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Preface

This book is an English — Chinese concise course of university physics written for
engineering students. It is a textbook for teachers who are engaged in bilingual teaching of
university physics and students who are learning this course interiorly.

This bilingual textbook has a moderate difficulty, which is easy to teach and learn. The
content selection of this book is in accordance with the basic requirements of college physics.
The main objective of this textbook is to provide students with a clear and logical presentation of
the basic concepts and principles of physics, so we try to reduce infinitesimal calculus and
mathematical derivation in order to emphasize physical essence and establish a distinct physical
image. A considerable number of examples and exercises are provided to strengthen the
understanding of the concepts and principles, and the answers for the exercises are attached at
the end of each chapter.

This book is divided into five parts. Part I ( chapters 1 — 8) deals with Newtonian
mechanics, including the kinematics of mass points, Newton’s laws, momentum, work and
energy, the rotation of a rigid body about a fixed axis, oscillation and wave, and special
relativity ; Part IT (chapters 9 —10) is concerned with gas kinetics and thermodynamics; Part
1T (chapters 11 —16) covers electricity and magnetism, including electrostatic field, electric
potential energy and electric potential, conductors and dielectrics in electrostatic fields,
magnetic field, electromagnetic induction; Part IV ( chapters 17 — 19) treats wave optics,
including interference, diffraction and polarization of light; Part V ( chapter 20) represents an
introduction to quantum physics.

The editors deeply appreciate Professor Jiang Shaolin for his advice and Dr. Han Shouzhen
for his modification of this book. We sincerely hope this textbook is helpful for the students.

We acknowledge the support from the Textbook publishing Foundation of Beijing University
of Technology.



Tnf

HY

AHR AKX RORFYEEAHMN, BAIHRAFET R “X
FUEREHRE REMHETH, TUEATFRAFWEIEHFRENE
WURFEIAFPERERBOFELENEMREEAH

AFREET, REAK., ZHIF. EABRNRE LR RERE KW
BREWEKER, RAKE, EFEL, dWEFTRERFATREY
WRARFERT . HRYE. FHREBRD LM, RozH o ¥#
T, URHWEAR, ZXGANWEER, H T w5t 34840 72 iy
B, FPRA-CHENFE, R, RET FREEE RS FEE S
q, AEBREREMALEE

AARER IR B—HY) (F1E—F8FE) RFFL¥. KA 5
B XA REFANE, KYF RPN EX L ARRES ¥, FHEHE, 3
B, ik, Bkt s; F-80 (F9F—£10%F) @K
Bpfap i, F=H0 (FUE—F16%F) BT EM L, #¥A
B, AERRy. eH e BEGT N RRRENR. B R
By FWEHBHY (B1TE—F19F) HREFARFHAE, BELH TS,
THUE R FEHS (F20F) HEANFTEFTAFRREMEX
W&

RMIIARELTARAF RN ETRENL, RS TFREFTAAER N
BERERL,

AHHHRBE TR AFEMBRESHEE, ERRTELHN
Rt o

RIEHNAKF, FFREAFZZIL, ARFTHEHHAMTE,



Chapter 1 The Kinematics of Mass POIRES «------t-rovrvrvreemrseiernieriuisnrseann. 1
L. 0 P oS tion NG CHOE <5 w50 GHiliininiessmimisimmai simrhireis s siisl Saimatgis SAio i DA o4 oy R S ia i s i 1
1.2 Displacement — «eeeeeeesessesisiiiiiiiiiiii 2
1.3 VeloCity  «eeeeeereeesesessimmiiiiiiiiiiiiiiii s 2
Tl (A CCETBTRLIONT  iasisiis eieinia eiinim s i S sl st SR ST AR A e 5 SN SR TR e i it Wi S s 3
1.5 One:Dimensional Motion s wisss ssssissssins s sawe o eswss Susivegess Saapassnsnssss 5
16  Ciiniler Mol #5ismsssmmwsseorssommrseppoe s Sassssuns SMah agssb i ah smmmn s s ver 7
1.7 Calilean Translorination: «5 soses s as 5asss Sammss ssisiass smstiessss o a0 vusss HRGNS o488 10

- B B[ g ) - P S 14
e 1 7o SRTCRRN SRR PEE NI 4 - WIT I, EP 57y O TS TR - A 14
1.3 JRUEE s svnssusansinisnnsn savmnssanwee s ipies s dbins iy s FERN PR 5 S5 0] o s ame o myn B 14
L P — 15
1.4  BIIDEER sverrsssan sipoes vomitonhuimiorn nmmmomumryow oo sty o as du sty £h s Bis'spn s ks saikimar yie 16
1.5 —MERR gl e ensovssononcey srmpen sunmas cauass sansspaseasn iss hasapasensvnsensqunns s sues ongHs Cons 17
Tl . TR T prmonmonmp o oA R s Stioiss Se D Ra A A A W 19
17 ARSI e eveeereenneeereeseese s e et st s e e 22

Chapter 2 Newton’s Laws ----ccoeoeemmmi 25
D 1. INCNIOIE, LaWE » »iiniess sosseiatam sorsss sy rmss B0 Vgais SEmR M S8 TR SR B b i e IS S S PSS 25
D) e ToTees (OEETl STEIL Soiss5ess s Sotnns o iinmis snimns s suje's s Sedas = siee s SSERREH AoEE PSS Sl 27
2.3 Examples of the Applications of the Newton’s Laws «c-ececeeeereeenenciiiniiiiieene. 28

W2X ERPEETITRER - < oorn v wnons s sommen vumses sngons sabvs phpmass assbes siohe s ongon ssstm 34
3.1  ZERREE R s o6t snvess saspeorsersasenss wisssssanss assrnnssnspasnans sommsaspensboansoys 34
2.2 B LB LR g ceeeeererenrer e e 35
2.3 BAE B R PR -ovvveersreresssnmemvnmersasnesparsbrsssasssghisesssnnessopssssvase 36

Chapter 3 MOMENIERL <05 svoeesasissio conome somsiinnatads s bbbl shlins eaniies sommbiedsive s e smnenne 41

3.1 Momentum, Impulse and the Theorem of Momentum of a Particle «++-eeeeeeeeeeees 41



3.2 Conservation of MoOmMENtUI +++eessreeeeseeresteeaaetnoratcocsoccesssssesastssttsotacncscns 43

FEIET TR oo 48
3.1 ZHE R USRI coeereerreseverasossnnosntonsnasasnenesnaasstasass sisns 48
3.2 ﬁ]ﬁ?j“lﬁ ....................................................................................... 50

Chapter 4 Work and Energy ---------cccooeeeermiinniiiiiniii i 53
L s T e O OO T O G G A DT O i R iR 53
4.2 Kinetic Energy and the Kinetic Energy Theorem of a Mass Point «+treeeeeeeeeeeees 55
4_ 3 Conservative Force ........................................................................... 57
4.4 Potential Energy .............................................................................. 59
4.5 The Kinetic Energy Theorem of a System of Mass Points, the Principle of Work

and Energy, the Law of Conservation of Mechanical Energy — «etceecereerreceeencens 60

AT THRABE ---ocoooovveriemiiiii 67
O R T T TR 67
4.3 U TR S B BR T s suees oamons cacoss vionsnn vhmtet st s viams s ronsn von s 4 dusles £oinss o 68
4.3 R R g e e 70
D@ BT e v s e s AR e ORI iSO KSR S R e e 72
4.5 FREEMNIIEEETE THEEEH HIBREESFIEGI L e eerrrreremrrnreeenerneneennn, 72

Chapter 5 The Rotation of a Rigid Body -«---ocoooeeeeeneniiiinniniiii, 77
5.1 The Rotation of a Rigid Body about a Fixed Axis «++++eseeeerereeerereeeiiiiinniniinnnns 77
5.2 Torque and the Law of Rotation of the Rigid Body about a Fixed Axis = «++eeeeee-e- 78
5.3 Work and Energy in Rotational Motion «ecessseessesssssssaressscsncsssssescssscssareonses 82
5_ 4 Angular Momentum and Its Conservation ................................................ 84

BSHE BUEKEIRETE - vorve cvoves commme vms covwes wmmmns sowas sxmun s vomsns wasion asimas owssor s 91
5.1 RIRBEBHHEE B o vovererereer e 91
5.9 N ARSI SREER conxerernes amnivopaes srbens ivvns s v i eons's et esmes 1os 92
8. % AR I T «ncoss v s s R S A G R R ¥ 95
5.4 fHENERARTNEFAE v ooeerre oot s 97

Chapter 6 OScillations -+ coeeeermniii 102
6.1 The Dynamic Equation of Simple Harmonic Motion — «+«ssreereeneereeneenainannannn. 102
6.2 The Description of Simple Harmonic Motion «++++ssssssersererermmiiinniiiieineinnn. 103
6.3 The Rotating Vector Diagram ............................................................ 106
6.4 Energy in Simple Harmonic Motion «++++++++sssssessesssssisiummummuniininniniineeenee, 107

6.5 Synthesis of Two Simple Harmonic Motions of Same Frequency in Same Direction



%6%‘- HRED - oveeevemeem e 113

6.1 FHIBIRBHEUBFIEETTRR oooerrmerreemmmrrertminiti e 113
6.2 TEFEIEENAUHEIR <oovverrerrererr 113
6.3 FEHELRERIE --occveeeevrrernmsrtniiii i 116
6.4 TEIERIRBHAURERE -ocvvovevvrrrrmrrrmi 117
6.5 EFRIFBREE S MIRIREIAT AR orerrerionsdsdiasssannressaneeraseedanesosss 118
Chapter T Wave MOtION  :occoviosssumsnansmmasnsssseosesssnss ssasssssinsuionmsesseosesss 122
7.1 Traveling Waves «eceeeeeeeeeeesessmminnummmtiiiiiiiiiie e 122
7.2 The Simple Harmonic Waves ++++++seeerermmmmmiiimmieniennitiiiniiiiiis 123
7.3 Energy in Wave Motion and Intensity of Wave cecececercriritciiiieiiciceiecinnnees 125
7.4 The Principle of Superposition and Interference e:-oeeoereereeeerieeiieieiiiiiinn. 127
7.5  Standing Waves «++--+eeeeeeeeesssmminiiiiuiiiiiiiiii 129
EETE BB oo 135
T 1 FFPE coeesrsorssesnsntasssnsonnosanasnasssssnensonssssnnasssesnsnessrorsessesssansosansnnneness 135
7.2 FRIPBIE vvvvrerrrrrereree e 135
7.3 FEBUEEIE JRBUSRBE »evcosrsssecnervmersansissnsisnsanmnsssnmmasanerrsasansssssass assasss 137
7.4 JERBIIEE TP oocoocemcormmciresssmsncinmnmmaesstonsoransirsssosassssnnnssensases 139
T 5 - B et snmuntaiont s s o BB B i s S RS SRS T RN s e v s 141
Chapter 8 Special Relaﬁvity ............................................................... 146
8.1 Einstein’s Principle of Relativity «+-+++eesseeeremmmmmimiininiiiniiiii. 146
8.9 The Torentz TranslormatiGI =58 55 sasminmwis somioes SiEess Saap S somans osisivy Sov ey Soreas 147
8.3 Consequences of Special Relativity ««+++-seeeeeeeeresmmnmiimniiiiiiiiiii 148
8.4 Relativistic Mass and Relativistic Momentum «-«-sseseeeseserneeneniiiiiii, 152
8.5 Relativistic Kinetic Energy and the Equivalence of Mass and Energy = -«:e-eee-e- 153
B8 E FEMHATHE oo 157
8.1 ZHHERHPE UAHNTIEEEA ETE covovereerr 157
8.2 JBLZEATHR ovvvvvererrrentiiiitiiiiiiii et sre st s aaseae 157
8.5 VRIS vo o coiin smeme sy evamiassa s sy sessums ok s rpa s 159
8.4 AN ERAFTIETNE - vovvvrrrrrr 162
8.5 FARIIDRIEERITABIEZE T  snvest iisatonearsn sureen susbiie shasna sibanse snveos consssssssss s 163
Chapter’®  5Gas KIBHLS v onor srsssnisssssnssammsss npsanass iasssssasnnsssomsssuss 166
9.1 The State Parameters of the Gas,the Equilibrium State,and the State Equations
of fhe Tdealliag ™ = -sutvestimssabnenstioe s seraos Swsision $Hetts Sosmas s ales snodntois sy b 166
0.2" The 'Pressiire Formiila of the Tdeal Gag  swonsosssisanossitimonnmmnsibvevsssitss dasimnes 168



9.3 The Temperature of the Ideal Gas «++«-sesseesessessssssnsensnensinsiniteee 168
9.4 The Equipartition Theorem of Energy and the Internal Energy of the Ideal Gas

................................................................................................ 169

9.5 The Maxwell Speed Distribution Law of Gas Molecules -+-cetvereereeesececereneeees 171
FEOET FEBNITEIL - 176
9.1 SEMRES R THES HASIKIPRES IR orvervreemrsm 176
9.2  FHARARBYIEIR/NER «ooeerrrrrrr 178
0.3 FHAHSUKRBUIEEE --vverrrrerrrmrree 178
9.4 BERIANETR FIABSIRPIAE ----oooerrrrmrrrs e 179
0.5 EEHFEBIRIPIEME wooveooreronsrsressensressisisonsnensiiontonntoninas e 180
Chapter 10 Thermodynamiics ««-----oeeeeerermmmmmiiinini 184
10.1  Quasi-Static Process ««+e++ssssssssrsssessmmmmmmtiteeiaiiiiite st 184
10.2 The First Law of Thermodynamics «+««+«s+sssssessrereermereereeeininnininnianinnnenns 184
10.3 Applications of the First Law of Thermodynamics «+-+sceeererecerereesneneecenecenees 186
10.4 The Cyclic Process and Carnot Cycle «+=s«ssssseeesssmmmnmeeessnnniiiiiinnnnnanine, 191
10.5 The Second Law of Thermodynamics ««++++sssssssssmsssmrmmmmminmiiiiiiiiinieeinnennn 194
FI0E HAZE 198
10. 1 HEF ST R e er e e 198
10.2 B g RE R e e 198
10.3 AR BRI - oxoes - wanesnesssssssss sussnanesns sssnssaverns nbassasicass sansess 200
10. 4 FEIRGTFR  RTEREIR oo vvrrrerrrrrrr e . 204
10,5 B ohpmbiie:= Bl L i s s imenss csaiion subsobesiss onsss Sobier st s don S 206
Chapter 11  Electrostuflc TUEM -oswescesussppmasrenssscyrans tomsns soms s sonsassogos sy 209
11.1 Electric Charge and Coulomb’s Law «++esssersessrereermriniiiiiiiieiiieieiaiisininns 209
11.2 Electrical Field Strength and the calculation ««+«++ssseeeseeeeeseneaeanaenninnnninnnnns 213
11.3  Eloctiic Fiald.Lanes  weceeeonescemonsonsonssssins xisities $o5ie s disas enins somgs e gusasssesn 216
11.4 Electtic Flux and Caiissla Taw  seessssssmsamnses sessansine sosansseshns saossssiinnsaie 917
FI1E FREELG o 226
1.1, BUFE PSR covessronsyosvrsnssrsnsernessnes sansnsigad 665k yipto EYSBRSKllonr sh yansse 438 226
1.2 B T IO s ronrs s povsresmme s srpsvsorens commntues bog oo st ntns 4 xS 5 229
11,3 HRIGER --ooeermmerseronererunesitenittiiuiittttuestttuusstatsitttesistttasstiensasenes 232
11.4 HEE BTGB -oeeeeerrerrerss i s 232
Chapter 12 Electric Potential Energy and Electric Potential ---............ 239
19.1  Woilk of Electrostalic. Force., . itsssssues s sgenes spasnsisines ssasassisasiaisivysisis sisssols 239

o



12.2 Electric Potential Energy ............................................................... 240

12.3 Electric Potential Difference and Electric Potential = +e:+ecseeereereeneieiriiinene. 243
12.4 Equipotential Surfaces —++++++sssssrsssmmmmmmuiimninietttetititiii 246
F12F HBEBEEMEE 250
121 ERL T ATl o0 o oo smsonsess snnwnsnesssaqsirasismisosHiompamsm=teukiscoaid s ainy 250
12,2 EEZUBE  cevveeverrermstmniiii 251
12.3 B FTEL B ettt 253
12,4 R e e e et e 256
Chapter 13 Conductors and dielectrics in Electrostatic Fields ----------.. 258
13.1 A Conductor in an Electrostatic Field ccceceecececeeciiiiiiiiiiiiiiiiiiiiiisciniea 258
13.2 Insulators in Electrostatic Field ccececeececeereiiimiiiiiiiiiiiiiiiiiiiiieisitiiaanes 263
F13E BHIGPAHESETEB AR - [ETTIOs 269
13.1 BRI ER e 269
152 AR IRTRBI svss=vsovms survs wness trassunnnser sk exvasrusssiinss omosss shilss s vsrnsis 272
Chapter 14 Capacitance ..................................................................... 277
14.1 Definition of Capacitance «++++++ssssssssesrrrmmienntttitiii et 277
14.2 Calculating the Capacitance ............................................................ 277
14.3  Capacitor with Dielectric ~ ++++- B P RPRRPEES 280
14.4 The Combinations of Capacitors «++««+ssssseeeerrmmneseririmuiiiiriiii i, 280
14.5 Energy Stored in Capacitors and Electric Field Energy «:«cceceeeeeceneieicinenne. 282
F14E HBEDZBRIHZE 287
14. 1  EHZEBYTE N +revvereereseorsstnnermunetiuniiineniustiasiienisnadistisieasentasaiionsnans 287
14.2 EEZEAYTHE - cevereeresronsrimmmetiiiiiiiniiiiiiiiinestiaisiun sttt s sretas 287
T -1 - - PR PP 289
14.4 BB TE L v 289
14.5 fBFTER ARG HIRER - 291
Chapter 15 Magnetic FReld, ooosesennssnnsnssmennassionssvasms somaes ssmsse supvas usissss sssmes 295
15.1 Magnetic Field and Magnetic Field Strength ««--seeeeeerrueneeeriiiiiinnniiiiiin.. 205
15.2 Biot — Savart Law and Its Applications «+++++sssessseeerrmmmnniniiiiiiiiniiiiiinnn.. 208
15.3 Ampere’s Circuital Law and Its App]ications .......................................... 299
15.4 Motion of charge in Magnetic Field «eoeeesvmmmmmummimiiiiiinin.. T 302
15.5 Ampere’s Force «++eeeseererrermmmmmmmiii e 303
SEASEE BEIG - occeerriri SRR —— 308
15.1 RESG  REBG NGB BT o vevvremrnnee e 308



15.2 EEBE — BRARIRGERR L L P o evveeerermeemme i 310

15.3 ZEEIRBRETH R ERT ]  covereerereeerrse cerenns 312
15.4 ERFTFEREI T BIIB Bl - vvveremrermem e 314
15.5 2B JJoeeneenrenerntin e 315
Chapter 16 Electromagnetic Induction ---------coeceveeremiiiiii., 318
16.1 The Law of Electromagnetic Induction —«=+++ssserssseesnserminieiiniiinnenn o ddmsanm 318
16.2 Motional Electromotive Force «+seseeseseesceseceacensenractsaransassansassasssssscosses 321
16.3  Self INAUCLANICE +o+oessossssesescsssncssssssvsssassossonssssnasasersasssssssssosssssnscseses 323
16.4 Energy in Magnetic Field +++«eseeeessssrnemmminiiniiiii s 324
16.5 Maxwell’s eqUations — ++++«sssssesssseerunssermnuntitiii ittt ettt 324
FI6EE HHREBIRL - oooovvvrermmrrri 329
16. 1 BRI B +ovvverrrrrerrnnsuntnntmtiit et 329
16.2  BHAEHE Bl e 331
16.3  [HJBR ceererrnnernemtintii e 333
16.4 BEIGPIUBETR -+ ovvevvrrrrmrrmren 334
16.5 ZETaHTTE T HRLL - -vvvvvrrrrrrrerrere i 334
Chapter 17 Interference of Light NWVAVES +0osismp0 sinmen onsnes sesins sononsnssie o Soe 338
17.1 Conditions for INTeifeTEiioe »+oes-rersresossesiisosssosssssssosisnesoossnivesdosisvesanden 338
17.2  Young’s Double — Slit Interference ««««++++ssssssesrssserruninieiiinniiiiiniiiinnin. 338
17.3 Change of Phase Due to Reflection — «+++esessseesusnermiinniiiiininiiiii, 341
17.4 Optical Path Length  +++eeseeereessretiuiniiiiiiiniiiiiti e 342
17.5 Thterferonce it Thin TG =eeses cones soemsnsvnss sumens s sasvnd frsvs s anwses e o 343
17.6 Michelsonls Interferonieler  soswes sresvssssnssarsnmnosmmssnssmennnsonssdpniosseonssssiins s 346
BITE KBITH oo 351
17. 1 AH T GR e vr e e 351
17.2 A AUEE TP v vverrrrer ettt et 351
17.3  EAF BB ZRAS  covsvseissiensmonivsnsassinannias dedesibliticiioiinssnnonsannddil 353
17.4  FERR o eeerrnrmr i 354
17.5  JHEE TP o eeverrererere e 355
17.6 ﬁ%ﬁ(ﬂ:}:ﬁ;ﬁ( ........................................................................... 358
Chapter 18 Diffraction of Light Waves -------ocvoeemneiiini 361
18.1 ‘Diffraction ssessessbamiss sasseevsme o eveisnsssesbisssionsissassisinivesssBbs SoRE 5 GEOES 655 M 361
18.2 Single — Slit Diffraction ««++++sssssserussssruuuamttiiiinittiiiietiii et 362
18.3  Grating Diffraction «+«+++ssssssesemseestmuimmttiiiieiiii i 364

316



18.4 Circular Apertures Diffraction and Resolving Power «-«-reeeeeeeemeiriiiiiincnan. 366

BEAS WL VELEIETI ----cnmremmnsmmsn mashin acssins s s i’ s wisind s 563608 B5HHER kS ¥R 371
18. 1 I eeererrere e 371
18.2  BABEBATHT--ocvvreeeremmermmetiiiii i e 392
18.3  JEHAT T o ervvrreeree e 373
18.4 [BIFLATET ArHEARSH -ovvveeennnnns 3 SeiEis Feisisisie s sisiasle HaimRe § SREEE S AINEE SRHORS SBEHS SuEH 375

Chapter 19 Polarization of Light - --coeerereriiininiieiicce e, 378
19.1 ©Characteristics of ‘the: Transverse Waves o samess soiss nosuvs saivs s swiaens sowssn sees 378
19.2  Types of Polarized Waves ««+seeeeeeeeermmmininiiiiiiiiiiiiiii e 378
1O: Bt VIAIST TLaw 656 kv Souminsis sesion s 1Sooion eiasaace areiswis a8ihcois 50r41iats s s impsiots il s imrraia imiraie's 380
1 R I e T Sl v I T TS 380

EA9I FEYHR - oveoeevorerrmansincssiinns tnine tanmns connn cennns canmen sovmes sssev o venns 384
19. 1 BT BU AR oo 384
19.2 JRIBIBAURIHIE  ~overvess vomves vemurs svawes sraswn enmsns somuss ssmns s ssvne s ouwae s seown § Kewos s 384
19,3 BRI oru y suesn s venss vowuss sunsns comsss Ssmass Xsms S64S § EERHY ¥ aiiss | 0RR § HEH0 § 5 385
19,8 FiTRRHEARSITER . s oo st wiswss RP5 UFRAR Rk &84 50 s s s s s 386

Chapter 20 Introduction to Quantum Mechanics ----oooevvveeeiininnnnn. 388
20.1 Blackbody Radiation and Planck’s Hypothesis «:+eseceeeececeeseeieiieiieniiiaiannne, 388
20.2 The Photoelectric Effect and Einstein’s Photon Theory «:teoreceeereceeccnienenenen. 389
20.3 The Particle — Wave Duality for Light ................................................ 391
20.4 The Wave Properties of Particles ++cettsereseserertmmmniieniiiunmiinneneeinniinnnn, 392
20.5 The Uncertainty Principle «««ssesseeeeermmniniiiimimieiiiii e 393
20.6 Wave Function and Schridinger Equation «««+++cteeeseeseereiimmiiiiniiiiiiiiine.. 394

SE200E WETFFIZEMAD =+ oonvvsecmnos cnvvonsavsnnnsnonasosos iarons nosann sumnrs vnawes camans n 399
20.1 DBUKERST TR TEBRIE coveverrrrrrere e 399
20.2 JEHLBUN S B BT I TR cvvvrrrrereeeeeeeeremmnnnsiiiniininrieee e e eeeeeeas 400
90,8  FEEIEE B o connes covmen sednnnssruses xusny €5uPNS BSRAR S AARIEBE SIS RN AN A 402
90, 4 SR T AR M eswss s on noni s smca HENES SHHSH KHH5 66855 hknn bnsins namins s s 402
20.5 RHARE M v 403
20. 6 0}:@& ﬁ%%jﬁg ..................................................................... 404

B T DN 5000007 050w i i i i i 3 5 P e . S Y T B 408



Chapter 1 The Kinematics of Mass Points

Mechanics is the study of the mechanical motion of objects. The part of mechanics that
describes motion without regard to its causes is called kinematics. The part of mechanics
concerned with the study of the motion of an object and the causes of motion is called
dynamics.

When we study the motion of an object,if we may ignore its size and shape, or we may take
into account its translational motion only,we may therefore regard the object as a single point
with a mass,which is usually called a mass point( particle).

In this chapter we will study only the kinematics of mass points without worrying about
what forces cause it to have that particular path. We shall study by introducing position,
displacement , velocity and acceleration vectors. These concepts are used to describe the motion

of mass points.

1.1 Position Vector

Any quantity with both magnitude and direction is
defined to be a vector. Any quantity with a magnitude only, it
without direction,is defined to be a scalar. In the Cartesian T~oP
coordinate system of Fig. 1. 1,at time ¢ the position of mass
point P in the coordinate system is represented by the

position vector 7 (¢). We see in Fig. 1..1 that the projections

of position vector 7 on the Ox, Oy, and Oz axes (i. e. the
coordinates of the mass point) are x, y, and z, respectively. z &
If we take 7, ; , and k as unit vectors along the Ox, Oy, and Fig. 1.1 Position vector
Oz axes , then the position vector 7 can also be written as

T =xi +y] +z2k (L:1)

As the mass point moves, its position vector r is therefore a function of time,,i. e.
T(t) =2(e)T +y(t)] +z2()k

The above equation is also called the equation of motion of the mass point,while x(¢) , y(t),

and z(t) are the components of the equation of motion. By eliminating the parameter ¢t we obtain

o]
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the equation of the trajectory of the mass point in the three-dimensional space.

1.2 Displacement

We define displacement A7 as the change in position vector of a mass point that occurs in
an interval. Consider a mass point moving through space as

shown in Fig. 1.2. A mass point moves from point A at time ¢,
to point B at time t,, the position vector changes from 7, to

75 The displacement AT that occurs in this interval is

—

Ar =75 -7, (1.2}
The displacement is determined only by the starting and

Fig. 1.2 Displacement vector

ending points of the interval. Displacement has a direction as
well as a magnitude. Thus it is a vector. Note the difference between displacement A7 and
distance As. Distance is the actual length the mass point has gone through. Distance has no
direction. So distance is a scalar. In general the magnitude of A7, i.e., |A7 | is not equal to

distance As. Only when At approaches zero, | A7 | is equal to As, i.e., |d7| = ds.

1.3 Velocity

Average velocity is precisely defined to be displacement divided by the time of travel. In

symbols , average velocity is

]

> _Ar
v_At (1:8)

where AT is the displacement.

Average velocity is also a vector,and it has the same direction as displacement.

Like the displacement, the average velocity in anytime interval depends only on the
locations of a mass point at the beginning and ending of the interval. If a mass point returns to

its starting point,then according to the definition of Eq. 1.3 the average velocity is zero.

Average velocity v may be helpful in considering the overall behavior of a mass point
during some interval. In order to describe the details of its motion, we use the instantaneous
velocity v. As At approaches zero, the limiting value of the average velocity is called the

instantaneous velocity ( called velocity in short) ,and we express it as

(1.4a)



The vector v can also be written as

- . Az Ays  Azp, -
v = E—%(Atl +50 +At7€) =v,i+vj+vE (1.4b)
where v, = ((ii—f’ v, = %{, andv, = % are the components of the velocity v along the Ox, Oy,

and Oz axes,they are also called the velocity components.

We term the absolute value of velocity,i. e., || or simply v, as speed. Because |d7 | = ds,

we have
o TaEl i
v |VI E = de (15)
From Eq. 1.4b,we can also get
v= V= V4V 4y, (1.6)

Speed is a scalar.

When a mass point executes a curvilinear movement, at some point of the curve the
direction of the instantaneous velocity of the mass point is the direction of the tangent line of the
curve at the point.

The SI unit of velocity and speed is m/s. ( SI—International System,a system of units)

1.4 Acceleration

The velocity of a mass point may change in magnitude or direction as the mass point

moves. The rate at which velocity changes is called acceleration. In symbols, average

acceleration @ is defined to be

-

Av

=5 (1.7)

el

where AV = v, — V... is the change in velocity. Average acceleration a is also a vector. The

direction of @ is the same as the direction of Av.
Instantaneous acceleration ( called acceleration in short) @ is the limit of the average
acceleration as At approaches zero,and we express it as
- _ . AV _dv
a=lim=—= — 1.8a
a0 At de ( )

It can also be written as
a=ai+aj+ak (1.8b)

where a, = g, = =% ghd a_ =
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In general the direction of the acceleration has no relation to the direction of v. It is
possible for v and @ to be parallel,, perpendicular to each other,or at any other angle.

Because v is a vector,a change in its direction givves an acceleration, even if its magnitude
is unchanged. Thus motion at constant speed can be accelerated motion.

The SI unit of acceleration is m/s’.

If we know acceleration and initial velocity,we can get velocity by integral method.

Example1.1 Let the equation of motion be r(t) = x(t)7 + y(t), where x(t) =
%tz , and the unit of ¢ is second , the units of 7, x and y are meter. (a) Find the

equation of the trajectory of the mass point. (b) What are the position vector, velocity vector

t+2,y(t) =

and acceleration vector att = 2s?
Solution (a) By eliminating ¢, the trajectory will be the relation between the coordinates

x and y. Hence

NTE

y (v —2)*

(b)Att = 2s,x(2) =4m, y(2)

So the position vector is

I
(3%
=

7(2) = (47 +2])m
According to Eq. 1.4b,we get the velocity components

dx d
v (1) =3 =1 W(t):(%:t

Att =2s,v,(2) = 1m/s, v (2) = 2m/s. The velocity vector is therefore
v(2) = (17 +2]) m/s
According to Eq. 1. 8b,we get the components of the acceleration

dv,
dt

a(t) =

d
= alf =—E=]

Att = 2s, the acceleration is
a(2) =17 m/s

Examplel.2 An object moves along a straight line from v, with % =—kvt (kis a

constant ) . What is the function of v(t) ?

Solution = — kvt can be written as

av
de
dv = — ktde

Take the integral of both sides of this equation

f Q:—fktdt
vov 0



Carrying out the integrals,we obtain

1.5 One-Dimensional Motion

Now we deal with one-dimensional motion, that is,motion along a straight line. We usually

designate vector quantities with arrows. But in one-dimensional motion, it will not be necessary

to use the arrows. The reason is that in one-dimensional motion an object can only move in two

directions, and these directions are easily specified by plus and minus signs.

In one-dimensional motion,the displacement can be written as

Ar = Ax
The average velocity can be written as
T = Ax
At
The instantaneous velocity can be written as
L
de
The average acceleration can be written as
e Av
At
The instantaneous acceleration can be written as
L dv
de

(1.9)

(1.10)

(L.11)

(1.12)

(1.13)

The direction of these each vector of the above can be represented simply by a plus or

minus sign. A positive value indicates that the direction is in the positive x direction. Similarly,

a negative value indicates that the direction is in the negative x direction.

The acceleration of a mass point can be viewed as constant if its value and direction do not

change with time. The average acceleration equals the instantaneous acceleration when

acceleration is constant. That is

a = a = constant

Consider one-dimensional motion with constant acceleration. We start with the Eq. 1. 13,

which we can write as
dv = adit
We take the integral of both sides of this equation

j:odv = j;adz =

f;dt

where the last step, taking the acceleration out of the integral, can be made because the

5



