASEIR, SEAMLESHER, HAIE
HE{F 2 wanglixiang@ bjut. edu. en, 8 5 5 STRHE ST H M E R AR (IR 1) .

®1 HEER

HH AL TR A M
%i,1.1, 1.2, 1.7, 1.8, 1.10, 1. 11, 1.12, 2.0, 2.3,
2.4, 2.6, 2.7, 2,12, 2,13, 2. 4, 2.15, 2.16, 3.1, 3.2,
3.3,3.4,3.5,3.7,3.8,3.9,4.0,4.1,4.2, 4.4, 4.7,
4.8,4.10~4.19, 4.21, 4.22, 4.23 5%

E A wanglixiang@ bjut. edu. cn

A spring@ bjut. edu. cn 1.5,1.6,1.9,2.1,2.2,2.5,2.6,4.3,4.5,4.6,4.9

11 i meui@ bjut. edu. ¢n 2.8,2.9,2.11

JiL B U yuananjuan@ bjut. edu.en (1.3, 2.17,3.6,4.20, 5.1, 5.3,5.4,5.5,5.9,5.10

B duanping@ bjut. edu.cn [1.3, 1.4, 1.7

P liuliying@ bjut. edu. cn  [2.10, 5.2, 5.6, 5.7, 5.8, 5.11, 5.12




[ K ZF4IESLL5/ Laboratory Experiments In College Physics ]

FATHE B RGBS Tl R B35 A AL 5 Tl K2 AR B 4 7 0 31 . TRl 1/ekisit
2507 [ S B SO ANRE B, R 502 24 ok 1 5 SC IR W B R TAR AR 4% 082, L Sy 3
SLH LB LR A SRR LA R FATT0d TR 45 AR RN R B
8, ZHR AT AT BGEZCE TAEMABHRE TIEL T THRKI RS, &
(T Z R FRATT AT A 64 KGR R 442 A — X A BObF 1E =X R A9 (8 R 11T, Bt AT
TR A4 & d B A AT A I . Bom , A8 ZIRVEERI David Hallett (K T
- BRAIRR) B, o A BT T SCFERON AR, M S RE RIS A A A BN R



CONTENTS

INTRODUCTION -ocoicienitiiiiiiiiiiiiiiiiiieris et ssesstesasessesastasinsassesaes 1

0.1 General Laboratory INStrUCLONS — ««ssssssssssssssessmmmmnninniniiiiiiiiiisssneee 1
0.1.1 Purpose of the Physics Laboratory «+e+eestessesssrasssnsmuommnnmmuamtninsnutiinneeseetes 1
0.1.2 InStruCtions  +++++++s+sesssssssasasnssossssssssssssusssssssssssnssnssassensenssssronssanaaanes 2
0.1.3 Lab Logbooks =+#=s+s=sssesersssunstusstutttustuiiutitiiiiitiittttiesnttaaanntaes 4
0. 1.4 The RepOrt «««««e«rsssnssssssssssssssttstuttutssestsssts st sttt bbb s e s st en s 5

0.2 Measurements and UnCertainty «««««««sssesssmesssesssssemmmemumumiensetennis 7
0.2.1 Types of Measurements — ++e++s+esstesssssstussmustuestntetittneniitniiininiitnitnennae 7
0.2.2 True Value and EITOr +ecceeeseseesesetntemntanuttimiettieiiitiiiteeitiitsesaarinaannees 8
0.2.3 Systematic and Random Errors «e+ve++eseeseesrsssesmmsiimiiiiiii s 9
0.2.4 Precision, Accuracy and Reliability «++=+eeseseessrsemeuiiiii . 10
0.2.5 The Gaussian(or Normal) Distribution ===« +ssssssessessaesesuentnentineiiiiinine. 10
0.2.6  Uncertainty of the Measurement =++=+++sssssessseasussiotiinitiitiiiiiiii 12
0.2.7 Propagation of Uncertainty ===+« ++sssssssssstussmnttimiitiiiiiiiiiiiii .. 15

0.3 Significant Figures «-+-ssesssssssssssmmsssinns 17
0.3.1 'What s a Significant Figure? «cceceecessncertntatiiiiiiiiniiiiiiiiiiiiiiiiiii, 17
0.3.2  Arithmetic with Significant Figures =« «eseseseeseseesmtiii, 18
0.3.3  Rounding =+« s+ teseeersensntnst ittt 19
0.3.4 Scientific Notation **++++ss+ssssasssasasssssssssossessossssssassassrssastsnsssssvsssessessssos 19

0.4 Data Analysis «««eeeeseeemeessnimimmimiiiiieiiitre s e 19
0.4.1 Tables #+ovrsertesrerateettttietieianetersrsastssesssssesesesssassssstssnssstssssssssssseses 20
0.4.2 Graphs  seccreseeesesnesetiontiiintiittiinttitatiittsintttattrattottttotatstuntonstasaees 20
0.4.3 The Method of Difference <e++seeserreeeratestttirttettsetisttsnssssssssertsssssssesnssennns 22
0.4.4 The Method of Least Squares =+« +++=+sssssssstustntttmmtimitiimnetttaaa. 23
0.4.5 Data Analysis Using Microsoft Excel — sreseereseereaiiitiiiiiieiiiciciisisnsestirisnsnsennne 24

0.5 Problems sscsreeeerreesetreteiestisutcsttsncettseiceststicsctttstossssctssssscsssssnsssscsssasns 28

UNIT1 MECHANICAL AND THERMODYNAMICAL

EXPERIMENTS .- coovvoeveieeieeeteeeee et 3

1.1 Measurement ()f Length ..... SRRET S STV B TRIEITe 0 0 eTuhein B ie: erermioTa mreToses b miaes Slaseace wrALE AW IO A OW W TN aIe 32



[ AZ4)IE LS/ Laboratory Experiments In College Physics ]

1.2 Measurement of Mass and Density ««+++s++eessseeessureessimmeeaiiueesinireiieeaieens 44
1.3 Determination of Rotational Inertia Using Cone Pulley Apparatus — «=+eseseeeeeeeen 53
1.4 Determination of Rotational Inertia Using Torsion Pendulum — ++++ereeereneiiiann.. 60
1.5 Young's Modulus «++s«+xeeeesssssereeemnmmmmmeiniiiessaiistiee e e 67
1.6 A Study of Vibrating Strings «+-++++sssssssssssssrusrmsunnsmmmemimmenesimemmsmmmmmenrereeen 73
1.7 Newton’s Second Law on the Air Track «««tececeeereeeneoenentmmmuereenereneerirneennnns 78
1.8 Conservation of Momentum on the Air Track «««««-«cceeereeerememeerermmesereimnenenenen. 86
1.8 Thyeel fne Peonduling « mssss vusns swss smsie 2sm 50500 3 60558 655555 5655 L4k rmmmms nass 91
1.10 Measurement of the Ratio of Specific Heats for Gases — -+vevoeereeeerinenciiinnn. 99
1.11 Measurement of Fluid Viscosity Using a Falling Ball Viscosimeter —«:+«eeeeeesee 105
1.12  Measurement of Coefficient of Surface Tension with the Ring Tensiometer --+--- 111

UNIT 2 ELECTROMAGNETISM EXPERIMENTS -...cccoooov. 116

2.0 Use of Common Electric Laboratory Instruments ««+«««sscseeeeaemmeienineiinn., 116
2.:0:1 “Thes Vollmeler  evs seowes vessss vassss s5ouss s 5uews 555 o w5 § gagos 5 § Sueias ssaus o es 116
9 0.7 The ATfiifiatan ®o56m s samms s saon s <oems G600 § BORes Laiing ¢ 6088 LGRS SHavii §nimie s esmme o simies 117
2.0.3  The ORmMmELer  +eesesessessennessenneetmnueseiuueeeiuseeieteiineeireeeiiieeeiiieeeinas 118
2.0.4 The Calvanomstar $5o5ee s somes s (o6 § 8aFes § 58 § SUs § M0 § SENaH 5 GO9S 8 G808 5 56w § 1850 118
2.0.5 Variable ReSistors ++++e+sessseessseseenumenneenteruneenesoneerunemeeeeernnemeerieemnnen 119
9.90.6 'The Tndictor csssse sesess soses s Susess saess vamas S S5 vuoess § (5 § S98s & eas 121
2.0.7 Decide Capacitance Box =+++++ssssss tosess astasisvonsinassnnsinnnnmssesmnnnnsnesans vaeees 121
2.0.8 Resistor Color Codisn, o sowsrs s sniviey somns s smagios samie's soesgs styniy's GOty geom § wiey s €opse 121
2.0.9  The Power Supply ++++ss+seessssnsrrumtmttontiiitii i 122
2.0.10 The Standard Cell ==+« seseesseeemnnetrmmneeiiuueeiiueetiieeeeiiseeiaseranreeeiineeeine. 123
D0, T]  MlCiimetas s s seseys vt s §ssees 5eses nyses SESEHS ESsees ssmps ¥ ¥wies Euesd § omevs vg 124
2.0.12  The Signal Generator «+=++++=+sssssssssssumemmntmtuiitiiiiiiiii et 127
2.0.13 Cathode Ray Oscilloscope( CRO) ++xsssssssssssnsessssntmintnninii i 129
2.0.14 Electronic Symbols — ##++ssssesssessussunmmtetiietitii it 130
2.0.15 How to Wire a CIrcuil = ==+++essesesssasssssansesssosonnosonssbsasssssssssiionsenosnsess 130
2.1 Usage of Multimelers  -«+sssssssssssnsssecasnssmaessansserssns movres somsus sasues s russs oo 133
2.2 Measurement of Voltage-Current Characteristic of Electrical Component ~— «++++-+- 140
2.3 Wheatstone Bridge «-:+-ses-sssverseessessmensismsstistisiisasesinsss s eanes et saes 145
2.4 Measurement of the Low Resistance by Using Kelvin Double Bridge Method -+ 150
2.5 Determination of the Temperature Coefficient of Resistance — roeeeerrereeeemereeeees 155
2.6 The Potentiomeler ms:s sssss dumess sesns s saons ¢ tonss o sxpmss suons s sy s seae sowes S5 S0 158
2.7 Construction of an Ammeter and Voltmeter «tceceereeeremmimiiiiiiiiiriinnneernmens 163
2.8 PN Junction Forward Voltage Temperature Characteristic =~ -«---eeeerereseersereees 169

.2



CONTENTS «

29 Tlecroutatic Ficld Simulabion v vvessoas sammns smorsusessntarsnsdsitsesuisns spesh senes 174
3 10 The Hall Elot  ssxsusmaresssvoassvevirsvismeysmssensossmen i srassmsbeyssonais mans 179
2.11 Magnetic Field of a Solenoid «««+«sssseeeessmsmmemmnmiiiiiiiii s 186
2.12  The Cathode Ray Oscilloscope( CRO)  «rreeessrrsrssssmummsmeniiiietesaiiiiiee e 191
2.13 Investigation of Magnetic Fields by Search Coil =~ «+eeereemseeremmeenenniieenen. 201
2.14 The Series RLC CITCUIL esveeerrssessnseeestattattatiuetenitoituetasssestnsscssasscssnaes 209
2.15 Measurement of the Speed of Sound In AIr  cereseerrersrerertstriirisnatatireiaaanes 214
2.16 Hysteresis Loop for Ferromagnetic Materials «++++ssseesssnssssssssiursnniesniiesnuns 220
2.17 The Transfer of an Audio Signal by an Optical Fiber —«coceveemeremerneceeenens 229
UNIT 3 OPTICAL EXPERIMENTS oo, 236
3.1 Adjustment of the Spectrometer and Measurement of Prism Angle -----eeeeeeeeees 236
3.2 Measuring the Refractive Index of a Solid «++++++seeesersriermusiiiiiiiiiniicinne, 245
3.3  Newton's Rings «+oseessessssssorsssssesssessssonsssnssspesivsnvesasesassisespussssensnssesan 249
3.4 Fraunhofer Single Skt Diffraction w++ssessssssessanssssssvnssssmss vaanssssvasos snsinsas 257
3.5 The Michelson INterferometer ««««teeeseesssnsseeereeeesessammmmmnmsseeeeeeeseesennnnnnes 262
3.6 Diffraction Grating «----sssssssesssereesmmmomiiiiiitt e 270
3.7 Polarization of Light +c+sstesssecsssusssucsssutsssnnsssstossonsesssnessssasssnsessnnassnnes 277
5.8 The Grating Spechiimeler rervsrvevsme: s sssnsyrssoes euriieyenneamsinse sssomnsenssssss 288
3.9 Measuring the Sound Velocity in Liquid by Ultrasonic Grating ««--s+eeeeeeeeeneens 299

UNIT 4 PROJECTS oo 306

4.

e

1
2
.3
4
5

6
7
.8
9

0

.10
.11
.12

Introduction to Physics Projects «««eeeeeeeseesssmrmiumiiiriiniiiii e 306
Design of Resistance Thermometer —«++++ssesseessmmneeriiiinimiii . 309
Measuring the Acceleration due to Gravity on Earth —ceeceereececeeiiiiiin... 316
A Study of Vibration on Strings «++-+eseeeessrursisesieiiiii 316
Measuring the Viscosity of Liquid at Different Temperatures ««o:seeeeeeieeeceiinens 317

Measurement of the Voltage-Current Characteristic of a Diode
by Potentiometer ceceeersreerertseensetetanstsesctsstssessssssnssssnsanssssnsassensssssssannns 317

Determination of the Temperature Coefficient of Resistance by Potentiometer --- 318

To Find the Emf and the Internal Resistance of a Dry Cell = -++eeovrereeienniininn. 318
To Find the Maximum Power Transfer from Source to Load — +++eeoereeeeeinnniininn. 319
Measurement of the Current in a Circuit by Using Compensation Method «-++----- 319
Verification of KirchhofPs Laws ««r«cecesesesesenememurmeieestnenaneeseiesseeenenennenens 320
Make Your OwWn MUltimeter «c«ecccecceesseretotensneresssnenssssssnensssencnsssssoncses 320
Measuring the Speed of Sound in Pure Water —«eeoeeeeeeieirniniiiii, 321



[ X 4IRS IE/ Laboratory Experiments In College Physics ]

4.

s

13

.14
.15

16
17
18
19
20
21
22

.23

Study of Phase Difference Between Voltage and Current in

Series RC and LR Cirouit  eossss smoses somsss s ssmsiss sussis s sess simbins s siasis 555570 smance 321
Study of Resonance in Parallel RLC Circuits «+«+«=++++sssssrerssererinareerieeeeoinnns 322
To Study the Power Output of Solar Cells «++«++vvrevrrmmnmmniemnereririiiiiiiiiiiian. 322
Measurement of the Apex Angle of a Prism ««-eoseeeeeeeeermmmiimiiiiiiiiannn.. 323
Measuring the Refractive Index of a Prism  ««eevveeeeeeeeeemimmmmmmiiiininnnann.. 323
Measuring the Refractive Index of Liquids +««++«+++vsevevermmmmmmmmmmniiiiiiiiinien.. 323
Measuring the Dispersion Curve of a Prism  «««+eeeeessserseeesesememmiiiimini, 324
Measuring Wavelengths of Mercury Spectral Lines — +eecveereeeoemmneninininn. 324
Compare the Spacing Between the Tracks on a CD and a DVD  ++eevevenreneennn. 325
The Optical Rotation of Sugar SolUtONs «+««+++++xvevremrmmmmmmmmmmmmiiiiiiiiiiiieeann 325
Construction of Telescopes and MicroSCOPEs «+++-++xsseeeeeeeserneriannniimiiiniinn. 326

UNIT 5 PASCO EXPERIMENTS oot 327

5.1  Rotatonal TNErtia =« eereeeerentnernmnenentnentneetntaseneneneneneneneasanaeerereseenenens 327
5.2 Driven Damped Harmonic OScCillations +=«==ssesrrsrreereeeeetieieiieiiieiiiieiniiiaennn 331
5.8 Chags meessssses susmes s ssenss sausos ssesn {554 § Sowss § 500 s S65en5 T6 5 hemos 5658 sivms ¢ wse 336
5.4 LRC CirCUIL «eeeeereereesmnnnememmmmmneensteuueeteeetutinseeerteans e eeeansnnnaeeeereeenns 342
5.5 Magnetic Forces on Wires — ceoetecreeecsmeteniintiiiiiiiiii s 350
5.6 Magnetic Fields of Coils +ssvveevsnsmnssusansvananesummsnnssansessnsoss smsess sasoss saane s sos 356
5.7 Earth’s Magnetic Field «+ccoveeerererreeeeeneiini 361
5.8 Atomic Bpeviis sescss smess svsms susssssmenss yumes cxenss (53 SR SIS S48 S99 SRS 365
5.9 Brewster’s Angle ........................................................................... 372
5. 10  Photoelectric Fffect ««««eseressenarenernnesnermnerseesessesseeeneesiersneesnaeeneesnnns 377
5.11 Blackbody Radigtion «+ecsesrsernretssnontocnonssrosoneseaanssnensssrasasasnsnssasessssnse 383
5.12 Cavity Radiation ceecesereeremeetimmiiiiiiiiiiiiiieiiitterarnnenrsenrnasaseetssessnaenennn, 387
APPENDIX i sossii s.axsnis annmss siiais oamsns sains s 500 iaasas oboisns » 4455 § 55008 555055 soninma nomans 391
Table A.1 Values of some fundamental physical constants( MKS units) —«eeeeeeeeeeeees 391
Toble A7  TURAGHEntal ST TS wo- vomeesevemos veeses cxaves cusms soronsvmmmen ssgss goappy comen s 391
Table A.3 Some derived SI units used in physics eeeeeesrreeiii 392
Table A.4 Tables of COMVEISIONS «««+«+xssrssssssssesnssuneeunenaessarmnersemennnessmeennees 392
Table A.5 The SI prefixes ««eeeeeresssseseeertrmemmiiimimiiiiaaesees 393
Table A.6 The Greek alphabet «:sssssesuoscssasnss sssurssssssnssonesansons ssnsesuesssnsnssos 393
Table A.7 The acceleration of gravity on the surface of the Earth at sea level +-=++-- 393
Table A.8 The acceleration of gravity at various altitudes on Earth «-ceeeeeeeereeeeeeee 394

4.



CONTENTS =«

Table A.9 Young’s Modulus for metals and alloys(20 C) = crereereremeeememeeieiienee. 394
Table A.10 Density values for selected materials at 20 C «ecevevreereereiiiiiini.. 394
Table A. 11 Coefficients of viscosity of various fluid «r+seeerererenrremeniiiiiiiiine, 395
Table A.12  Experimental surface tension values —«««e--=sesssseememeseenmininniieeeans 395
Table A.13 Density values for water at different temperatures(1 atm) «weeesecereeeenens 396
Table A.14 The speed of Sound «sseseeeeeeeeemmsmummereienieiiieete e 396
Table A. 15 Some coefficients of linear thermal expansion «+«+eeeeereereieaniiiiiaee. 396
Table A.16 Thermal conductivities for selected materials ««e«teeeecrerinianeiniiiennin.. 397
Table A.17 Some properties of dielectrics ««--+-sssrsrsrrmreeremmmmiiiinrir e 397
Table A.18 Resistivities of some materials at room temperature (20 C ) coceeeereeeees 397
Table A. 19 Soriie ndoxes of FEFFAGHOR  «wesws «vwess verores burben vawmensmrone vossanssnanmnvoss 398
Table A.20 Wavelength of spectral lines for common used light source — «=e-eeeveeeseee 398
Table A.21 Mathematical symbols used in the text and their meaning ««+e-eeeceeeeeees 399
Table A.22° Derivatives of common: finclions sssssssssmsessmmessssmsssmsmssrssnssssammssss 399

REF E R ENCE oot et et e e aeens 400



INTRODUCTION

The student should read the entire introduction very carefully since references to it will be made

in many sections of this book.

0.1 General Laboratory Instructions

0.1.1 Purpose of the Physics Laboratory

Physics is an experimental science. The theoretical concepts and relationships introduced in the
lecture part of the course describe the general nature and behavior of real phenomena. They
were discovered by careful observation and thoughtful analysis of actual experiments. Genuine
(EIFfY) understanding entails (5% ) being able to relate the abstract ideas to the particular
facts to which they correspond.

The premise( {ii#2) of the scientific method is that nature is the ultimate judge of the truth
of any physical theory. Indeed , experiments designed to prove certain ideas have often ended up
showing them to be wrong. Consequently, all physical concepts must be verified experimentally
if they are to be accepted as representing laws of nature.

Accordingly , the introductory physics laboratories have the following purposes and goals:

(1)To provide an experimental foundation for the theoretical concepts introduced in the
lectures. It is important that students have an opportunity to verify some of the ideas for
themselves.

(2)To familiarize students with experimental apparatus({{#%) ,the scientific method , and
methods of data analysis so that they will have some idea of the inductive process by
which the ideas were originated. To teach how to make careful experimental
observations, how to think about and draw conclusions from such data.

(3) To introduce the methods used for estimating and dealing with experimental
uncertainties ( ANffi 52 J& ) , including simple ideas in probability theory ( #f%if) and

“

the distinctions between random ( statistical) and systematic “errors”. This is essential

in understanding what valid conclusions can be deduced from experimental data and
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that, properly obtained, these conclusions are valid, notwithstanding ( J % ) the
uncertainty of the data.

(4)To learn how to write a technical report which communicates scientific information in a
clear and concise( f&j %) manner.

(5) To introduce new concepts and techniques which have a wide application in
experimental science,but have not been introduced in the standard courses. These may
require that the student consult additional textbooks.

The laboratory is not a contest whose object is to get the “right answer”. The purpose is to
learn how to gain knowledge by looking at reality, not an attempt to make reality conform to
preconceptions ( TiiA8 ) . The important thing is to learn how to be observant (3 T W) , to
really see what happens, and to deal with this information with the strictest integrity ({55 ).
And to understand , or learn to understand , the meaning of what happens. Even if you get results
totally at variance with ( Fl--+--- AFF) theory(as may happen due to a mistake,or a systematic
uncertainty) you will get a high grade if you report it honestly and demonstrate that you
understand what you did and how your results occurred. (If you have trouble interpreting your

results , contact your instructor ( Z{Jifi) for help. ) On the other hand, if you get perfect agreement
with theory by falsifying ({1 ) your data you will fail.

0.1.2 Instructions

The instructions (¥55+5) for each experiment include some basic theory on the phenomenon to be
investigated and a description of the procedure ( # 3% ) to be used. You should study these
carefully before coming to the laboratory to avoid waste of valuable laboratory time figuring out
what should be done. You will be told well in advance which experiments are to be performed
(52/%) and the date for which each is scheduled ( #i %€ ) so that there will be time for
preparation.

The instructions for each experiment include a list of the required equipment (1% %% ) ,and
the necessary equipment will be laid out at each assigned place in the laboratory. You should
check this list against the items on the workbench( T{Ef3) to make sure everything necessary
is there and in good condition. Anything missing or broken should be reported to the instructor
or assistant( Bi#() at once. At the end of the period, check the apparatus again and leave it
neatly arranged. Do not disturb other equipment that may be in the room but is not a part of
your present experiment. Always abide by (J#~F) any precautions (%45 ) that your instructor
may have given you regarding the proper handling (#:{E) of the equipment. Delicate (}§% 1))
equipment may be easily damaged.

Before beginning the experimental work always read the entire procedure to get a general

idea of what is to be done. Work quietly and attempt to make the most careful observations
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possible by adjusting (1%77) the equipment so that it will give its best possible performance( %
fiE) . The instructor will discuss any required special instructions needed for the apparatus being
used , including precautions and perhaps some special techniques which should be used to get
the best results. The instructor may also choose to discuss the underlying theory ( FEAXJRHE) at
the start of the laboratory period and discuss the results at the end of the laboratory period.

Record all the observations and data directly in the blank tables provided for this purpose
in each experiment. Do not use pencil or correction fluid ({4 1F# ), and the record must
not be erased. If a mistake is made,draw a line through the measurement (il #{g ) and place
the corrected value above. Do not use “scratch” ( ¥£%5) data sheets from which data are to be
transcribed (%5 ) onto the blank ones. Very neat data sheets can be made out this way, but
mistakes can also creep in ({515 1R ). The instructor is interested in an original data record
(JRHAEHEIC ) and is willing to put up with( Z2.5%) a certain amount of sloppy (V& F )
penmanship (55 ) in order to see the direct recording of the actual data taken in the
laboratory. Be honest in making and recording observations. Record data as indicated by your
equipment and not as you thought they were supposed to be. Copy no data, conclusions, or
computations from any source. If your results seem to be outside the limits predicted by the
experimental uncertainties, recheck ( 4% %} ) your measurements and computations. If this does
not give the answer, make the best possible explanation for the discrepancy ( 22 R ). The
original data record must be presented to the instructor to be checked and initialed ( %
%) before you leave the lab. This permits obvious errors to be found. The copy of the original
data record is to be included with your lab report.

Do not hesitate to discuss any details of the experiment with the laboratory instructor during
the laboratory period. You may want to question certain procedures or suggest improvements in
the method. A good question may be more important than a good answer.

The data should be followed by sample calculations showing the method of obtaining the
results. Each set of calculations should be headed by the pertinent (4 %)) equation so that
anyone reading the report can see what mathematical operations ( ¥ % iz 5. ) are being
performed and why. State all formulas( /A3X). Identify all symbols. Substitute( #{X,) one set of
data into each different formula. When stating results, express answers with proper units and the
range of uncertainty if the experiment requires precision analysis (¥ & 43 #7). Watch your
number of significant figures( A %45 ) . Number the steps followed so that your approach may
be easily understood by the instructor. An electronic calculator ( H,Fi154%) of your own may
and indeed should be used, but be careful. Erroneous (4 i f)) entries produce erroneous
results ,and all numbers should be looked at to be sure no careless mistake has crept in. A quick
order-of-magnitude ({12 ) check by hand is sometimes useful.

When reporting graphical results, show carefully slope ( #}3%) calculations and the values

obtained from the axes of the graphs. List the numerical results as found in the computation
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outline. If the results are qualitative( FE 1)) , describe briefly.
Many of the questions at the end of each experiment are intended to stimulate thought and
to guide the student in drawing conclusions concerning the results. These questions are to be

answered in discussion style. Use proper English so that communication between you and a

reader will not be impeded (BH 1L ).

0.1.3 Lab Logbooks

One of the vital skills of a scientist is the ability to keep a good record of his or her work. The
skill is hard to develop, but eventually it becomes a good habit. Your bound logbook is a
permanent record of all the work you do during and after the lab. It is much more than a simple
collection of numbers—it should also show the setup for each experiment, describe briefly the
procedure, list all your measurements, show the steps in your analysis,and answer the assigned
questions, etc. Additional material such as computer generated graphs, photos, and copies of
shared data may be pasted into the loghook as necessary. At the conclusion of any experiment,
it should be possible to extract a written lab report easily from the notebook.

The instructions below should be followed for lab logbook ( S5 TAEiC K A) write up:

(1) Use a bound notebook with numbered pages. Don’t use loose sheets of paper. Extra
material , such as computer printout, photographs, etc. ,may be pasted or taped into the
book.

(2)Skip the first page or two to use for a Table of Contents( H 3¢ ).

(3)Each new lab should start on a fresh right-hand page. The name of the experiment, the
date,and your lab partner’s name (if any) should be clearly visible at the top of the
first page of each experiment’s entry.

(4) Enter the following information at the beginning of each experiment: a) the purpose of
the experiment; b) the apparatus used; ¢) the theory of the experiment. Generally a
few words in the loghook describing what you intend to do should precede the actual
data set at each stage of the experiment.

(5) Literally ( Z5#1) writing down what you are doing in as succinct (&% #J) a manner
as possible. Full sentences and good grammar are not necessary. It also is not
necessary to reproduce in detail the procedure described in the experiment write-up,
but just summarize each step as you go through it. It is insufficient , however, to have a
page splattered with numbers, calculations , and tables. Those numbers and calculations
must be embedded in a “verbal” context so that it’s clear what each entry is. Note the
relevant experimental conditions and record any unusual events that might affect the
experimental data,like someone accidentally turning on a light when your experiment

was supposed to be done in a darkened room.
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(6)The data should be tabulated(%)3%) as it is taken ,whenever possible. Then,if a good
result is to be obtained , the quality of the data should be determined before leaving the
laboratory. The data should be checked for consistency, by repeating a portion of the
measurement. Any important graphs, calculations, or estimates of uncertainties should
be done before finishing the experiment to ensure that the data is *“ good” and
sufficient.

(7)The log book should be written in ink,since penciled writing can be erased or lost. If
you want to delete something, cross it out such that it can still be read rather than
erasing it. You may find out later that you want to know this information after all. You
should never tear out pages from your loghook !

(8) Each student must keep an individual logbook though you will sometimes work in
pairs.

(9) The logbook for each experiment has to be signed off (%7457 ) at the end of each
session. This signature will serve to confirm that the work has been completely
satisfactorily. Marks will be deducted( $11[5) if it is found that you have altered your
original data record outside of laboratory hours. The logbook must be presented for
grading one week after you complete the experiment. Because of the grading schedule,
you will need to buy two logbooks dedicated to this course alone. You will be working
in one while the instructor is grading the other.

(10) Do not use red pen in your lab loghook ,because the instructor will use red pen to grade.

The crucial test of a good logbook is that it provides you ( not the instructor!) with a

complete record of everything that you have done so that long afterwards you can recall all
relevant facts. The technique of keeping a good lab logbook is a very useful skill to develop.
Professional scientists and engineers routinely maintain detailed logbooks of their experiments.
In industry , these records are used as legal documents (£ #:1EM]) to substantiate claims of
original discoveries and subsequent patent rights (% F|£). In the research lab, many a Nobel
Prize (47 U1 7342 ) has been won based on unexpected findings that were first recorded in a
loghook as an oddball( }7P%11)) observation and later found to be important. The results in this
class probably won’t get you a trip to Stockholm ( {55} /K ) , but we are going to get you into
the habit of keeping a good experimental loghook so you will be ready when that “eureka” ( #7

MEE“$83) 7 ) moment arrives.
0.1.4 The Report

The following elements should be included in a formal lab report

1. Title and authors.

2. The purpose of the experiment. Give an extremely short (only a few sentences )
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