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Preface

This book is intended to provide students of physical science
with help in mastering elementary physics, chemistry, earth
science, and astronomy. A wide spectrum of topics is covered,
so that the reader may select those which correspond to his
particular needs. Both SI (metric) and British units are used.

Each chapter begins with an outline of its subject. The
solved problems that follow are of two kinds: those that show
how numerical answers are obtained to typical questions in
physics and chemistry, and those that review important facts
and ideas in all the physical sciences. The supplementary
problems give the reader both a chance for practice and a
means to gauge his progress.

ARTHUR BEISER
. November 1974




TETEUREES o 5 5 e e 0 e s S 9 ey

Converting Units T SO S-S PR 2
Scalar and Vector Quantities ...................oooiiniini 2
Veetor Addition ....cocouniiiniiiiiieiirereiiieineerennnernonernns s 3
Chapter MOTION IN A STRAIGHT LINE .....................co .. 9
Vl0Cit Y ettt i e e e 9
ACCCIOPABION.  +.0s wow s v wivs wwis im s 31 5 955 0 10 358 & s w o n e i 5 s e T 9
Distance, Velocity, and Acceleration .................ooouoiriunisnn oo, 9
Acceleration of Gravity ..............iiiiiiiiiii 10
Falling BoOdies o/ s o800 o sma s s s b mrss s i st s s st L8 S
Chapter THE LAWS OF MOTION ..........cooiiiin i 16
First Law of Motion ........ooueiuiuiiin it . 16
IVRIER, 5o 5 1 i 8 5 3 0 A 8 e 3 e e g e AT 16 .
Second Law of Moton «..uussiossssioeeeenenneseessssnsnnsssssssssn s ful 16
Units of Mass and FOrce ...........oouiueiniininneneenanneeneniis 16
Weight and MASS . oo v vue oo mms oms 5000w o5 5ims mie d e s won wisrensis s e sosns w2 R 17
Third Law of MOION «c:vsuisiacsssnoeanenssesesssssnosss e i 17
Chapter CIRCULAR MOTION AND GRAVITATION ... 23
Uniform Circular Motion ¥ Risee e e e won v Wissd S35 § W B BEE B8 § B g § A ¢ ks SRR 28
Centripetal Acceleration ..............uieiiieininenenenn e, 23
CentriPetal TPOTC s« s & siwiiois 555 6515 55 5 i o2e. o ssas s ot 210 o svmr s s e s s i1l NIRRT
Gravitation . cuuue bt iieineinennsueenenssnnensnnssssnssnssss o il 23
Fundamental Forees.........ouuuuiiuiininiiniin e 24
Chapter ENERGY .....occvnieiiiiiiisssisssnnnnannnnsnnnnssssssnsses o il 29
WIOTKC oot 500 505 i s o S5 & 8 6505 655 s e, o o o6 s T el ]
UBIES 0F WOFK 4 oo o e sios 5% 4150 00a05 s s v aiais wiors ie s i s 508t o 00 5 o1 5 6150 o wrt ST 29
POWEE: 56 aim ¢ 500 4 110 4010 nim s win 4w n e misin wio s im 2 o0m 5558 080§ 8 5 0 oS om0 onn o g AT 29
Units of Power ............. RPN - - 29
Energy R A VT TE S TIPSR TITU PRSP 30
Kinebic BIOIZY & . vue caoco ome onsomiosmess s s s 508 $i06 05 65005 8056 wis 6 5 et i 30
Potential BNerZY . ....ccoueereruerecensoesoncssnnsosssseisossssonesisss il 30

e O] T 30




CONTENTS
| Page
Chapter 6 MOMENTUM . Sl : A
Riinionr MOMARTUM ... .00 kst ki bty Tt e : 35
Conservation of Linear Momentum:- .........cooiiiiiinireieenssevaenecnnnes 35
Rocket PropulSion ........cccceeieeeiecessecsnoscsonssssassssssascsossnsons 36
Angular Momentum .. .......ciiiuuiiteinnnerenneasennasseanstoesaenasnns 36
Conservation of Angular Momentum ...........coiuiiuiieniierneneeenenns 36
B T RELATTIVETY .ocrinan s mn oo e om o 65688 560050 465 § 558 54 578 1568 3 350 10 40
Special Theory of Relativity ........cccieiuiiiiiiieiiiiiiiiiiiiienennns 40
Length Contraction.......cocceeieeeeeeereccecocsassossscssassesssasscssns 40
TRine DIALION o o o s o5 6 575 & 5 5 558 5 558 915 & 616 8 578 975165578, & 07 8 iove s’ o S0 @ wier s aie 40 @ pias o o 41
Relativity of Mass ..... e« tos: o cene. mas & o 3 k3 579 6 556 6 R 6603 YR B YA 5 GPE B8 8 668 B 6 41
Mass aNd ENergy ....cviueeeieeiietienesesesiasasassoscstassssncnssasnsas 41
General Relativity .......ccciiuiiiiiieiernenneetnseitneeetncnnaerasaaanans 41
BB 8 TLATIIIS o s oo s s o w0845 § 5505 0 0 0 3 6 0 € 3 0 0 44
0TS )47 R R 44
Specific Gravity ......coverriuiiiiiiiieieiient ittt 44
PLOSEULO: « oo s o 5555 66 5 578 8 50 5 078 5 WIF 6 G6% §161§ 5 & #40 0 e wimr @ axi o wsm o ioc 0 s & 8068 81808 0000 ¥ 50 § 0 44
Pressure in a FIuid .. .....uiuvuiureiitienesreenaensesarsserassacasnaanons 45
Gauge Pressure ........uuuuuuennnnenasaosessecceeannnnnnanaasssasscasenns 45
Archimedes’ Principle .......covririentnineeeenintiiiiainnnns 465§ S 45
Bernoulli’s Principle . .....cuuiiiieriieeenenereiinteeiieteeneaateaannes 45
B 9  HEAT ......cooocoeimmsresnesnsrminseseerennsansiohssbnsassssnnssnsyess 50
Internal ENergy ...vvvvveeeeeeeroneeennaseeanesesonseeenasssssanesesenns 50
TemMPEratUre . ....ccceeeeununneeeenanonnesseeeeeeasenasasaaaccssssssssnnns 50
Temperature SCAleS ........coeieeeeeeeeeseeeeeeerrnnannuasessesscstcaanns 50
5 0 R T 50
Specific Heat Capacity .......coveeeeeeeeitomneeinenieenceiitannaieenns 51
Change of State .......couveenreeeneeeiiireteniaeaeeteaenietiaincaannns 51
Pressure and Boiling Point ........ciiiiiiiiiiiiiiiiiiiiiiiiitiiitiienen 52
Chapter ] KINETIC THEORY OF MATTER ..........ccoooiiiiiiinnnninnn. 56
BOYIe’'S LAW .0 uvveneeintintrareaneancssssnntanaeatosaneanctonaonntonaans 56
Absolute Temperature Scale .. .....c.oueeeiinnnrttererteinannerceceeaaenns 56
Charles’s LAW . ..vuvereeeeneeaasesesssasaossoossascansanasansssascocsoans 56
Tdeal Gas LaW . ovuuiviierneeeaessasssasssssesessesaassnoasnasonssnnssans 56
Kinetic Theory of Gases ........ceoveeeecennsassansesscuensceuettcaneanaes b7
Molecular Energy . ... ..coeveeinnceoceneanancns R AR b7
Solids and Liquids ....coveurereernnnaneueeeeeaeearittiiiiannnnees 57

Atoms and Molecules .....ccoooeeneens B o sy e Be o By Boputa persmisnie s ET3 57




CONTENTS

chispter LI~ | THERMODYINAMICS ....0 00 .o oo bl boeila i s P’iZ
Mechanical: Equivalent:of Heat ... L. 0o o0 asd L8 s Do Judl s el SR 62
Heat ENgines:: oo s sraiv s via's wies 15 5 siews 5 565 4006 856575 0 50 8 6@ €006 308 5 16s %15 S0 0 erai 62
Second Law of Thermodynamics . ....uovuutnnennreneeeionesenssosensansnnnss 62
Engine BACIeNCY: s s s s awmes o ol m sms sfs § 05eis sols o/ 5@ v s srevie 08 6 5es o/ 63
Heat: Transfer: Conduction. « . osues's wmswasmoes s 5ms i o bais s s s e o 5w a g s waremes 63
COTTBCEION. v 01« o0 0. 0m0me i3r omarin wroscas sws: wimsce o wronon oo sesi b, 53 6ol 463081 e Wi o oo onirs i il 63
REAVTEION., soe aasemnm oo msspse s GEs L mewsEms Rl G o SR T s e o g aers s 63
Chapter 12 ELECTRICITY ............ccoiuuiuiiiuiininaneienaiaiaenieeaeenan 67
BEICCEEIC CHERDE .« e o cei ersier oo wmms arims 5000 wrer orisio mowio 838 60058 058 6 s 4155 3 9501 4906 918 9% wovie 67
Conlomb’s Lo e s ens o mpm sve srass oo s,s (e @yaps (45585, 055 veris (70 1978 5 (o3& ishe. st TS 1is 1 67
Atomic; STructiure s o e we soe s s 5 s 506 55 ST 578 8 W05 07 Wi §19) & 00 4001070 o w108 Bie oo 67
TOTIE e o iie o s esionoionis o i o coos o sgin o wons o 35858 06kl 6 ok SAbE G 6200 8 174 SHB1 i UEGTS 910 0 1oL 0 & AT 48 67
Electric Field ....ccciveiieirecscressssosecsonconoccscsccsonssssosssssoals 68
Blectric Lines of TOYCE ws s e mms 5w ¢ ome s wims o s o6 8 646 & jans 758 oie5s wipi s e 8 w05 aves wiv s oo sllg - 68
Potential Difference ........oovessocsacsnssssossssssssssassossssossonansisy 69
Chapter 13  ELECTRIC CURRENT ..........cciviiuiiiniiniiiiiniiinaiaianan, 74
Electric CUITeNnt . ...vvvrtn ittt iiitieieneeneneenseaeasseasseasasoasnsas 74
OBY0’S TIW w0 ¢ 50 5 1516 56 5 916 8 55 5 56 § 555 5 8% $151 6 S5 8 A, § favs (st & Wit @ iove & 070 i o ‘aim o ool 8 o wm1 8 W 74
RESIStOTE AN SOFAER: 266 s con i 009 5 505 5 55 5 505 540 51 ioles 3 505 5 654 5061 6 9561 8 8 5 808 3700 o 00§ 85008 (ove w101 & el 75
Resistorsin Parallel .. .......ccciiiiiiitenenersenesesnnennsanssoacncsnsans 5
Blecttic. POWEY ;s s o & 500 8 i 51606 518 6 618 8.8/6 8 w50 878 #6; 3 @i o iy =i 'a wlar 0,078 winlw 93070 0o 800 75
Chapter 14 MAGNETISM ...........couiininiiniiiiaeniiaiianaeiaeeaaaenaannis 80
The Nature of MagnetiSim ... cocenssvsessnssossasssssssnsssssnsvesssnsiss 80
Magnetic Field .. LT LR TR R LR R PR 80
Magnetic Field of a Straight Current ........ ... ..ottt 80
Magnetic Field of a Current Loop .........cuiiiiiiiiiiiiiiieiiiineannnns 81
Magnetic Force on a Moving Charge ........ccoviiuiiiiiiiiiiiirinennaenns 82
Magnetic Force on a Current .........c.ooouuieeneeenrenierniranesnnanaaasnns 82
Force Between Two Currents .........cuveieeeneunennenaneraesoeasansananns 82
Ferrona@netiSm «oses cos sum s s sass smes o sey ws o osatocs siais siaie s wivseidl siaie o208 s 7055 Wiy 83
The Earth’s Magnetic Field ........coiiiiiiiiiiiiiiiiiiiieietnetienannans 83
Chapter 15 ELECTROMAGNETIC INDUCTION ...t 89
Electromagnetic Induction ........cooieiueniiiieiiiiiiiiiiiiiiiiiiaiianen 89
The GENETLAtOr ... .cvvteteervosasesassasnssssesessososossssosasssassssnsas 89
Alternating Current ............ceieiiueenscecetstaseeeueessecasnncnsans 89

The TransSforIer .. ...coeeeeeeroeacesansssssssssssssssssssssssssansasases 90




CONTENTS

Page

hager 16 WAVES L T e 93
WAVES oo s Dilin oamliins¥ o visn ansin 58 5 sarm 5y od B ebtat T mRre L0 LIL DRU b MR o 93

Frequency and Wavelength ..............cuiuiueininnenneaa i, 93

SOUNM, 5 5555 535 5455 8 S0me bim s w5 535 w0 0 5 ot o s 06 93656 e & 556 B0 508 5 0 5 2 4 s B s v s 94

Electrorﬁagnetic WAVER 505 0 50 50 £ 505 § 9555 S50 oS00 8 wses e sker o wrs o revel srers wion sobis 5 616 94

DIODPIEE BITECE: 5. 05 w5 515 3558 b s S5 4 s s 50 5 6 S e 5 806 0 S 65 95

Reflection of Light ... ...ttt 95

Refraction 6f TNt s s nmm s mme s s s 600 e maees asosee e bt ssdib 6 el 95

ITIRRITETOIIC! 50 a 50 10151 565 o oA T s et o 5 96

Diffraction ... ...t e e 96

POMTIZBEEION, wsiew mn wiens o 55008 50015 S50 0005 9605 5555 31 3 65 57506, 3005 e oo asrd 15 o & 08T i e 96

Chapter 17  QUANTUM PHYSICS .............oouuiiiiaaiiiiiieeeeeeeeei 101
Quantum Theory of Light ... ....oouttuiiiiiiiit i eeeeeaeeannnnns 101

KARATE: crorvios v to0.060/0 358 5057808 501 T8 ST AR 5008 1 B8 0 64 i fammt i 01 B P55 Sl 101

The BIeetTon VoIt « : covcovvoetvuem o vine sisis v s dimis s inss s s s s s« a5s 5 waisl o e s 101

MALEET WIAVES: .o s10s s 605 b 5579 531015 0w 0 8 i 814080 000 65580556 § 00 .55 B008 858 ] v s o 101

Uncertainty PriNCIDIE . . : 5 5 w@ s o s oos 516 5 s oui s0re i o wagr»are siors osei o v s a8 Sista’s 102

Chapter 18  THE NUCLEUS.................ccooiiiiiiiitiiiiiiaieeaieei 107
NUCIeaR SEEUCEATE. o ctre smrds i m vm s sresusm sy s 908 6 00 b B 673 50 B0 PR (i & 107

BINAINg BNCEEY 100568105555 5 955555 578 5§65 715 475 5 xsias ssa-s lohorncet o svorcs wammers sube s 61608 8105514 107

Fundamental Forces ...........iiiiiiiuimiiinnineineeieeeeennnnennnnnnns 107

Nuclealr REACLIONS: v s ais s i s somrsison sms s svs siwis 5560 5 956 5 58 6565 808 & 808 0605 6104 imuars fase 108

Fisgion and FUSION .« s om s am 5 57 5 56 5 55 565 508 5 5w o e, wini s e 8 one o core mint » ises 8 0665 58 31658 108

Chapter 19  RADIOACTIVITY AND ELEMENTARY PARTICLES .......... 113
Radioactive Decay ......cciiiuiiinneenneenerenereeeesnecnnsseosanesnnenns 113

HAMTES oo wiwsm e s 5750075 508 5 5008 mmes wismaims mss 5 53005 o005 660 500 5 AR5 6.00L 6 o 113

Elementary PAYEICLEs « o sos 5555505 5550 oite osors #56 siser e s-osets e arare etens s 2o $is 576 113

ANBPAELICIER! 2.0+ e s o it o iy o menason wrce wors 570 3 0303 556, S90S 61008 0 6 5 ) B0 5 i 518 114

Chapter 20  THEORY OF THE ATOM ...................ccccoueeeeeeiieiii, 118
Bohi Model.of the Hydrogen: ABOIN: « «is s s s e s e sisis s s 555 5,55 556 i $55055 008 Bions 58 118

ENETLY TEVEIS i vurmcrmivsmsns 5 550/5 505 ST B 5 S 58 43155 5360 0h o opada ) i SO0 s 57 118

ATOTICSPECEER: 1/ 2.cnsire averass: sresioaomer ovesiags ostens 585085} 61015, B85 SHovS st wramel wpisonmitonEes Smons s 8 118

Quantum Theory of the Atom ...........iiiiiiineiiiinn it iiieenennnnns 119

Atomic/ OXDItAlS: e 5w s 5is 0 5 550 5EES 505 528 5558 § 9565505 51505 a0 e o 505 o ! Sszal 57 o 120



CONTENTS

Page

chapter 200 THE PERIGDIC TAW /1.0 i sl Ll 124
The Periodic Table ... verereerieneenrossneneenenoceassenasnssesossascanaes 124

Atomic SErUCLUTE . ovvvveentieeieciitnisneanaeasessssnesasnssssacascnsans 124

Explaining the Periodic Table: The INert GASES .« evvverseeeeecnnereosaaonans 125

The AIKali Metals .o oo vviiiieieieeerneneensssnsesscssesenensssecaccscasans 125

The HalOZENS & ¢+ oo vsesuiosasssssssossrnsascessssnsssnasanssesossnssnnsens 125

Chapter 22  CHEMICAL BONDING ........c.oooiiiiiiininiinniiiiaiianeees 130
Chemical BOMAS + v vvvtiieene e erseenessnsoeneesessnssnnassecanesanssns 130

The Tonic Bond . ..vvvniuneneeneenineeaenesaeeeeetasnasnssessscssanasanns 130

The Covalent BONd . ......ouveeeeeecueerasenassassesecasssasenssssssosstnns 131

Multiple BONAS . .vovvvnueaneaneennenueeanenatenneetatanaantaescenssenes 131

Bonding in Solids ..... T R CEEREEREERR 131

Molecular Crystals ......couuueeeeennunnereeeeeannanoneeseceaaonnnnnncnees 132

Chapter 23  FORMULAS AND EQUATIONS ..........ccoooiiiiininieneennnns 136
Chemical FOrmulas .......eeeeeuernenieneeasesasesesssasanescsconsesanans 136

VALEICE . oo ovvvesoesiososnassnsssssssessssssnossessvsssnasssodeanssosesss 136

Covalent COMPOUNAS .. uuvvreeeennnnnreeeeeeaaaneneeeeessetanannnnees s 18T

Chemical EQUAtions .. .....ouveeiueeeonreriineeannntaeeteiinunaaannnensns 137

Balancing an Equation .........oueeeieiiiiiiiiiiiitiiiiiiiiiiiiieeenns 138

Chapter 24  STOICHIOMETRY ........ooounenininiininanararneetaeneneniasnanns 142
The Gram-ABOM . ..oovuuerneecneeeneenesseassssessssassaaasssscssssasssns 142

Avogadro’s NUMDET .. ....uviutineenneaneeareoareanteteieteantonneencans 142

ITRE VEOLE &+ oo o oe ooare oo o158 508 5 876 8 @16 Sioi8 7 3 9w o i w wn mior's o 8 088 Wi Wis 10 5 310 R0 GH S8 142

Mass Relationships in Chemical Processes ...........ceeeeeiiieninnneneeenes 143

Chapter 25  GAS STOICHIOMETRY ........coouoiuiininiinnimnanneneeanennns 152
Gas VOIUIHEE: s co5 66 o sss ao s wis siae 305 s aio @i anid 5600 868 88 094 wnd o s w0 gowlCy v 152

MOLar VOLUINE . occvvonenoaimssiienssasssssanssssesnesessessiassssissssss 152

Universal Gas Constant ........c.oeieeiuineeteiinerrreeettrunetanneeennces 152

Chapter 26  SOLUTIONS .......c0iueniniuenininananananaeaeaeeeaaiaaranasaiens 157
Solvent and SOIULE ... vvvurrreeeeanannnnseseseseennnneeeesaesenoosnnnaaens 157

SOIUDILIEY « v vvveeveeeeeneeaneaneanesasesssseeensentesineennaannannenses 157

Tons in SOIUEION « o vttt vveeeeeeennennnnaaeaaaes ettt 157

CONCENELALION .+ v v vt v e veneeeeessnannnaessssnnneeestsesssnasnannnsensens 158

Colligative Properties of Solutions ..........covevrrriviineirneeerrnneees 158




CONTENTS

Page
Chapter’ 27 ACIDS AND BASES ......0.....0. 0@ i da e 163
Dissoctation B WaEET ... to's cre s wre o i since sim 0 wiay o Srdoitine 630 & or6. 4 icen s coh oo Shlls, 4fst o ia7s Wil oL aviet = 163

Acids and BaSes e :emmsms sis s s oo shm s eve s da b aimve s o0 e s §08 6 650 & o 818 8 908 6 HEE 8 0 163

The DH. SCALS: 5 & & s i s iniis 555 5 5 505 5 5.6 § 5565 56 8 565 5.5 5 o0 8,056 9 57 & 57 & 6 4 1908 5.0 & 0% § 60§ 164

NEULEANIZATION, 1+ 56 5 575 & 50 5 w550 & cov wmer o om0 s 0 1058 (05 oadle 550} 36088 L5 s & BPES [ o & 9500 & fope. § i 164
Gram-Equivalents and Normality :suws s e e s s s s oo s s sim s sviismos s s w0 s e s o 164

Chapter 28  OXIDATION AND REDUCTION ..........ccoiiiiniiiniininannnnns 169
Oxidation-Reduction Reactions ...........ooiiiuiiiiiiiiiiiiiiiennnenannas 169

Oxidation NUMDET . .om w55 @ e 5 s 5@ eme s 5o o vsawhe 5o 68 00 BT ores & el e 169
Gram=-EqUivalEnts «« oo o o ae 05505 08 5 065 §006 55 65550008060 66 08000 R s 888 09§ @ 170

Chapter 29  ELECTROCHEMISTRY ............cooiuiniiinininiiiniianananannnn. 176
B et oLy SIS s s &t 5 5w 315 5085 51918 §/ 630 37508 6 (W) B8 07 #5761 '8 she) 30018 00, & @00 B 05, 91800 00 0 o ST, 01 176

Aty Example of BlectPOlySiS: . v« o 5o s 6w ae o s w5 sie oo e o s wie s oe o008 65 5wl 5 65 o 176

Electroplating’ o s 5656 556 swsi i avs 555 » e oo 5 st o wiies o Iois 8461 640 8 TS B0, 310) 8050 3 0ff0 § 55 010 & o 177

Faraday’s Laws « ..o oottt ettt e tate e e te e « BT

GAIVATIE CEIIS . « o« wie v oo o oneio mne o cone 5 506 551 o 5560 § B28.5 683 1 8 50 & 0 & iote, 100 & 001 & 5 o @b o il & 936 177

Chapter 30  CHEMICAL ENERGY ............ccoiiiiiiiiiiniiiiiiinanannnnn. 183
Heat:of REACTION x5 5 55 sis 5905 0505 $605 550 558 #assy 6-aw o ows o7 Hase s @ies 5978 8118 0.8 5166 878 Wi 183

HEat of FOFMATION voo v vs e o seim snmn snscss b s Bicks s 000 & 608 508 8 58 Wl oaye isiin s i wosits: 55751 5478 183

SIS LB ot st o e e eyt o i s oot 18 00 5 o0 (ST 110 30 ) SR ot o, o 184

Chapter 31 REACTION RATES AND EQUILIBRIUM ......................0 188
REACTION. RATEE « v v vvie i mimir o one g oue o 08 50508 08 5 58 8 579 8 60 8 5505 8 0o 3 808 % 0 6 56,9 008 @ (308 3 o0 i o 188

Activation Energy .......c.coviiiiiiiiiiiiiaiaeaanan. Tt et 3t A SR 188

EGUATIBTITIN 4 5 0 5 505 5ee w0005 5 970 6 33008 8503 900 3i0nes 107 o e o i i 858 B0 3 0 P 95 o 416 8 o & 188

Lie Chatelier’s PriNCIPlE: . v .o s oo s amsoim 5 5 s e s 5,00 5 sl » 50 5 w0 w560 5 000 » 018 380§ 370 5 i s 189

Chapter 32 ~ ORGANIC CHEMISTRY ..........ooiviiiiiininininineniniann, 192
Carbon Bonds s « s e e 5505 855 06 § 650 6 575 6078 8 8§ 9565 S5 s o1s sas 8858 S0 e e b o w b w06 e 192

BETIZOTIE e » st w150 asoris aroi o 150 0 e, sren: asmvie ansid ioos 2858 o e BR84S S Sebeis 8 Vs & i85 & 858 a1 8 e 192

TROMNELE: 1575 455 o515 Bers 52 rrabn e o oo sy oxunsy mizer g s o.4a1, oo T . o) i s 65y B o T 5 . iy 8 193

Functional Groups . s sss ees s 055 5s samsnes see s s es sl o iis ose s oo oian e swns 193



CONTENTS

Chapter 33 THE ATMOSPHERE

Composition

Energy Balance

Chapter 34  WEATHER
Coriolis Effect
General Circulation of the Atmosphere

Cyclones and Anticyclones

Chapter 99 THE OCEANS

0cean Water .....ceeneeneeencentoineiinsaneancsostenetsnsanncanssncss .. 216

CUTLTENES &+ e oo oo eorvneenasnenesasensasssssasasssssssssssassasassssasans

v, 216

EARTH MATERIALS
The Earth’s Crust

Chapter 36

Igneous Rocks
Sedimentary Rocks
Metamorphic Rocks

....................................................................

EROSION AND SEDIMENTATION

.............................................................

Chapter 3 7

................................................................

................................................................

Wind and Waves

Groundwater

........................................................

............................................................

Chapter 38

Diastrophism

............................................................

Mountain Building




§n
CONTENTS
: Page
Chapter 39  THE EARTH'S INTERIOR .........0..............ocoooo 234
Selsmie Wavesy v, 1 Laiyigraar s 1 or Vi il aee Bie Attt 234
Interior Structure ....... B P ey o adon crme: o ATe A A TR PRI A S P 234
Lithosphere and Asthenosphere .....................oueeeeneisnnnee 235
Geomagnetism .....................uunn. | s Se g ware Wi € 56 6 6 YR & 65 & e w rers 235
Chapter 40)  CONTINENTAL DRIFT ................................ 239
The Ocean Floors ...... SR A DA DR AR ¢ o e e oS B0 R R 8 8 eV e e b 239
Plate Tectonics . ........uiuuiiiueeineuieentieteeeees oo, 239
Continental Drift ...... ... ..ioiiiiiiiiiii it 240
Chapter 41 EARTH BTN e 0o s mns oo s g il i S8 e i s s 243
RE1AtIVE TN s wrwvs min s sie 60w e 35508 51005 95515 570 cor o s o s v s s s S s 243
BCOBBILE  wns o oo nvom im0 00 B0 8 5 s 100 g R w58 s et 243
Radioactive Dating ...... ..ottt 243
GEOChTONOIORY - svnwsvm & o srsmmmmime simb s s s hasrorsiotons. o srave aers oo areid s erards 244
Chapter 42 EARTH AND SKY .........ccccocooiiii 249
Ptolemaic and Copernican SysStems . .........uuueeineennennn e, 249
Motions of the Earth ...................... BN SRR SEU ——" 249
Latitude 8nd LONBHAR « . imisus s o s s 6000 80 sherss e srane soretoverore i ccsre e o a5 5 1 249
TG, v wvmosse mu s o, 90019, 50950 i B s o 00 (16 o i o = o e oo 250
Chapter 43 THE SOLAR SYSTEM .................................... 255
THE PIANOES: 5154 0 000 0rm ¢ s » wna wsie » o0 w008 0165 556 & 555 91506 e 5 556 § o & o 5165 o+ ece et ocs o 255
TIE MOOT v cisia s o srwe s 66t E 515 i 8 3605 555 606 8 & 500 6 e a0 arere i o o e oo et i s e 5 i 255
] - 255
IEEEOYS 505 5. 570iar 550 e oo o v i 506 6 & 5 5 85 1 sl e 256
Chapter 44 THE SUN ..........cooooiiiiiie 259
S0laT EIeIZY « vt tniuttnentenneeenunerennesennnesennneennneensnennnn, 259
Solar AtmoSPRETe .. ...ttt e e 259
SUNBPOBS: ¢ 510 555 545 5 500+ wie #0000 wie o wce mowre i o 056 8 650 5675 B85 00 5 500 57608 58 § 500 & e # e s o 259
Chapter 45 THE STARS ...................coooiiiieoee 264
Apparent Magnitude . ..........ouuiiuitinininiiin e 264
Absolute Magnitude and Stellar Distances ...........oeuveueenennrnnonnonn. .. 264
Hertzsprung-Russell Diagram ..............ouuiuenneneensnnnnnannnnnn. 264

Stellar Evolution ............o.iuiiiiiiii e 266



CONTENTS ot
¢ : Page
Chapter 46 THE UNIVERSE ................. b e 271
Milky Way Galaxy . ... oSy PR el R R LR 271
COSMICT RAYE “voiwsais siois siv sson s araie by Sbenitiars » Hba et G S o i Lo S ol 2T
Other GAlAXIEN i «v ve s sitesms s She niamibll it oo wase o bb w o, 6 SR SE AR 271
The Expanding Universe .............iuiuiiuuenneeneenn e, 272
QUASATE | osiwnn’snio o008 235 s B womes o s 5001s 5556 B 558 Ssts a1dt o o alods, et a Bsond SIS T R 272
Appendix A PHYSICAL CONSTANTS AND QUANTITIES .........ooovvio... 20005
Appendix B CONVERSION FACTORS ..................................... 278
Appendix C PERIODIC TABLE OF THE ELEMENTS ...........0oviieeii. 280
INDEX




796212i

Chapter 1

Physical Quantities

POWERS OF TEN

Very small and very large numbers are common in physical science and are best ex-
pressed with the help of powers of 10. Any number in decimal form can be written as a
number between 1 and 10 multiplied by a power of 10:

834 = 8.34 X 102 0.00072 = 7.2 x 10~

The powers of 10 from 10-° to 10° are as follows:

100 =1 = 1 with decimal point moved 0 places

101 = 0.1 = 1 with decimal point moved 1 place to the left

102 = 0.01 = 1 with decimal point moved 2 places to the left
103 = 0.001 = 1 with decimal point moved 3 places to the left

10—4 = 0.0001 1 with decimal point moved 4 places to the left
10—5 = 0.00001 1 with decimal point moved 5 places to the left
10-6 = 0.000001 = 1 with decimal point moved 6 places to the left

100 =1 = 1 with decimal point moved 0 places

100 = 10 = 1 with decimal point moved 1 place to the right
102 = 100 = 1 with decimal point moved 2 places to the right
103 = 1000 = 1 with decimal point moved 3 places to the right
10¢ = 10,000 = 1 with decimal point moved 4 places to the right
105 = 100,000 = 1 with decimal point moved 5 places to the right
108 = 1,000,000 = 1 with decimal point moved 6 places to the right

CALCULATIONS USING POWERS OF TEN

When numbers written in powers-of-10 notation are to be added or subtracted, they
must all be expressed in terms of the same power of 10:

3xX10> + 4%x10° = 03x10° + 4x10® = 43x10?

To multiply two powers of 10, add their exponents;to divide one power of 10 by another,
subtract the exponent of the latter from that of the former:

10"

n m — n+m — n—m
10" x 10m = 10 o7 10
Reciprocals follow the pattern
L _ jo-n
100

The rules for finding powers and roots of powers of 10 are
(10 = 1Qrxm VIO® = (10%yv= = 10wm
In taking the mth root, the power of 10 should be chosen to be a multiple of m. Thus

V105 = 1/10 x /10" = /10 X 10”7 = 3.16 X 107
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UNITS
Some common British and SI (metric) units of length and time are
LENGTH TIME
1 foot (ft) = 12in. = 0.305m 1 minute (min) = 60 seconds (s)
1 inch (in.) = 0.083 ft = 2.54 cm 1 hour (hr) = 60 min = 3600 s
1 statute mile (mi) = 5280 ft = 1.61 km lday = 24 hr = 86,400 s

1 meter = 100 em = 389.4in. = 3.28 ft
1 centimeter (cm) = 0.0l m = 0.394 in.
1 kilometer (km) = 1000 m = 0.621 mi

Subdivisions and multiples of metric units are designated by prefixes according to the
corresponding power of 10.

Prefix Power Abbreviation Example

pico- 10—-12 P 1 pf = 1 picofarad = 1012 farad

nano- 10—9 n 1ns = 1 nanosecond = 109 second

micro- 106 m 1 A = 1 microampere = 106 ampere

milli- 10-3 m 1 mm = 1 millimeter = 10—3 meter

centi- 10—2 c 1cl = 1 centiliter = 102 liter

kilo- 103 k 1 kg = 1 kilogram = 103 grams

mega- 108 M 1 MW = 1 megawatt = 106 watts

giga- 109 G 1 GeV = 1 gigaelectron-volt = 109 electron volts

CONVERTING UNITS

Units are algebraic quantities and may be multiplied and divided by one another.
To convert a quantity expressed in a certain unit to its equivalent in a different unit of
the same kind, we use the fact that multiplying or dividing anything by 1 does not affect
its value. For instance, 12in. = 1ft, so 12 in./ft = 1, and we can convert a length s
expressed in ft to its value in inches by multiplying s by 12in./ft:

4ft = 4 x 12% = 48in.

SCALAR AND VECTOR QUANTITIES

A scalar quantity has only magnitude and is completely specified by a number and a unit.
Examples are mass (a stone has a mass of 2 kg), volume (a bottle has a volume of 12 oz), and
frequency (house current has a frequency of 60 cycles/s). Symbols of scalar quantities are
printed in italic type (m =mass, V =volume). Scalar quantities of the same kind are added
using ordinary arithmetic.

A vector quantity has both magnitude and direction. Examples are displacement (an air-
plane has flown 200 mi to the southwest), velocity (a car is moving at 60 mi/hr to the north),
and force (a man applies an upward force of 15 1b to a package). Symbols of vector quantities
are printed in boldface type (v = velocity, F = force) and expressed in handwriting by arrows
over the letters (3, ﬁ). The magnitude of a vector quantity is printed in italic type (F' is the
magnitude of the force F). When vector quantities are added, their directions must be
taken into account.
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VECTOR ADDITION
A wvector is an arrowed line whose length is proportional to a certain vector quantity
and whose direction indicates the direction of the quantity.

To add the vector B to the vector A, draw B so that its tail is at the head of A. The
vector sum A+ B is the vector R that joins the tail of A and the head of B (Fig. 1-1).
R is usually called the resultant of A and B.

N

Fig.1-1

The order in which A and B are added is not significant, so that A+ B = B+ A
(Figs. 1-1 and 1-2).

AL

Fig.1-2

Exactly the same procedure is followed when more than two vectors of the same kind
are to be added. The vectors are strung together head to tail (being careful to preserve
their correct lengths and directions), and the resultant R is the vector drawn from the tail
of the first vector to the head of the last. The order in which the vectors are added does

not matter (Fig. 1-3).

Fig.1-3

Solved Problems

1.1. Examples of powers-of-10 notation.
20 = 2X10 = 2 x 101
3043 = 3.043 X 1000 = 3.043 X 103
8,700,000 = 8.7 X 1,000,000 = 8.7 X 106
022 = 22X 01 = 22X 101
0.000035 = 3.5 X 0.00001 = 3.5 X 10—5




1.2

1.3.

14.

1.5.

1.6.

1.7.

PHYSICAL QUANTITIES

Examples of addition and subtraction. -

6X102 + 5X10¢4 = 0.06x10% + 5X10¢ = 5.06x 104
2X1072 + 3X1073 = 2X102 4+ 0.3X10~2 = 23X 10“2
7+ 2X1072 = 7+ 002 = 7.02
6 X104 — 4X102 = 6X104 — 0.04X10¢ = 5.96 X 104
3X1072 — 5X1073 = 3X1072 — 05X10~2 = 25X10-2
7X1075 — 2X1074 = 07X10~4 — 2X10~4 = —1.3Xx10¢
6.23X10-3 — 6.28 X103 = —0.05X10"3 = —5X10-5

Examples of multiplication and division.

4
105 X 10-2 = 105-2 = 10° 1%)0_3 = 104-(-®) = 104+3 = 107
3 5 =7
%g—s = 103-6 = 10-3 NTT:O = 105-7-2 = 10—4

A sample calculation.

460 X 0.00003 X 100,000 (4.6 X 102) X (3 X 10-5) X (105)
9000 X 0.0062 = (9 X 10%) X (6.2 X 10-3)
46X 3 _ 102X 10-5 X 105
T 9xe62 103 X 10-3
_ 102-5+5 102
= 025 X g = 025 X ;op = 2

Examples of powers of numbers.
(102t = 102x¢ = 108
(10-3)5 = 10-3%5 = 10-15
(10-4)—3 = 10—-4x-3 = 1012
(3X103)2 = 32 x (1032 = 9 X 106
(4X10-5)3 = 43X (10-5)8 = 64 X 10~15 = 6.4 X 10~ 14

(2X10-2)—4 = % X (10-2)—4 = % X 108 = 0.0625 X 108 = 6.25 X 106

Examples of square roots.
Even powers of 10:
V108 = 1082 = 103
V5 X 10t = /5 x V10* = 2.24 X 102
Odd powers of 10:
V3X105 = /30 x 104 = /30 x V104 = 5.48 X 102
1/0.000025 = V/25X10-5 = /25X 106 = /25 x Y10~ 6 = 5 X 10-3

Examples of cube roots.
V1o = 109 = 10

3108 = Y102x 106 = {100 x V106 = 4.64 X 102
Y38x 109 = ¥38x 108 = /38 x V1018 = 3.36 X 106
Yeax10-5 = Y27x10-6 = V27 x {10-6 = 3 x 10-2

[CHAP. 1



