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REMEMBER TO BRING AN  8x11  BLUE EXAM BOOKLET FOR THE TEST
 Relevant sections of the textbook:  [Ch.14: Sec 14.5-14.8  and  Ch.15: Sec. 15.1-15.8.]    
 MAIN PROBLEM SOLVING TECHNIQUES:   
1. How to find the volume of solid regions by using triple integrals. 
2. How to find triple integrals by using cylindrical coordinates and spherical coordinates. 

3. How to find the Jacobian and how to use it to change an integral w.r.t. to one set of variables into an integral w.r.t. another set of variables.
4. How to find the mass and center of gravity of a lamina (or, of a solid body) with a given density by using double integrals (or triple integrals, respectively).
5. How to find the mass and center of gravity of a curved wire (or, of a curved surface) with a given density by using a line integral (or a surface integral, respectively) in a scalar field.

6. How to use the centroid of a curve (or, of a lamina) and Pappus’ Theorem to find the surface area of a surface of revolution (or the volume of a solid of revolution, respectively). 

7. How to make a sketch of a vector field and how to find the gradient, divergence, curl  and Laplacian of the vector field.
8. How to find the work done by a vector field on a particle by using a line integral in a vector field.
9. How to determine if a vector field is conservative and how to find the potential functions for conservative vector fields.
10. How to find the flux across a given surface in a vector field by using a surface integral in a vector field.
---------------

11. How to use Green’s Theorem (and Stokes’ Curl Theorem) to find the work done by a non-conservative vector field on a particle which moves in a simple closed curve in 2 dimensions (in 3 dimensions, respectively).
12.  How to use the Gauss’ Divergence Theorem to find the flux out of an orientable closed surface in a vector field. 
KEY CONCEPTS AND MAIN DEFINITIONS:
 1. 
Triple integrals in Cartesian, cylindrical, and spherical coordinates.  
 2.
The Jacobian in 2 & 3 dimensions and the Change of variable Theorem.
 3.
The mass, centre of gravity, and centroid of a lamina and of a solid body.  
 4. 
The mass, centre of gravity, and centroid of a curved wired  and of a curved surface. 
 5.
Line integrals & surface integrals in a scalar field. & in vector fields.
 6.
Pappus’ volume theorem (& surface-area theorem) for solids (surfaces) of  revolution. 

 7.
The gradient & Laplacian of a scalar field, the divergence & curl  of a vector field.  
 8. 
Work done on a particle moved along C, and flux across a surface S, in a vector field.
 9.
Conservative vector field and the scalar potential of a conservative vector field.


-----------------

10.  
Simple closed curves and orientable closed surface.

11.
Green’s Theorem, Stokes’ Curl Theorem, and Gauss’ Divergence Theorem.
REVIEW  FOR TEST #3  - MAIN FORMULAS:      
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1.
∫∫∫G  f(x,y,z) dV  =  ∫[α, β]  { ∫[r1(θ), r2(θ)] {∫[z1(r,θ), z2(r,θ)]    f(rcosθ, rsin θ, z) . r   dz} dr} dθ.

∫∫∫G  f(x,y,z) dV  =  ∫[α, β]  { ∫[φ1(θ), φ2(θ)] {∫[ρ1(φ,θ), ρ2(φ,θ)]    f(x, y, z) . ρ2 sin(φ)  dρ } dφ } dθ,


where 
x = ρ sin(φ) cos(θ) ,  y = ρ sin(φ) sin(θ), and z = ρ cos(φ).

2.
((x,y) / ((u,v)   = | (x/(u   (x/(v  |    

((x,y,z) / ((u,v,w)   =  | (x/(u   (x/(v  (x/(w |    
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3.   
The mass and volume of the solid region G with density δ(x,y,z) at r = (x,y,z( is given by:


M(G) =  ∫∫∫G   δ(x,y,z) . dV ,        Volume (G) =  ∫∫∫G 1. dV .
4.
xc = (1/M).∫∫∫G  x.δ(x,y,z).dV ,    yc = (1/M).∫∫∫G  y.δ(x,y,z).dV ,     zc = (1/M).∫∫∫G  z.δ(x,y,z).dV.              

5.
Ix = ∫∫∫G  (y2+z2).δ(x,y,z). dV ,     Iy = ∫∫∫G  (x2+z2).δ(x,y,z).dV ,     Iz = ∫∫∫G  (x2+y2).δ(x,y,z).dV.   

6.
The mass of the parameterized curved wire C with density δ(x,y,z) at r = (x,y,z( is given by:


M(C)  =   ∫C   δ(x,y,z)  d(   =   ∫[a,b]   δ(x(t), y(t), z(t)) . ||dr/dt|| . dt  
7.
The mass of the parameterized curved surface S with density δ(x,y,z) at r is given by:


M(S)  =   ∫∫S   δ(x,y,z) dS   =   ∫∫R   δ ( x(u,v), y(u,v), z(u,v) ) . ||(r/du × (r/dv|| . dAuv  .
8.  
(  =  ( (/(x,  (/(y,  (/(z( ,   so     ( f(x,y,z) = grad (f)  = ( (f/(x,  (f/(y,  (f/(z (  .  


(2  =  (.( =   (2/(x2 +  (2/(y2  +  (2/(z2 ,  so   (2 f(x,y,z) =  (2f/(x2 +  (2f/(y2  +  (2f/(z2 .
9.
If  F(x,y,z)   =   (F1, F2, F3 (,  then   curl (F)  =   (× F  =
| i       
  j  
k      |  and
 



              

          
   

| (/(x     (/(y    (/(z |    


div (F) =  (. F =  (F1/(x +  (F2/(y +  (F3/(z (.

| F1
  F2  
F3     | 

10.
The work done by a vector field F(x,y,z)  =  (F1, F2, F3( in moving a particle along the 
parameterized curve C is given by:


W  =   ∫C   F(x,y,z) . dr   =   ∫[a,b]  { F. r'(t)} dt  =  ∫[a,b]  { F1. x'(t)  +  F2. y'(t)  +  F3. z'(t) } dt.  
11.
The flux across a surface S in a vector field F(x,y,z)  =  (F1, F2, F3(  is given by:


 Φ =   ∫∫S   F(x,y,z) . dS   =   ∫∫R  { F( x(u,v), y(u,v), z(u,v) ) . ((r/du × (r/dv) } dAuv .
12. 
If (F2/(x - (F1/(y =0 (in 2 dim.) or curl(F)=0 (in 3 dim.) then F is a conservative vector field.

---------------
13.
(Green’s Theorem):  If C is a simple closed curved in the xy plane which is traversed in the 
anti-clockwise direction and R(C) is the region bounded by C, then
            ∫C  { F1 (x,y) dx  +  F2 (x,y) dy }   =     ∫∫R(C)   {(F2/(x  -  (F1/(y} dA  .
14.
(Stokes’ Curl Theorem):  If C is a simple closed curved in 3 dimensions and S(C) is the 
surface which has C as its boundary with the normals on C pointing towards S, then 

 ∫C   F(x,y,z) . dr   =   ∫∫S(C)   curl (F) . dS  .
15.
(Gauss’ Divergence Theorem): If  S is an orientable closed surface with outward normals and 
G(S) is the solid bounded by S then     ∫∫S   F(x,y,z) . dS   =   ∫∫∫G(S)  { div(F) } dV . 
