
A SUMMARY / OVERVIEW OF ... 



First example was: 
 
 
 
If  F  is constant 
and the path 
(length d) is  
straight then we 
simply have: 
 
 
 
for work done. 
 



                      For varying F and curve C, we sum the  
                      contributions from elements: 
 
 
 
In Cartesian coordinates: 
 

 
F.dr gives 
 
 
 
 
                                                                           individual  x, y, z 
                                                                           contributions 
 



For                                        , 
 
 
                                                                    This is problematic !! 
                                                                         But, the curve/path 
                                                                         information resolves 
                                                                         this problem.   
 
                                                                         Along curve,  y = x2 

                                                                         we can set: 
 
 



Then, we get:                                                              AND we can put 
 (we can now do                                                         in the limits, in 
   the integrals)                                                           terms of x and y.  
 
 
 
 
 
                                                                                                 
 
 
 
 
 
 
                                                                                                      only depends 
                                                                                                      on end points, 
                                                                                                       and not path   







Conditions for  field  F  to be conservative  ? 



e.g. compare results from  
𝜕

𝜕𝑦
  of Fx condition with 

𝜕

𝜕𝑥
  of Fy  

 
                                                                                                  The test for F 
                                                                                                  components 
                                                                                                  labelled (iii) 
                                                                                                  earlier. 
 
 
                                                                                                   This makes the 
                                                                                                   test conditions 
                                                                                                   easier to 
                                                                                                   remember. 



( 𝑟 = 
𝒓

𝑟
=

𝒓

|𝒓|
 ) 



Then we can use the ... 



REVIEW OF FUNDAMENTAL CONCEPTS (part two) 
 
 
 
 

. . . 
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(which is a unit vector) 



That direction definition leads to the following  
cumbersome expression for the component form: 
 
 
which appears simpler in terms of a matrix determinant definition  
(more of that later in this course): 
 
 
 
 
 
 
 
Then ... 
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Visualising the direction of the vector product ... 



Visualising the magnitude of the vector product ... 

In the plane of  a  and  b : 
 
 
 
 
Equivalent  
          area : 
 
 
 
     | a x b | is the area of the parallelogram with “sides”  a  and  b 
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Combining direction and magnitude information: 
                                VECTOR AREA 

In vector calculus, area is often treated as a vector: 
 

                         magnitude = size of planar area 
                 direction = perpendicular to the plane 

normal 
vector, 
    n “Vector Area” with 

direction given by 
a vector normal to 

the plane 

dS = dS 𝒏  

Element of area: 

unit 
normal 
vector 



1.                                                                gives a vector 
 
 

2.                                   “SCALAR TRIPLE PRODUCT” 
 
 
3.                                                                   “VECTOR TRIPLE 
                                                                         PRODUCT” 



Also ... 

where ... 




