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17 Electric	Charge	and	Electric	Field	
525

Y 17.1 Electric Charge  526
Y 17.2 Conductors and Insulators 528
Y 17.3 Conservation and Quantization of Charge 530
Y 17.4 Coulomb's Law  531
Y 17.5 Electric Field and Electric Forces 537
Y 17.6 Calculating Electric Fields  539
Y 17.7 Electric Field Lines   543

17.8 Gauss's Law and Field Calculations  544
Y 17.9 Charges on Conductors 550

18 Electric	Potential	and	Capacitance	
562

Y 18.1 Electric Potential Energy  563
Y 18.2 Potential   567
Y 18.3  Equipotential Surfaces   572
Y 18.4 Capacitors   575
Y 18.5 Capacitors in Series and in Parallel   578
Y 18.6 Electric-Field Energy   581
Y 18.7 Dielectrics   583

19 Current,	Resistance,	and	Direct-
Current	Circuits

595

Y 19.1 Current   596 596
Y 19.2 Resistance and Ohm's Law 597
Y 19.3 Electromotive Force and Circuits   602
Y 19.4 Energy and Power in Electric Circuits   606
Y 19.5 Resistors in Series and in Parallel   608
Y 19.6 Kirchhoff's Rules   612
Y 19.7 Electrical Measuring Instruments   617
Y 19.8 Resistance-Capacitance Circuits  618

19.9 Physiological Effects of Currents   619
19.10. Power Distribution Systems   621
20 Magnetic	Field	and	Magnetic	Forces			

633

Y 20.1 Magnetism   634
Y 20.2 Magnetic Field and Magnetic Force   636
Y 20.3 Motion of Charged Particles in a Magnetic Field   641
Y 20.4 Mass Spectrometers   644
Y 20.5 Magnetic Force on a Current-Carrying Conductor   645
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Y 20.6 Force and Torque on a Current Loop   647
Y 20.7 Magnetic Field of a Long, Straight Conductor  651
Y 20.8 Force Between Parallel Conductors   653
Y 20.9 Current Loops and Solenoids  654

20.10. Magnetic-Field Calculations   657
20.11 Magnetic Materials  658
21 Electromagnetic	Induction			 670

Y 21.1 Induction Experiments   671
Y 21.2 Magnetic Flux   672
Y 21.3 Faraday's Law   673
Y 21.4 Lenz's Law   678
Y 21.5 Motional Electromotive Force  680

21.6 Eddy Currents   682
Y 21.7 Mutual Inductance   684
Y 21.8 Self-Inductance   686
Y 21.9 Transformers   688
Y 21.10. Magnetic-Field Energy   690
Y 21.11 The R-L Circuit   692

21.12 The L-C Circuit   695

22 Alternating	Current														 707
22.1 Phasors and Alternating Currents    708

sort of… 22.2 Resistance and Reactance    711
22.3 The Series R-L-C Circuit    716

Y 22.4 Power in Alternating-Current Circuits    720
22.5 Series Resonance    722

23 Electromagnetic	Waves			 731
Y 23.1 Introduction to Electromagnetic Waves    732
Y 23.2 Speed of an Electromagnetic Wave    732
Y 23.3 The Electromagnetic Spectrum    734
Y 23.4 Sinusoidal Waves    736
Y 23.5 Energy in Electromagnetic Waves    739
Y 23.6 Nature of Light    743
Y 23.7 Reflection and Refraction   745
Y 23.8 Total Internal Reflection   750
Y 23.9 Dispersion    752

23.10. Polarization   754
23.11 Huygens's Principle   759

24 Geometric	Optics					 770
Y 24.1 Reflection at a Plane Surface    771
Y 24.2 Reflection at a Spherical Surface   773
Y 24.3 Graphical Methods for Mirrors    779

24.4 Refraction at a Spherical Surface    782
Y 24.5 Thin Lenses   786
Y 24.6 Graphical Methods for Lenses    792

25 Optical	Instruments			 803



25.1 The Camera    803
Y 25.2 The Eye    806
Y 25.3 The Magnifier    811
Y 25.4 The Microscope    813
Y 25.5 Telescopes   814

26 Interference	and	Diffraction				
824

Y 26.1 Interference and Coherent Sources   825
Y 26.2 Two-Source Interference of Light   827
Y 26.3 Interference in Thin Films   831
Y 26.4 Diffraction   835
Y 26.5 Diffraction from a Single Slit   837
Y 26.6 Multiple Slits and Diffraction Gratings   841

26.7 X-Ray Diffraction   844
Y 26.8 Circular Apertures and Resolving Power   845

26.9 Holography   849

27 Relativity				 858
Y 27.1 Invariance of Physical Laws   859

27.2 Relative Nature of Simultaneity   862
27.3 Relativity of Time   864
27.4 Relativity of Length   868
27.5 The Lorentz Transformation   872
27.6 Relativistic Momentum   876

Y 27.7 Relativistic Work and Energy   879
27.8 Relativity and Newtonian Mechanics   882

28 Photons,	Electrons,	and	Atoms				
892

Y 28.1 The Photoelectric Effect   893
Y 28.2 Line Spectra and Energy Levels   898
Y 28.3 The Nuclear Atom and the Bohr Model   903

28.4 The Laser   909
28.5 X-Ray Production and Scattering   910

Y 28.6 The Wave Nature of Particles    914
28.7 Wave-Particle Duality   916
28.8 The Electron Microscope    919

29 Atoms,	Molecules,	and	Solids				
929

29.1 Electrons in Atoms    930
29.2 Atomic Structure 937
29.3 Diatomic Molecules 942
29.4 Structure and Properties of Solids 945
29.5 Energy Bands 947



29.6 Semiconductors    949
29.7 Semiconductor Devices 951
29.8 Superconductivity   945

30 Nuclear	and	High-Energy	Physics				
959

Y 30.1 Properties of Nuclei    960
Y 30.2 Nuclear Stability 965
Y 30.3 Radioactivity 967

30.4 Radiation and the Life Sciences   973
Y 30.5 Nuclear Reactions    977
Y 30.6 Nuclear Fission 979
Y 30.7 Nuclear Fusion    982

30.8 Fundamental Particles 983
30.9 High-Energy Physics    985
30.1 Cosmology 991


