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Section 10.2 – Calculus with Parametric Curves
Tangent to a parametric curve:

	Horizontal tangent when:	
	Vertical tangent when:	

Concavity of a parametric curve:

	Concave upward when:		
	Concave downward when: 	

Area under a parametric curve:


Arc length of a parametric curve:


Surface area of a parametric curve:





Section 10.3 – Polar Coordinates
Polar coordinates:



Tangent to a polar curve:























Section 10.4 – Areas and Lengths in Polar Coordinates
Area under a polar curve:


Area between two polar curves:


Arc length of a polar curve:


Roses:
General form:		 or 
Number of petals:	When  is odd, there are  petals
				When  is even, there are  petals













Section 10.5 – Conic Sections
Parabolas:
	
	Opens vertically
	Opens horizontally

	Equation
	
	

	Opening
	Upwards when: 
Downwards when: 
	Rightwards when: 
Leftwards when: 

	Focus
	
	

	Directrix
	
	



Ellipses:
	
	Major axis vertical
	Major axis horizontal

	Equation†
	
	

	Major vertices
	
	

	Minor vertices
	
	

	Foci††
	
	


†Note: 
††Note: 

Hyperbolas:
	
	Opens vertically
	Opens horizontally

	Equation
	
	

	Vertices
	
	

	Foci†
	
	

	Asymptotes
	
	


†Note: 





Section 10.6 – Conic Section in Polar Coordinates
Eccentricity values:
Ellipse:		
Parabola:		
Hyperbola:		

Polar conic formulas (with eccentricity):
Directrix: 


Directrix: 


Directrix: 


Directrix: 










Section 11.10 – Taylor and Maclaurin Series
Taylor Series:


Maclaurin Series:


Radius of convergence:

	Converges when:		
	Diverges when:		
	Undefined when:		

Binomial Series:












Key series (and their radii of convergence):






















Section 12.2 – Vectors
Distance between two points:
, 


Equation of a sphere:


Length of a three-dimensional vector:



Unit vector:
















Section 12.3 – The Dot Product
Dot product:
, 


	Orthogonal when:		

Direction angles and cosines:





Scalar projection of b onto a:


Vector projection of b onto a:


Key cross product properties:
1. 
2. 
3. 
4. 
5. 


Section 12.4 – The Cross Product
Cross product:
, 


	Parallel when:	
Note:  is orthogonal to both  and 

Triple product:


Key cross product properties:
1. 
2. 
3. 
4. 
5. 
6. 










Section 12.5 – Equations of Lines and Planes
Vector equation of a line†:


†Note: Two lines are parallel if their direction vectors, v, are parallel (scalar multiples of each other). Two lines are intersecting if their components are equal for a specific solution t. If these conditions are not met, two lines are skew.


Parametric equations of a line:




Symmetric equations of a line:


Scalar equation of a plane:




Normal of a plane†:



†Note: A point “parallel to a plane” is parallel to the normal vector of that plane. Furthermore, two planes are parallel if their normal vectors are parallel (scalar multiples of each other).


Distance from a point to a plane:



























Section 12.6 – Cylinders and Quadric Surfaces
Traces in the xy-plane:
Let , and test the critical points

Traces in the xz-plane:
Let , and test the critical points

Traces in the yz-plane:
Let , and test the critical points





















Section 13.1 – Vector Functions and Space Curves
Space curves:


Limits of space curves:


Parametric vector equation joining two points:






















Section 13.2 – Derivatives and Integrals of Vector Functions
Derivatives of space curves:


Unit tangent vector:

Integrals of space curves:


Properties of vector space curve differentiation:



Parametric equation of a tangent vector:













Section 13.3 – Arc Length and Curvature of Vector Functions
Length of space curves:


Arc length of space curves:



Reparametrization of r(t):
1. Find 
2. Solve for 
3. Isolate 
4. Substitute  into , to obtain 

Curvature of space curves:


Curvature function of space curves:


Unit normal vector:


Binormal vector:

Normal plane:

	Where: 

Osculating plane:

	Where: 























Section 13.4 – Velocity and Acceleration
Velocity vector:


Speed (scalar):


Acceleration vector:


Tangential component of acceleration:


Normal component of acceleration:


Extremum of a quadratic formula (used when calculating min. speed):

For a quadratic:  








Section 14.4 – Tangent Planes and Linear Approximations
Tangent plane to a surface:


Linear approximation:


Differential:

Where:  and 

Change in  in a surface:

















Section 14.5 – The Chain Rule
Chain Rule:


Chain Rule (tree diagram):
Let ,  and 

























Implicit Function Theorem:










Section 14.6 – Directional Derivatives and the Gradient Vector
Directional derivative:



Gradient vector:


Maximizing/minimizing the gradient vector:
†
††
†Note: Maximum occurs in the direction of the gradient vector
††Note: Minimum occurs in the negative direction of the gradient vector

Maximizing/minimizing the rate of change:



Gradient vector (with angles):


Tangent plane to a level surface:


Unit vector (with angles):




Normal line to a level surface:




























Section 14.7 – Maximum and Minimum Values
Second derivative test:

	When  and , then  is a local minimum
	When  and , then  is a local maximum
	When ,  is not a local extrema
	When , the test is inconclusive
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