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  This is the third edition of our book Electromagnetics. It is intended as a text for use by engineering graduate students in a first-year sequence where the basic concepts learned as undergraduates are solidified and a conceptual foundation is established for future work in research. It should also prove useful for practicing engineers who wish to improve their understanding of the principles of electromagnetics, or brush up on those fundamentals that have become cloudy with the passage of time.
  The assumed background of the reader is limited to standard undergraduate topics in physics and mathematics. These include complex arithmetic, vector analysis, ordinary differential equations, and certain topics normally covered in a “signals and systems” course (e.g., convolution and the Fourier transform). Further analytical tools, such as contour integration, dyadic analysis, and separation of variables, are covered in a self- contained mathematical appendix.
  The organization of the book, as with the second edition, is in seven chapters. In
  
 is concerned
  with a presentation of Maxwell’s theory of electromagnetism. Here attention is given to several useful forms of Maxwell’s equations, the nature of the four field quantities and of the postulate in general, some fundamental theorems, and the wave nature of the time- varying field. The electrostatic and magnetostatic cases are treated in
  and an
  introduction to quasistatics is provided. In
   we cover the representation of the
  field in the frequency domains: both temporal and spatial. The behavior of common engi- neering materials is also given some attention. The use of potential functions is discussed in
  along with other field decompositions including the solenoidal–lamellar,
  transverse–longitudinal, and TE–TM types. In
   we present the powerful in-
  tegral solution to Maxwell’s equations by the method of Stratton and Chu. Finally, in
  
 we provide introductory coverage of integral equations and discuss how they
  may be used to solve a variety of problems in electromagnetics, including several classic problems in radiation and scattering. A main mathematical appendix near the end of the book contains brief but sufficient treatments of Fourier analysis, vector transport theo- rems, complex-plane integration, dyadic analysis, and boundary value problems. Several subsidiary appendices provide useful tables of identities, transforms, and so on.
  The third edition of Electromagnetics includes a large amount of new material. Most significantly, each chapter (except the first) now has a culminating section titled “Appli- cation.” The material introduced in each chapter is applied to an area of some practical interest, to solidify concepts and motivate their study. In
Chapter 2 we examine particle
  motion in static electric and magnetic fields, with applications to electron guns and cath- ode ray tubes. Also included is a bit of material on relativistic motion to demonstrate that knowledge of relativity can be important in engineering as well as physics. We take a detailed look at using structures to shield static and quasistatic electric and magnetic fields in
Chapter 3 , and compute shielding effectiveness for several canonical problems. In
  xxii Preface describe several well-known techniques for extracting the electromagnetic parameters of planar samples using reflection and transmission measurements. In
  waveguides and transmission lines from an electromagnetic perspective. We treat many classic structures such as rectangular, circular, and triangular waveguides, coaxial cables, fiber-optic cables, slab waveguides, strip transmission lines, horn waveguides, and coni- cal transmission lines. We also examine waveguides filled with ferrite and partially filled with dielectrics. In
  characteristics such as gain, pattern, bandwidth, and radiation resistance. We treat both wire antennas, such as dipoles and loops, and aperture antennas, such as dish antennas. Finally, in
   we revisit shielding and study the penetration of electromagnetic
  waves through ground plane apertures by solving integral equations. The material on the impedance properties of antennas, covered earlier in
  is augmented by computing the radiation properties of slot antennas using the method of moments. We have added many new examples, and now set them off in a smaller typeface,
  indented and enclosed by solid arrows ◮ ◭. This makes them easier to locate. A large fraction of the new examples are numerical, describing practical situations the reader may expect to encounter. Many include graphs or tables exploring solution behavior as relevant parameters are varied, thereby providing significant visual feedback. There are 247 numbered examples in the third edition, including several in the mathematical appendix.
  Several other new topics are covered in the third edition. A detailed section on electro- and magneto-quasistatics has been added to
  pacitance and inductance to be introduced within the context of time-changing fields without having to worry about solving Maxwell’s equations. The diffusion equation is derived, and skin depth and internal impedance are examined — quantities crucial for understanding shielding at low frequencies. New material on the direct solution to Gauss’ law and Ampere’s law is also added to
  The section on plane wave propaga-
  tion in layered media, covered in
  is considerably enhanced. The wave-matrix
  method for obtaining the reflected and transmitted plane-wave fields in multi-layered media is described, and many new canonical problems are examined that are used in the section on material characterization. In
  tion of the electromagnetic fields is extended to anisotropic materials. The decomposition is applied later in the chapter to analyze the fields in a waveguide filled with a magnetized ferrite. Also new in
   is a description of the solenoidal-lamellar decomposition
  of solutions to the vector wave equation and vector spherical wave functions. The guided waves application section of
   includes new material on cascaded waveguide
  systems, including using mode matching to determine the reflection and transmission of higher-order modes at junctions between differing waveguides. Finally, new mate- rial on the application of Fourier transforms to partial differential equations has been added to the mathematical appendix. Solutions to Laplace’s equation are examined, and the Fourier transform representation of the three-dimensional Green’s function for the Helmholtz equation is derived.
  We have also made some minor notational changes. We represented complex permit-
  ′ ′′ ′ ′′
  tivity and permeability in the previous editions as ˜ ǫ = ˜ǫ + j˜ǫ and ˜ µ = ˜ µ + j ˜ µ , with
  ′′ ′′
  ˜ ǫ µ ≤ 0 and ˜ ≤ 0 for passive materials. Some readers found this objectionable, since
  ′ ′′ ′′
  it is more common to write, for instance, ˜ǫ = ˜ ǫ with ˜ ǫ − j˜ǫ ≥ 0 for passive materi- als. To avoid additional confusion we now write ˜ǫ = Re ˜ ǫ + j Im ˜ ǫ, where Im ˜
  ǫ ≤ 0 for passive materials. We find this notation unambiguous, although perhaps a bit cumber- Preface xxiii term Kronig–Kramers, used in previous editions, to Kramers–Kronig, which is in more common use. Finally, we have changed the terms Lorentz condition and Lorentz gauge to Lorenz condition and Lorenz gauge; although Hendrik Antoon Lorentz has long been associated with the equation ∇ · A = −µǫ∂φ/∂t, it is now recognized that this equation originated with Ludvig Valentin Lorenz 
  
 ].
  We would like to express our deep gratitude to colleagues who contributed to the de- velopment of the book. The reciprocity-based derivation of the Stratton–Chu formula was provided by Dennis P. Nyquist, as was the material on wave reflection from multiple layers. The groundwork for our discussion of the Kramers–Kronig relations was laid by Michael Havrilla. Material on the time-domain reflection coefficient was developed by Jungwook Suk. Korede Oladimeji contributed to the work on field penetration through slots, while Raenita Fenner provided material on error analysis for material characteri- zation. We owe thanks to Leo Kempel, David Infante, and Ahmet Kizilay for carefully reading large portions of the first edition manuscript, and to Christopher Coleman for helping to prepare the figures. Benjamin Crowgey assisted us by reading the new appli- cation section on material characterization, and by providing material on the TE–TM decomposition of fields in anisotropic media. We are indebted to John E. Ross for kindly permitting us to employ one of his computer programs for scattering from a sphere and another for numerical Fourier transformation. Michael I. Mishchenko and Christophe Caloz offered valuable feedback and encouragement based on their experiences with the second edition. Finally, we would like to thank Kyra Lindholm, Michele Dimont, and Nora Konopka of Taylor &amp; Francis for their guidance and support throughout the pub- lication process, and John Gandour for designing the cover.
  
  Edward J. Rothwell received the BS degree from Michigan Technological University, the MS and EE degrees from Stanford University, and the PhD from Michigan State University, all in electrical engineering. He has been a faculty member in the Depart- ment of Electrical and Computer Engineering at Michigan State University since 1985, and currently holds the Dennis P. Nyquist Professorship in Electromagnetics. Before coming to Michigan State he worked at Raytheon and Lincoln Laboratory. Dr. Rothwell has published numerous articles in professional journals involving his research in elec- tromagnetics and related subjects. He is a member of Phi Kappa Phi, Sigma Xi, URSI Commission B, and is a Fellow of the IEEE. Michael J. Cloud received the BS, MS, and PhD degrees from Michigan State Univer- sity, all in electrical engineering. He has been a faculty member in the Department of Electrical and Computer Engineering at Lawrence Technological University since 1987, and currently holds the rank of associate professor. Dr. Cloud has coauthored twelve other books. He is a senior member of the IEEE.
  Any book that covers a broad range of topics will likely harbor some problems with notation and symbology. This results from having the same symbol used in different areas to represent different quantities, and also from having too many quantities to represent. Rather than invent new symbols, we choose to stay close to the standards and warn the reader about any symbol used to represent more than one distinct quantity.
  The basic nature of a physical quantity is indicated by typeface or by the use of a diacritical mark. Scalars are shown in ordinary typeface: q, Φ, for example. Vectors are shown in boldface: E, Π. Dyadics are shown in boldface with an overbar: ¯ǫ, ¯ A. Frequency-dependent quantities are indicated by a tilde, whereas time-dependent quan- tities are written without additional indication; thus we write ˜ E(r, ω) and E(r, t). (Some quantities, such as impedance, are used in the frequency domain to interrelate Fourier spectra; although these quantities are frequency dependent they are seldom written in the time domain, and hence we do not attach tildes to their symbols.) We often combine diacritical marks: for example, ˜ ¯ǫ denotes a frequency domain dyadic. We distinguish carefully between phasor and frequency domain quantities. The variable ω is used for the frequency variable of the Fourier spectrum, while ˇ ω is used to indicate the constant frequency of a time harmonic signal. We thus further separate the notion of a phasor field from a frequency domain field by using a check to indicate a phasor field: ˇ E(r). However, there is often a simple relationship between the two, such as ˇ E = ˜ E(ˇ ω).
  ′
  We designate the field and source point position vectors by r and r , respectively, and the corresponding relative displacement or distance vector by R:
  ′ .
  R = r − r A hat designates a vector as a unit vector (e.g., ˆ x). The sets of coordinate variables in rectangular, cylindrical, and spherical coordinates are denoted by
  (x, y, z), (ρ, φ, z),
  (r, θ, φ), respectively. (In the spherical system φ is the azimuthal angle and θ is the polar angle.) We freely use the “del” operator notation ∇ for gradient, curl, divergence, Laplacian,
  2 Electromagnetics
  Introductory treatments of electromagnetics often stress the role of the field in force transmission: the individual fields E and B are defined via the mechanical force on a small test charge. This is certainly acceptable, but does not tell the whole story. We might, for example, be left with the impression that the EM field always arises from an interaction between charged objects. Often coupled with this is the notion that the field concept is meant merely as an aid to the calculation of force, a kind of notational convenience not placed on the same physical footing as force itself. In fact, fields are more than useful — they are fundamental. Before discussing electromagnetic fields in more detail, let us attempt to gain a better perspective on the field concept and its role in modern physical theory. Fields play a central role in any attempt to describe physical reality. They are as real as the physical substances we ascribe to everyday experience. In the words of Einstein 
   ],
  “It seems impossible to give an obvious qualitative criterion for distinguishing between matter and field or charge and field.” We must therefore put fields and particles of matter on the same footing: both carry energy and momentum, and both interact with the observable world.
  Early nineteenth century physical thought was dominated by the action at a distance concept, formulated by Newton more than 100 years earlier in his immensely successful theory of gravitation. In this view the influence of individual bodies extends across space, instantaneously affects other bodies, and remains completely unaffected by the presence of an intervening medium. Such an idea was revolutionary; until then action by contact, in which objects are thought to affect each other through physical contact or by contact with the intervening medium, seemed the obvious and only means for mechanical interaction. Priestly’s experiments in 1766 and Coulomb’s torsion-bar experiments in 1785 seemed to indicate that the force between two electrically charged objects behaves in strict analogy with gravitation: both forces obey inverse square laws and act along a line joining the objects. Oersted, Ampere, Biot, and Savart soon showed that the magnetic force on segments of current-carrying wires also obeys an inverse square law.
  The experiments of Faraday in the 1830s placed doubt on whether action at a distance really describes electric and magnetic phenomena. When a material (such as a dielec- tric) is placed between two charged objects, the force of interaction decreases; thus, the intervening medium does play a role in conveying the force from one object to the other. To explain this, Faraday visualized “lines of force” extending from one charged object to another. The manner in which these lines were thought to interact with materials they intercepted along their path was crucial in understanding the forces on the objects. This also held for magnetic effects. Of particular importance was the number of lines passing through a certain area (the flux ), which was thought to determine the amplitude of the effect observed in Faraday’s experiments on electromagnetic induction.
  Faraday’s ideas presented a new world view: electromagnetic phenomena occur in the region surrounding charged bodies, and can be described in terms of the laws governing Introductory concepts 3 stresses and strains in media surrounding charged objects. His law of induction was formulated not in terms of positions of bodies, but in terms of lines of magnetic force.
  Inspired by Faraday’s ideas, Gauss restated Coulomb’s law in terms of flux lines, and Maxwell extended the idea to time-changing fields through his concept of displacement current.
  In the 1860s Maxwell created what Einstein called “the most important invention since Newton’s time” — a set of equations describing an entirely field-based theory of electromagnetism. These equations do not model the forces acting between bodies, as do Newton’s law of gravitation and Coulomb’s law, but rather describe only the dynamic, time-evolving structure of the electromagnetic field. Thus, bodies are not seen to interact with each other, but rather with the (very real) electromagnetic field they create, an interaction described by a supplementary equation (the Lorentz force law). To better understand the interactions in terms of mechanical concepts, Maxwell also assigned properties of stress and energy to the field.
  Using constructs that we now call the electric and magnetic fields and potentials, Maxwell synthesized all known electromagnetic laws and presented them as a system of differential and algebraic equations. By the end of the nineteenth century, Hertz had devised equations involving only the electric and magnetic fields, and had derived the laws of circuit theory (Ohm’s law and Kirchhoff’s laws) from the field expressions. His experiments with high-frequency fields verified Maxwell’s predictions of the existence of electromagnetic waves propagating at finite velocity, and helped solidify the link between electromagnetism and optics. But one problem remained: if the electromagnetic fields propagated by stresses and strains on a medium, how could they propagate through a vacuum? A substance called the luminiferous aether, long thought to support the trans- verse waves of light, was put to the task of carrying the vibrations of the electromagnetic field as well. However, the pivotal experiments of Michelson and Morely showed that the aether was fictitious, and the physical existence of the field was firmly established.
  The essence of the field concept can be conveyed through a simple thought experiment. Consider two stationary charged particles in free space. Since the charges are stationary, we know that (1) another force is present to balance the Coulomb force between the charges, and (2) the momentum and kinetic energy of the system are zero. Now suppose one charge is quickly moved and returned to rest at its original position. Action at a distance would require the second charge to react immediately (Newton’s third law), but by Hertz’s experiments it does not. There appears to be no change in energy of the system: both particles are again at rest in their original positions. However, after a time (given by the distance between the charges divided by the speed of light) we find that the second charge does experience a change in electrical force and begins to move away from its state of equilibrium. But by doing so it has gained net kinetic energy and momentum, and the energy and momentum of the system seem larger than at the start. This can only be reconciled through field theory. If we regard the field as a physical entity, then the nonzero work required to initiate the motion of the first charge and return it to its initial state can be seen as increasing the energy of the field. A disturbance propagates at finite speed and, upon reaching the second charge, transfers energy into kinetic energy of the charge. Upon its acceleration this charge also sends out a wave of field disturbance, carrying energy with it, eventually reaching the first charge and creating a second reaction. At any given time, the net energy and momentum of the system, composed of both the bodies and the field, remain constant. We thus come to regard the electromagnetic field as a true physical entity: an entity capable of carrying
  4 Electromagnetics
  Before we can invoke physical laws, we must find a way to describe the state of the system we intend to study. We generally begin by identifying a set of state variables that can depict the physical nature of the system. In a mechanical theory such as Newton’s law of gravitation, the state of a system of point masses is expressed in terms of the instantaneous positions and momenta of the individual particles. Hence 6N state variables are needed to describe the state of a system of N particles, each particle having three position coordinates and three momentum components. The time evolution of the system state is determined by a supplementary force function (e.g., gravitational attraction), the initial state (initial conditions), and Newton’s second law F = dP/dt.
  Descriptions using finite sets of state variables are appropriate for action-at-a-distance interpretations of physical laws such as Newton’s law of gravitation or the interaction of charged particles. If Coulomb’s law were taken as the force law in a mechanical description of electromagnetics, the state of a system of particles could be described completely in terms of their positions, momenta, and charges. Of course, charged particle interaction is not this simple. An attempt to augment Coulomb’s force law with Ampere’s
  
  force law would not account for kinetic energy loss via radiation. Hence we abandon the mechanical viewpoint in favor of the field viewpoint, selecting a different set of state variables. The essence of field theory is to regard electromagnetic phenomena as affecting all of space. We shall find that we can describe the field in terms of the four vector quantities E, D, B, and H. Because these fields exist by definition at each point in space and each time t, a finite set of state variables cannot describe the system.
  Here then is an important distinction between field theories and mechanical theories: the state of a field at any instant can only be described by an infinite number of state variables. Mathematically we describe fields in terms of functions of continuous variables; however, we must be careful not to confuse all quantities described as “fields” with those fields innate to a scientific field theory. For instance, we may refer to a temperature “field” in the sense that we can describe temperature as a function of space and time. However, we do not mean by this that temperature obeys a set of physical laws analogous to those obeyed by the electromagnetic field.
  What special character, then, can we ascribe to the electromagnetic field that has meaning beyond that given by its mathematical implications? In this book, E, D, B, and H are integral parts of a field-theory description of electromagnetics. In any field theory we need two types of fields: a mediating field generated by a source, and a field describing the source itself. In free-space electromagnetics the mediating field consists of E and B, while the source field is the distribution of charge or current. An important consideration is that the source field must be independent of the mediating field that it “sources.” Additionally, fields are generally regarded as unobservable: they can only be measured indirectly through interactions with observable quantities. We need a link to mechanics to observe E and B: we might measure the change in kinetic energy of a particle as it interacts with the field through the Lorentz force. The Lorentz force becomes the force function in the mechanical interaction that uniquely determines the (observable) mechanical state of the particle.
  A field is associated with a set of field equations and a set of constitutive relations. The field equations describe, through partial derivative operations, both the spatial distribu- tion and temporal evolution of the field. The constitutive relations describe the effect Introductory concepts 5 of the supporting medium on the fields and are dependent upon the physical state of the medium. The state may include macroscopic effects, such as mechanical stress and thermodynamic temperature, as well as the microscopic, quantum-mechanical properties of matter.
  The value of the field at any position and time in a bounded region V is then determined uniquely by specifying the sources within V , the initial state of the fields within V , and the value of the field or finitely many of its derivatives on the surface bounding V . If the boundary surface also defines a surface of discontinuity between adjacent regions of differing physical characteristics, or across discontinuous sources, then jump conditions may be used to relate the fields on either side of the surface.
  The variety of forms of field equations is restricted by many physical principles, in- cluding reference-frame invariance, conservation, causality, symmetry, and simplicity. Causality prevents the field at time t = 0 from being influenced by events occurring at subsequent times t &gt; 0. Of course, we prefer that a field equation be mathematically robust and well-posed to permit solutions that are unique and stable.
  Many of these ideas are well illustrated by a consideration of electrostatics. We can describe the electrostatic field through a mediating scalar field Φ(x, y, z) known as the electrostatic potential. The spatial distribution of the field is governed by Poisson’s equation
  2
  2
  2
  ∂ Φ ∂ Φ ∂ Φ ρ

	,

  = −
  2
  2
  2
  ∂x ∂y ∂z ǫ where ρ = ρ(x, y, z) is the source charge density. No temporal derivatives appear, and the spatial derivatives determine the spatial behavior of the field. The function ρ represents the spatially averaged distribution of charge that acts as the source term for the field Φ. Note that ρ incorporates no information about Φ. To uniquely specify the field at any point, we must still specify its behavior over a boundary surface. We could, for instance, specify Φ on five of the six faces of a cube and the normal derivative ∂Φ/∂n on the remaining face. Finally, we cannot directly observe the static potential field, but we can observe its interaction with a particle. We relate the static potential field theory to the realm of mechanics via the electrostatic force F = qE acting on a particle of charge q.
  In future chapters we shall present a classical field theory for macroscopic electromag- netics. In that case the mediating field quantities are E, D, B, and H, and the source field is the current density J.
  Electric charge is an intriguing natural entity. Human awareness of charge and its effects dates back to at least 600 BC, when the Greek philosopher Thales of Miletus observed that rubbing a piece of amber could enable the amber to attract bits of straw. Although charging by friction is probably still the most common and familiar manifestation of electric charge, systematic experimentation has revealed much more about the behavior of charge and its role in the physical universe. There are two kinds of charge, to which Benjamin Franklin assigned the respective names positive and negative. Franklin ob- served that charges of opposite kind attract and charges of the same kind repel. He also
  6 Electromagnetics has added dramatically to the understanding of charge:
  1. Electric charge is a fundamental property of matter, as is mass or dimension.
  2. Charge is quantized : there exists a smallest quantity (quantum) of charge that can be associated with matter. No smaller amount has been observed, and larger amounts always occur in integral multiples of this quantity.
  3. The charge quantum is associated with the smallest subatomic particles, and these particles interact through electrical forces. In fact, matter is organized and arranged through electrical interactions; for example, our perception of physical contact is merely the macroscopic manifestation of countless charges in our fingertips pushing against charges in the things we touch.
  4. Electric charge is an invariant : the value of charge on a particle does not depend on the speed of the particle. In contrast, the mass of a particle increases with speed.
  5. Charge acts as the source of an electromagnetic field; the field is an entity that can carry energy and momentum away from the charge via propagating waves. We begin our investigation of the properties of the electromagnetic field with a detailed examination of its source.
  We are interested primarily in those electromagnetic effects that can be predicted by classical techniques using continuous sources (charge and current densities). Although macroscopic electromagnetics is limited in scope, it is useful in many situations en- countered by engineers. These include, for example, the determination of currents and voltages in lumped circuits, torques exerted by electrical machines, and fields radiated by antennas. Macroscopic predictions can fall short in cases where quantum effects are im- portant: e.g., with devices such as tunnel diodes. Even so, quantum mechanics can often be coupled with classical electromagnetics to determine the macroscopic electromagnetic properties of important materials.
  Electric charge is not of a continuous nature. The quantization of atomic charge — ±e for electrons and protons, ±e/3 and ±2e/3 for quarks — is one of the most precisely
  21
  established principles in physics (verified to 1 part in 10 ). The value of e itself is known to great accuracy. The 2014 recommendation of the Committee on Data for Science and Technology (CODATA) is
  −19
  Coulombs (C), e = 1.6021766208 × 10
  
−19
  C. However, the discrete nature of charge with an uncertainty of 0.0000000098 × 10 is not easily incorporated into everyday engineering concerns. The strange world of the individual charge — characterized by particle spin, molecular moments, and thermal vibrations — is well described only by quantum theory. There is little hope that we can learn to describe electrical machines using such concepts. Must we therefore retreat to the macroscopic idea and ignore the discretization of charge completely? A viable alternative is to use atomic theories of matter to estimate the useful scope of macroscopic electromagnetics. Introductory concepts 7 were continuous, macroscopic electromagnetics is regarded as valid because it is verified by experiment over a certain range of conditions. This applicability range generally corresponds to dimensions on a laboratory scale, implying a very wide range of validity for engineers.
   Macroscopic electromagnetics can hold in a world of discrete charges because applications usually occur over physical scales that include vast numbers of charges. Common devices, generally much larger than individual particles, “average” the rapidly varying fields that exist in the spaces between charges, and this allows us to view a source as a continuous “smear” of charge. To determine the range of scales over which the macroscopic viewpoint is valid, we must compare averaged values of microscopic fields to the macroscopic fields we measure in the lab. But if the effects of the individual charges are describable only in terms of quantum notions, this task will be daunting at best. A simple compromise, which produces useful results, is to extend the macroscopic theory right down to the microscopic level and regard discrete charges as “point” entities that produce electromagnetic fields according to Maxwell’s equations. Then, in terms of scales much larger than the classical
  −14

                                            

                

                
                    
                        
                             Lihat dokumen lengkap (1213 Halaman - 16.76MB)
                            
                        
                    
                

                
                    
                

            
            
                                
                                            
                                    



                
                    Dokumen yang terkait

                    
        
            
        

        
            InDesign CC Digital Classroom 2018 Edition pdf  pdf

        

        
        
             0
        
            
             2
        
            
             388
        
        

    
    

    
        
            
        

        
            Implementing Splunk 7  Effective operational intelligence to transform machine generated data into valuable business insight 3rd Edition pdf  pdf

        

        
        
             0
        
            
             1
        
            
             701
        
        

    
    

    
        
            
        

        
            Cisco Press   Internetworking Technologies Handbook 4th Edition pdf  pdf

        

        
        
             1
        
            
             4
        
            
             1321
        
        

    
    

    
        
            
        

        
            Concepts of Database Management 8th Edition pdf  pdf

        

        
        
             1
        
            
             46
        
            
             435
        
        

    
    

    
        
            
        

        
            Issues in Financial Accounting 15th Edition pdf  pdf

        

        
        
             0
        
            
             6
        
            
             1029
        
        

    
    

    
        
            
        

        
            Troubleshooting & Maintaining Your PC All in One for Dummies 3rd Edition pdf  pdf

        

        
        
             0
        
            
             4
        
            
             457
        
        

    
    

    
        
            
        

        
            Photoshop CC Digital Classroom 2018 Edition pdf  pdf

        

        
        
             0
        
            
             1
        
            
             305
        
        

    
    

    
        
            
        

        
            iCloud Visual QuickStart Guide 2nd Edition pdf  pdf

        

        
        
             0
        
            
             0
        
            
             225
        
        

    
    

    
        
            
        

        
            Foundations of Strategy 2nd Edition pdf  pdf

        

        
        
             1
        
            
             44
        
            
             394
        
        

    
    

    
        
            
        

        
            System Requirements Analysis 2nd Edition pdf  pdf

        

        
        
             0
        
            
             3
        
            
             818
        
        

    
    

                







                                    
                        
                    

                            

        
    
    
        
            
                Download (1213 Halaman - 16.76MB)
                
            
        
    

    
        
        
            
                
                ×
                
            

            
                Dokumen yang Anda mencari sudah siap untuk unduhkan

                
                    
                         Electromagnetics 3rd Edition pdf  pdf
                    
                

                
                    
                         Lihat dokumen lengkap (1213 Halaman )
                        
                    
                
            

        

    



    
        
            
                
                    	
                            
                                
                            
                        
	
	                                                    	
                                            
                                        
                                    
	
                                            
                                        
                                    
	
                                            
                                        
                                    


                        


                

                
                    	Dukungan

	
                            
                                info@id.123dok.com
                            
                        
	Syarat penggunaan
	Kebijakan tentang cara menjual dokumen


                

                
                    	Links

	 Titles
	 Topics


                

            
        

    

    
         Copyright 123dok © 2017. 
    


↑


    
        
    


    
        
            
        
    


    

            
              Kategori
            
          

        	
                Semua            
        
	
                                    
                        Bisnis
                    
                
	
                                    
                        Karier
                    
                
	
                                    
                        Data & Analitik
                    
                
	
                                    
                        Desain
                    
                
	
                                    
                        Perangkat & Hardware
                    
                
	
                                    
                        Ekonomi & Keuangan
                    
                
	
                                    
                        Lingkungan
                    
                
	
                                    
                        Pendidikan
                    
                
	
                                    
                        Teknik
                    
                
	
                                    
                        Hiburan & Seni
                    
                
	
                                    
                        Makanan
                    
                
	
                                    
                        Pemerintah & Organisasi Nirlaba
                    
                
	
                                    
                        Kesehatan & Pengobatan
                    
                
	
                                    
                        Pelayanan kesehatan
                    
                
	
                                    
                        Internet
                    
                
	
                                    
                        Hubungan investasi
                    
                
	
                                    
                        Hukum
                    
                
	
                                    
                        Kepemimpinan & Manajemen
                    
                
	
                                    
                        Gaya hidup
                    
                
	
                                    
                        Marketing
                    
                
	
                                    
                        Mobile
                    
                
	
                                    
                        Berita & Politik
                    
                
	
                                    
                        Presentasi & Public Speaking
                    
                
	
                                    
                        Perumahan
                    
                
	
                                    
                        Perekrutan & HR
                    
                
	
                                    
                        Ritel
                    
                
	
                                    
                        Penjualan
                    
                
	
                                    
                        Ilmu pengetahuan
                    
                
	
                                    
                        Perbaikan diri sendiri
                    
                
	
                                    
                        Layanan
                    
                







    
    
    





  
