
Cross Reference Table 
Lonngren et al. to Maxum 

 
Below is a cross reference correlation between Lonngren, Savov, and Jost’s 
Fundamentals of Electromagnetics with Matlab, 2nd edition, 2nd printing (referred 
to as YOUR TEXT), and Maxum’s Field Mathematics for Electromagnetics, 
Photonics, and Materials Science, 4th printing (referred to as YOUR 
REFERENCE). The material in YOUR TEXT is concise and complete; however, 
students often find reference material helpful in coming to a better understanding 
of courses like electromagnetics that can, at times, be mathematically 
challenging. There are many helpful references, such as those cited in Appendix 
F ─ Bibliography, Best Student References––Short and Economical on page 
490 of YOUR TEXT. 
 
Maxum’s book contains physical explanations of the often hard to comprehend 
vector differential operators––divergence, curl, and gradient. These physical 
descriptions also extend to several second-order operators used in Chapters 4, 5, 
and 6. All of these physical descriptions are provided without resorting to 
coordinate systems. Coordinate system rules are provided and are useful in actual 
calculations; however, they hardly provide physical insight into the nature of the 
operators. YOUR REFERENCE does this and also supplements some of the 
vector concepts covered in YOUR TEXT in order to provide you with another 
viewpoint for clarity of understanding of the materials and concepts in YOUR 
TEXT. 
 
Double arrows ( ↔ ) denote that the subject matter is discussed, usually in 
different ways, in both books, arrows to the left ( ← ) refer to YOUR TEXT, and 
arrows to the right ( → ) refer to YOUR REFERENCE. For example, the 
notation “details →” may refer to details of a derivation that are found in YOUR 
REFERENCE that explain how a formula in YOUR TEXT is found. 
 
This cross reference table is divided into several subgroups: 

A. Products of vectors 
B. Orthogonal coordinate systems 
C. Differential lengths, areas and volume and Integral relations for 

vectors to be used in the development of divergence, curl, and 
gradient. 

D. First-order vector differential operations––divergence, curl, and 
gradient. 

E. Phasors used with time-harmonic signals 
F. Poynting’s theorem, time-harmonic electromagnetic fields, and 

Poynting’s vector 
G. Second-order vector differential operations 



 

 

YOUR TEXT  YOUR REFERENCE 
   
 A. PRODUCTS OF VECTORS  

Eqs. (1.10),(1.12) 
Eq. (1.11) 

The dot product of two vectors ↔  
including the details → of the dot product expansion ↔ 

Eqs. (2.4-11)─(2.4-15)
Eqs. (2.4-13)─(2.4-14)

Eqs. (1.13)─(1.15) Application of dot product─projection of one vector upon another ↔ Eqs. (2.4-16)─(2.4-19)
§1.3.1, 1.3.2 Applications of dot prod.─open & closed line & surface integrals ↔ Eqs. (2.4-20)─(2.4-24)

Eq. (1.17) 
Eq. (1.18) 

The cross product of two vectors ↔  
including the details ( → ) of the cross-product expansion ↔ 

Eqs. (2.4-25)─(2.4-29)
Eqs. (2.4-33)─(2.4-36)

Eq. (1.19) and 
(1.21) Triple products ↔ Eqs. (2.4-37)─(2.4-39)

Example 1.3 
Applications of cross product 

← volume of a parallelepiped, area of a parallelogram → 
Eqs. (2.4-30)─(2.4-32)

Fig. 2.4-2 

 The direct product of two vectors → Sec. 2.4.3, page 2-7 
 Summary of vector operator product operations  

Product 
operation 

Vector 
Operator 

Operand 
 

Resultant 
 

1. Direct product A  scalar field,  b vector field 
2. Dot product ⋅A  vector field, B  scalar field 
3. Cross product ×A  vector field, B  vector field 

 4. Direct product A  vector field, B  dyadic field  

 

1. Of the three kinds of vector products, only the vector direct 
product can operate on a scalar. The result is a vector. 
2. The vector dot product operating on a vector yields a scalar 
resultant. 
3. The vector cross product operation on a vector yields a vector 
resultant. 
4. The vector direct product operation on a vector yields a dyadic 
resultant.  

These three fundamental types of vector products provide the junior-level student with the parallel concepts 
needed in preparation for understanding the resultants from the del operators—divergence, curl and gradient, 
summarized in Table D.  
 
WHILE NOTICING THE PARALLELS, THE READER IS CAUTIONED THAT THESE ANALOGIES APPLY 
ONLY TO THE VECTOR NATURE OF THE OF THE DEL OPERATORS, NOT TO THE DERIVTIVE NATURE. 
(Ref: Sec. C-4, p. C-21). 
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YOUR TEXT  
YOUR 

REFERENCE 
   
 B. ORTHOGONAL COORDINATE SYSTEMS  

Figs. 1-9,1-11,113 
 

Coordinate surfaces ↔ Cartesian, cylindrical, and spherical systems 
 

Figs. B-4, B-5, B-6
 

Table 1,§1.2, 
Appendix A 

 

System parameters for the common orthogonal coordinate systems, 
and transformations from cylindrical and spherical to Cartesian↔ 

 

Table B-1, and  
Figs. B-4 thru B-6 

 

 

Coordinate surfaces and system parameters for seven other 
orthogonal coordinate systems, including transformations to 

Cartesian coordinates→ 

Table B-2 thru B5, 
and  

Figs. B-7 thru B-13

For other 
orthogonal 
coordinate 

surfaces and 
parameters see 

YOUR 
REFERENCE 
Appendix B. 
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C. DIFFERENTIAL LENGTHS, AREAS AND VOLUME; 
INTEGRAL RELATIONS FOR VECTORS TO BE USED IN 
DEVELOPMENT OF DIVERGENCE, CURL, GRADIENT.  

Figs. 1-10, 1-17, 
and Ex. 1.16 

Differential volume & the six vector surfaces ↔ enclosing 
the vol. are defined in Cartesian coordinates for the 

development of divergence → 
§B.1, Fig. B-1,  

Eqs. (B.1-1)−(B.1-3) 
Fig.1-11, 
Eq.(A.21) 

Eqs. (1.21)─(1.23)

Differential volume & the six vector surfaces enclosing the 
vol. are defined in cylindrical coordinates for the 

development of divergence → 
§B.3, Fig. B-3,  

Eqs. (B.3-1)−(B.3-9) 
Fig.1-22, 
Eq.(A.18) 

Eqs. (1.63)─(1.69) 

Differential area & the four differential lengths enclosing the 
surface are defined in Cartesian coordinates for the 

development of curl ↔ 
§B.2, Fig. B-2,  

Eqs. (B.2-1)−(B.2-4) 
Eqs. (1.62) and 

(1.73) 
Gauss’ divergence theorem and Stokes curl theorem are 

developed ↔ §5.3.2 and §5.4.2 
   



 
YOUR TEXT  YOUR REFERENCE 

 
D. FIRST-ORDER VECTOR DIFFERENTIAL 

OPERATIONS  
Text source Operator Operand Construction Resultant Reference source 

1.    §1.4.1 gradient  scalar field,  b differential lengths vector field §4.3.1,(a),(b),(c) 
2.    §1.4.2 divergence vector field, B  differential volume scalar field §4.4.1,(a),(b),(c) 
3.    §1.4.3 curl vector field, B  differential areas vector field §4.5.1, 4.5.2 
4.  div Grad Vector 
   r.h.s. of Eq. (6.7) gradient vector field, B differential lengths dyadic field 

§1.1.6, §4.3.2 and 
Eqs. (4.3-20) − (4.3-23)

   
The three del “operators” − div, curl, and grad are , , and ∇⋅ ∇× ∇ , respectfully (the latter being a “direct” 
product without a dot or cross). The object of the operation is the “operand”. All three del operators can 
operate on vector-field operands, whereas only the gradient can operate on scalar-field operands. See the 
first three columns of Table 4-1 in YOUR REFERENCE (p. 4-36). The geometrical constructs for divergence, 
curl and gradient are differentials of volume (singular), areas and lengths, respectively. 1. The resultant of 
grad scalar is a vector field (see the italicized row). 2, 3, 4. The resultants of div, curl and grad of a vector 
field are fields that increase in dimensionality from zero for div vector to one for curl vector and two for grad 
vector. This latter field is a dyadic field which is introduced in Section 1.1.6 and explained in Sections 3.1 
and 3.3 for the junior-level student in YOUR REFERENCE. The specific application for the development of 
the grad vector is carried out in Section 4.3.2. 
   Based on their respective definitions YOUR REFERENCE provides descriptions of these three quite 
different first-order vector differential operators in terms that conjure a physical feel for the operator's effect 
on the respective fields. These physical descriptions are intended to give the student an appreciation for the 
concepts before being subjected to the myriad mathematical constructs associated with coordinate 
systems. This approach is especially helpful before the student is exposed to the numerous orthogonal 
coordinate system expansions. 
 
1. The concept of gradient of a scalar is introduced by the example of the potential field change as a truck 
driver enters a grade in the road, and then the gradient is developed strictly form a precisely stated 
definition (YOUR REFERENCE, pages 4-8 through 4-12). 
 
2, 3. The divergence and curl of vector-field operands are developed and fully described in physical terms 
before resorting to any kind of coordinate system, thereby giving the student a. physical insight into the 
nature of these vastly different operations (Reference, pages 4-16 through 4-24 and 4-27 through 4-31).   
 
4. The gradient of a vector field is developed in YOUR REFERENCE (Section 4.3.2, p. 4-14) because it is 
needed as the first step in the direct determination of the vector Laplacian. As we will come to appreciate in 
Part G of this Cross Reference Table, the vector Laplacian is an integral part of vector-wave-equation 
development. In addition to grad vector, we encounter dyadics in many applications of electromagnetic 
engineering as outlined in the examples of Section 1.1.6 (pages 1-7 and 1-8) of YOUR REFERENCE.   

 

 
 
 
 
 
 
  



 
 

 
E. PHASORS USED WITH TIME-HARMONIC 

SIGNALS  
§1.5, 

Eqs. (1.80)−(1.84) 
and Exs. 1.19−1.21, 

Introduction to phasors and phasor notation ↔ 
Examples of the use of phasors↔ 

Phasor scalars↔, phasor vectors and phasor dyadics →

§1.1.5,  
and §2.5 

 Eqs. (2.4-40)−(2.4-43) 
 
 
 
 

 

 
 

F. POYNTING’S THEOREM AND POYNTING’S 
VECTOR USED IN DETERMINING THE ENERGY IN 

ELECTROMAGNETIC FIELDS  
§5.5,  

Eqs. (5.38)−(5.43) 
Exs. 5.17−5.18 

Poynting’s Theorem ↔ representing energy flows: 
Electromagnetic fields ↔, conduction current losses ↔, 
and convection current losses →. Poynting vector, ↔ 

§5.3.4 and 
Eqs. (5.3-13)−(5.3-20) 

 
 

YOUR TEXT  YOUR REFERENCE 

 
G. SECOND-ORDER VECTOR DIFFERETIAL 

OPERATIONS  
§1.4.4, Eq. (1.74) The vanishing Divergence of the Curl of a vector field §4.7.2, Eq. (4.7-3) 
§1.4.4, Eq. (1.75) The vanishing Curl of the Gradient of a scalar field §4.7.2, Eq. (4.7-1) 

§1.4.4, Eq. (1.76) 
The scalar Laplacian ─  

The Divergence of the Gradient of a scalar field §4.7.3, Eq. (4.7-5) 

§6.1, r.h.s. Eq. (6.7) 
The vector Laplacian ─  

The Divergence of the Gradient of a vector field §4.7.4 
§6.1, l.h.s. Eq. (6.7) The Curl of the Curl of a vector field §4.7.5, §4.7.6(a) 
   
Again, physical descriptions are provided of these second-order vector differential operations before the 
student is expected to get bogged down into the morass of equations associated with coordinate systems. 
For example the significance of the two vanishing second-order identities ( 0a∇×∇ = and ) is 
that these two vector identities provided the basis for concepts of electric scalar potential and magnetic 
vector potential, rather than to just cite the identities. 

0∇ ⋅∇× =A

 
  The scalar Laplacian ( ) is extremely helpful in plotting electric potential fields. 2a∇ ⋅∇ = ∇ a
 
  The vector Laplacian ( ) is essential in the formulation of the electric and magnetic field 
intensity E and H wave equations. Every junior-level electromagnetics course makes use of the vector 
identity ( ) indicated by the first equal sign of YOUR TEXT Eq.(6.1). This 
identity provides a way to obtain the vector Laplacian using only scalar and vector quantities. This is a 
tedious exercise even in rectangular coordinates. In YOUR REFERENCE Maxum shows that by introducing 
the concept of a dyadic the vector Laplacian can more easily be determined directly. 

2∇ ⋅∇ = ∇A A

A2A A A∇ ⋅∇ = ∇ ∇∇ ⋅ ∇ × ∇ ×= −

 
  The curl of the curl ( ) is described in terms of the vorticity vector and circulation density 
described in §4.5.2 with physical examples in §4.7.5(a). 

A∇×∇ ×

 
  Study Tables 4-2(a) and 4-2(b) on pg. 4-39 of YOUR REFERENCE for resultants.  




