[bookmark: _Natural_Logarithm][bookmark: _The_Golden_ratio][bookmark: _Toc127131322][bookmark: _Toc136806035][bookmark: _Toc71878098]The Golden Ratio φ
Note that given the golden ratio equality, when expanding into a proper fraction and rearranging, it yields the value for 

[bookmark: _Phi_Exponent][bookmark: _Derivative_Definition_and][bookmark: _Derivative_Function_1][bookmark: _Tangent_Line][bookmark: _Differentiability][bookmark: _First_Derivative_Use][bookmark: _Constant_Rule][bookmark: _Product_Rule][bookmark: _Quotient_Rule][bookmark: _Power_Rule_3][bookmark: _Mean_Value_Theorem_1][bookmark: _Derivative_of_a][bookmark: _Chain_Rule][bookmark: _Implicit_Differentiation_(Chain][bookmark: _Toc71878117][bookmark: _Toc127131349][bookmark: _Toc136806051][bookmark: _Toc405458210]Implicit Differentiation (Chain Rule)
The chain rule is the derivative for composite functions, meaning one function is within the other
[bookmark: _Toc127131350]Proof
Recall that a derivative is a limit to an infinitesimal change, and that the limit of a product is the product of the limits

As , , therefore . Solve the limits.

[bookmark: _Power_Rule_1][bookmark: _L’Hôpital’s_Rule][bookmark: _Mean_Value_Theorem][bookmark: _Derivative_of_an][bookmark: _L’Hôpital’s_Rule_2][bookmark: _Common_Limits_Derived][bookmark: _Derivative_of_e][bookmark: _Derivative_of_Logarithmic][bookmark: _Toc71878124][bookmark: _Toc127131361][bookmark: _Toc136806055]Derivative of Logarithmic Functions
[bookmark: _Toc127131362]Proof
Given that  and  are inverses of each other, insert the values into the inverse function derivative, and simplify

Differentiate the logarithms change of base formula (to ), extract the constant, and derive

[bookmark: _Derivative_of_Exponential][bookmark: _Derivative_of_a_1][bookmark: _Toc71878125][bookmark: _Toc127131365][bookmark: _Toc136806057]Derivative of a Variable Raised to Itself
[bookmark: _Toc127131366]Proof
Let  so that , use the logarithms power rule, then derive

Define components of the product rule
	
	
	
	


Derive, using the chain rule on the left and the product rule on the right, then simplify

Multiply both sides by  and substitute  for its terms in 
[bookmark: _Toc71878126][bookmark: _Toc127131367][bookmark: _Toc136806058]Trigonometric Derivatives
[bookmark: _Derivatives_of_Trig][bookmark: _Toc127131368][bookmark: _Toc136806059]Derivatives of Trig Functions
[bookmark: _Toc71878128][bookmark: _Toc127131369]Higher Order Sine and Cosine Derivatives
The sine and cosine derivatives alternate and change signs as they are continued, therefore the following holds:
	
	


[bookmark: _Derivative_of_Cosine][bookmark: _Derivatives_of_Trig_1][bookmark: _Toc127131376][bookmark: _Toc136806060]Derivatives of Trig Inverses
	
	

	
	


[bookmark: _Toc127131379]Proof of Inverse Tangent
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the secant term

Substitute  and  for their original values, and simplify

[bookmark: _Toc127131380]Proof of Inverse Cotangent
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the cosecant term

Substitute  and  for their original values, and simplify

[bookmark: _Toc127131381]Proof of Inverse Secant
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the tangent term, then factor terms into the radicand

Substitute  and  for their original values, and simplify

[bookmark: _Toc127131382]Proof of Inverse Cosecant
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the cotangent term, then factor terms into the radicand

Substitute  and  for their original values, and simplify

[bookmark: _Derivative_of_Hyperbolic][bookmark: _Toc127131383][bookmark: _Toc136806061]Complex Analysis and Trigonometry
[bookmark: _Complex_Number_System][bookmark: _Toc127131384][bookmark: _Toc136806062]Complex Number System
Recall the sections on complex numbers and the complex unit circle
	Euler’s Formula
	 

	Form Equivalences
	 

	Natural Logarithms of Negatives
	 

	Natural Logarithms of Imaginaries
	 


[bookmark: _Toc127131385]Proof of Euler’s Formula
Let , then derive using the product rule, implicit exponential rule, and trig derivatives

Distribute , factor out , then cancel like terms

Since ,  is a constant. Set  to solve for .

Divide by 

Proof of Negative Natural Logarithms
Given , factor negative one from the inside term, then apply the logarithms product rule

Substitute the  using Euler’s formula for  (Euler’s identity), and apply the logarithms base inverse property

[bookmark: _Toc71878225][bookmark: _Toc119255164][bookmark: _Toc119785788]Proof of Imaginary Natural Logarithms
Given the real-polar relation, take the natural logarithm and cancel the variable

[image: ]
[bookmark: _Toc127131386][bookmark: _Toc136806063]Analytic Trig Functions
[bookmark: _Toc127131388]Proof of Tangent, Cotangent, Secant, and Cosecant
	

	


[bookmark: _Analytic_Trig_Inverses][bookmark: _Toc127131389][bookmark: _Toc136806064]Analytic Trig Inverses
[bookmark: _Toc127131390]Proof of Inverse Sine
Finding the inverse for  indicates that  within the function and 

Let , multiply by , then rearrange into quadratic form

Use the quadratic formula to determine the values of , then simplify

Substitute  for its original value, then take the natural logarithm, and divide by 

The positive square root within the function yields the inverse sine function while the negative square root does not
[bookmark: _Toc127131391]Proof of Inverse Cosine
Finding the inverse for  indicates that  within the function and 

Let , multiply by , then rearrange into quadratic form

Use the quadratic formula to determine the values of , then simplify

Substitute  for its original value, then take the natural logarithm, and divide by 

The positive square root within the function yields the inverse cosine function while the negative square root does not
[bookmark: _Toc127131392]Proof of Inverse Tangent
Finding the inverse for  indicates that  within the function and 

Let , multiply by the denominator, then expand

Combine like terms, multiply by , then factor 

Isolate , take the natural logarithm, substitute  for its original value, then distribute the exponent

Apply the logarithms base inverse property, and divide by 

[bookmark: _Toc127131393]Proof of Inverse Cotangent
Finding the inverse for  indicates that  within the function and 

Let , multiply by the denominator, then expand

Combine like terms, multiply by , then factor 

Isolate , multiply by , take the natural logarithm, substitute  for its original value, then distribute the exponent

Apply the logarithms base inverse property, and divide by 

Proof of Inverse Secant
Finding the inverse for  indicates that  within the function and 

Let , multiply by , then rearrange into quadratic form

Use the quadratic formula to determine the values of , then simplify

Substitute  for its original value, then take the natural logarithm, and divide by 

The positive square root within the function yields the inverse sine function while the negative square root does not
Proof of Inverse Cosecant
Finding the inverse for  indicates that  within the function and 

Let , multiply by , then rearrange into quadratic form

Use the quadratic formula to determine the values of , then simplify

Substitute  for its original value, then take the natural logarithm, and divide by 

The positive square root within the function yields the inverse sine function while the negative square root does not
[bookmark: _Toc127131394][bookmark: _Toc136806065]Hyperbolic Trigonometry
[bookmark: _Definition_and_Basics][bookmark: _Toc136806066]Definition and Basics
	

	


	

	


[bookmark: _Toc71878046][bookmark: _Toc119255168][bookmark: _Toc119785792]Even/Odd Identities
	
	
	

	
	
	


Cofunctions
	
	
	


Inverse Cofunctions
	
	
	



[bookmark: _Toc136806069]Hyperbolic Derivatives
Proof of Tangent
Write in terms of h sine and h cosine, then use the quotient rule, simplify, and substitute the right angle identity

Proof of Cotangent
Write in terms of h sine and h cosine, then use the quotient rule, simplify, and substitute the right angle identity

Proof of Secant
Rewrite in cosine form, use the quotient rule, simplify, and substitute the cofunctions

Proof of Cosecant
Rewrite in sine form, use the quotient rule, simplify, and substitute the cofunctions

[bookmark: _Toc136806070]Hyperbolic Inverses Derivatives
	
	
	

	
	
	





Proof of Sine
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the cosine term. Because of the range of ,  the square root is positive.

Substitute  and  for their original values, and simplify

Proof of Cosine
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the sine term. Because of the range of ,  the square root is positive.

Substitute  and  for their original values, and simplify

Proof of Tangent
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the secant term

Substitute  and  for their original values, and simplify

Proof of Cotangent
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the cosecant term

Substitute  and  for their original values, and simplify

Proof of Secant
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the tangent term, then factor terms into the radicand

Substitute  and  for their original values, and simplify

Proof of Cosecant
Let  so that , then differentiate the second equality

Use the chain rule on the left, then simplify on the right, and divide by 

Substitute the right angle identity for the cotangent term, then factor terms into the radicand

Substitute  and  for their original values, and simplify


[bookmark: _Toc136806071]"Euler’s Real Formula"

Proof
Let , then derive using the product rule and implicit exponential rule

Distribute , , factor out , then cancel like terms

Since ,  is a constant. Set  to solve for .

Divide by 

[bookmark: _Toc136806072]Analytic Hyperbolic Functions
	
	
	

	
	
	


Proof of Sine and Cosine
Given "Euler's real formula," add to it the negative version of itself, cancel like terms, then divide by 2 for hyperbolic cosine

Subtract from "Euler's real formula" the negative version of itself, cancel like terms, then divide by 2 for hyperbolic sine

Proof of Tangent, Cotangent, Secant, and Cosecant
	
	

	
	


[bookmark: _Toc136806073]Analytic Hyperbolic Inverses
	
	

	
	

	
	


Proof of Sine
Finding the inverse for  indicates that  within the function and 

Let , multiply by , then rearrange into quadratic form

Use the quadratic formula to determine the values of , then simplify

Substitute  for its original value, and take the natural logarithm

The positive square root within the function yields the inverse sine function while the negative square root does not
Proof of Cosine
Finding the inverse for  indicates that  within the function and 

Let , multiply by , then rearrange into quadratic form

Use the quadratic formula to determine the values of , then simplify

Substitute  for its original value, and take the natural logarithm

The positive square root within the function yields the inverse cosine function while the negative square root does not
Proof of Tangent
Finding the inverse for  indicates that  within the function and 

Let , multiply by the denominator, then expand

Combine like terms, multiply by , then factor 

Isolate , take the natural logarithm, substitute  for its original value, then distribute the exponent

Apply the logarithms base inverse property, and divide by 

Proof of Cotangent
Finding the inverse for  indicates that  within the function and 

Let , multiply by the denominator, then expand

Combine like terms, multiply by , then factor 

Isolate , take the natural logarithm, substitute  for its original value, then distribute the exponent

Apply the logarithms base inverse property, and divide by 

Proof of Secant
Finding the inverse for  indicates that  within the function and 

Let , multiply by , then rearrange into quadratic form

Use the quadratic formula to determine the values of , then simplify

Substitute  for its original value, and take the natural logarithm

The positive square root within the function yields the inverse sine function while the negative square root does not
Proof of Cosecant
Finding the inverse for  indicates that  within the function and 

Let , multiply by , then rearrange into quadratic form

Use the quadratic formula to determine the values of , then simplify

Substitute  for its original value, and take the natural logarithm

The positive square root within the function yields the inverse sine function while the negative square root does not




[bookmark: _Toc136806074][bookmark: _Toc405458206][bookmark: _Toc403667208]Series and Integration
[bookmark: _Toc71878194]Series Definition
Series are a means of summation for any given function over constant intervals called partitions at a selected change in variable. The summation of functions with infinitely small partitions is what lead to evaluating an integral of a function as the area between a function and its axis.
[image: http://ltcconline.net/greenl/courses/107/Series/inttes1.gif]
[bookmark: _Toc71878198]Boundary Properties of Power Series
	Odd Power
	Even Power

	
	


[bookmark: _Toc71878199]Basic Power Series
	
	
	


[bookmark: _Toc71878200]
[image: ]

Finite Geometric Series

The sum of the firstterms of a series where is the first term and is the common ratio.
Proof
The series expands to

Multiply by the ratio

Subtract the ratio-multiplied equation from the original series

Factor

Solve the series

[bookmark: _Toc71878201]Infinite Geometric Series

· If , the series converges.
· If , the series diverges.
[bookmark: _Binomial_Coefficients_as][bookmark: _Toc71878202]Binomial Theorem (Summation)

[bookmark: _Toc71878203]Sine Series

[bookmark: _Toc71878204]Cosine Series

[bookmark: _Toc71878205]Product Constant Multiplier Rule

[bookmark: _Right_Angle_Theorem_2][bookmark: _LINEAR_EQUATIONS][bookmark: _Midpoint_Formula][bookmark: _EXPONENTS_AND_FACTORING][bookmark: _Definition][bookmark: _Logarithm_Inverse_Properties_1][bookmark: _Base_Rule][bookmark: _Inverse_Properties][bookmark: _Logarithm_Product_Rule_1][bookmark: _Special_Limits][bookmark: _Cosine_Limit][bookmark: _Derivative_Function][bookmark: _Toc71878152]Integration Definition
[image: ]Integration is the reverse process of deriving, using a rate of change to find it's function. Without defined bounds, a variable constant is added yielding the general solution. It is often used to find area in a graph between a function and its axis of time.
[bookmark: _Toc71878153]Riemann Sum

Whereis the type of sum, andis the interval, such that
	Left Riemann sum
	Middle Riemann sum
	Right Riemann sum

	
	
	


When the change in intervals becomes infinitesimal, the series yields the Riemann integral.
[bookmark: _Toc71878154]Riemann Integral

[bookmark: _Toc71878155]Fundamental Theorem of Calculus

[bookmark: _Toc71878156]Boundary Properties
	Odd Function
	Even Function
	No Direction
	Negative Direction

	
	
	
	


[bookmark: _Split_Integral][bookmark: _Additive_Property][bookmark: _Toc71878157]Additive Property

[bookmark: _Toc71878158]Sum and Difference Rules

[bookmark: _Toc71878159]Area Function

[bookmark: _Toc71878160]Total Area Function

For negative areas, the integral must be split to be solved. This yields the complete area.
[bookmark: _Toc71878162]Mean Value Theorem for Integration

There is at least one point c in f whereis the slope of a secant line parallel to the tangent line.
[bookmark: _Integral_of_a][bookmark: _Toc71878163]Int. of Composite Func. (Substitution Rule)

Proof
Using the chain rule, setand. The bounds carry with the inner function.
[bookmark: _Integration_by_Parts][bookmark: _Toc71878165]Int. of a Derivative over It's Func
When  (with a derivative of 1), it follows that 
[bookmark: _Toc71878166]Integral of Exponential Functions

When using base of the natural number, it follows that .
[bookmark: _Toc71878168]Integral of Sine

Proof
Rewrite the resulting function as a derivative and apply the constant multiple rule

Define components of the chain rule, derive and simplify.
	
	
	
	



Rewrite to express in integral form.
[bookmark: _Toc71878169]Integral of Cosine

[bookmark: _Toc71878170]Integral of Tangent

[bookmark: _Toc71878171]Integral of Cotangent

[bookmark: _Toc71878172]Integral of Secant

Proof
Multiply the following specific term over itself equal to one

Substitute the variable such that

Integrate the variable raised to –1.

[bookmark: _Toc71878173]Integral of Cosecant

Proof
Multiply the following specific term over itself equal to one

Substitute the variable  such that 

Integrate the variable raised to –1.

[bookmark: _Toc71878174]Integral of Sine Squared

Proof
Substitute with the cosine squared identity, apply the constant multiple rule and split the integral.

Define components of substitution as  and  so that  and integrate.

Substitute u for its original expression.
[bookmark: _Toc71878175]Integral of Cosine Squared

Proof
Substitute with the cosine squared identity, apply the constant multiple rule and split the integral.

Define components of substitution as  and  so that  and integrate.

Substitute u for its original expression.
[bookmark: _Toc71878180]Reduction of Sine Powers

[bookmark: _Toc71878181]Reduction of Cosine Powers

Proof
Expand the term

Integrate using parts
	
	
	
	



Extract the multiplier from the integrand and substitute the right angle identity

Distribute inside the integrand, collecting the cosine terms to obtain 

Rearrange to solve the equation using  and divide by n.

[bookmark: _Toc71878182]Reduction of Tangent Powers

[bookmark: _Toc71878183]Reduction of Secant Powers

[bookmark: _Toc71878184]Reduction of Cosecant Powers

[bookmark: _Toc71878185]Integral of Inverse Sine

[bookmark: _Toc71878186]Integral of Inverse Cosine

[bookmark: _Toc71878187]Integral of Inverse Tangent

[bookmark: _Toc71878188]Integral of Inverse Secant

[bookmark: _Toc71878189]Integral yielding Inverse Sine

[bookmark: _Toc71878190]Integral Yielding Inverse Tangent

[bookmark: _Toc71878191]Integral Yielding Inverse Secant

[bookmark: _Toc71878192]Arc Length


[image: ]

[bookmark: _Toc71878229]Complex Integration

is complex and is separated into real functions, and, with as a constant multiplier.
[bookmark: _Toc71878230]Convolution
The area of overlap of two complex functions is defined as:

[image: ]

[bookmark: _Toc71878047][bookmark: _Toc405458208]MATRICES AND VECTORS
[bookmark: _Toc71878048]Definition
A matrix is a system of intersecting linear equations displaying only coefficients, with each row being one equation and each column being one variable. It is important to note that matrices associate, and constant multipliers to them distribute. This section covers  and .

[bookmark: _Toc71878049]Notation
· For this section all matrices will be written A, with another operand matrix B, and a result C.
· Matrices have i number of rows and j number or columns, elements of which are written .
· Determinants are denoted as  to avoid confusion in the other common form .
· A matrix is said to be square if its number of rows are equal to its number of columns.
[bookmark: _Identity_Matrix_2][bookmark: _Toc71878050]Identity Matrix
A square matrix with range values of 1, which is a multiplicative inverse identity .

[bookmark: _Scalar_in_Matrix][bookmark: _Toc71878051]Scalar in Matrix Form
A scalar a is a multiple of 1 such that the square matrix equivalent of a would be a∙I.
Example
	Scalar Form
	
	Matrix (3x3) Form
	


[bookmark: _Matrix_Addition_and][bookmark: _Toc71878052]Matrix Addition and Subtraction
A may be added to B if they have the same dimensions. They commute and associate.

[bookmark: _Toc71878053]Scalar Addition and Subtraction
For square matrices, a scalar value may be converted and then added to a matrix.

[bookmark: _Matrix_Product][bookmark: _Toc71878054]Scalar Distribution

[bookmark: _Toc71878055]Matrix Product
. This applies to all dimensions by the following pattern and does not commute.

[bookmark: _Identity_Matrix_1][bookmark: _Determinant_of_a]Determinant of a 3x3 Matrix
The 3x3 determinant uses a special method involving 2x2 determinants called minors.

[bookmark: _Toc71878057]Cramer’s Rule
Solve variables of equations by switching solutions and coefficients to manipulate determinants.
Setup for Joined Matrices
	
	


Solutions for a 2x2 Matrix
	
	
	
	
	


Solutions for a 3x3 Matrix
	 
	 
	 

	 
	
	
	


[bookmark: _Toc71878058]Inverse of a Matrix
Properties
· Inverse matrices are the result of square matrices only.
· Inverse matrices only exist when .
· Inverse matrices must have determinants that are also inversed; .
· , , …
Inverse of a 2x2 Matrix

Inverse of a 3x3 Matrix

Proof of 2x2 Inverse by Standard Inversion
Join A with I in the form  to obtain . Note that .

Redefine row 1 by multiplying row 1 by .

Redefine row 2 by multiplying row 1 by , then subtracting it from row 2.

Redefine row 2 by multiplying row 2 by .

Redefine row 1 by multiplying row 2 by , then subtracting it from row 1, and expand.

The second of the joined matrices is now the inverse of A as the first is now an identity matrix.
[bookmark: _Identity_Matrix][bookmark: _Toc71878059]Transpose Matrix
The transpose of a matrix M is a matrix whose rows and columns have been interchanged.
   provided   
[bookmark: _Toc71878226]Complex Conjugate Matrix

A complex conjugated matrix transposed is called a conjugate transpose represented as .
[bookmark: _Toc71878227]Hermitian Matrix
A normal and square matrix equal to its conjugate transpose, meaning , often denoted H.
Properties
· The sum of a matrix with its conjugate transpose is Hermitian: 
· A matrix is skew-Hermitian if 
· The difference of a matrix with its conjugate transpose is skew-Hermitian: 
· , so the trace must be real: 
[bookmark: _Toc71878228]Unitary Matrix
A normal, square matrix that when multiplied by its conjugate transpose is equal to the identity.

Properties
· The determinate is always 1; 
· The general expression: 
[bookmark: _Toc71878061]Vector Definition
A vector can be thought of as a line that carries one point to another point. All vectors have a magnitude and direction. If the magnitude is zero, then the vector points in all directions.
[bookmark: _Toc71878062]Magnitude of a Vector
Given points P and Q, the length of is the distance between P and Q.

Magnitude of a Position Vector
It follows that if a vector’s initial position is at some origin, then

[bookmark: _Toc71878063]Unit Vector
A vector  with a length of 1 parallel to vector  is its unit vector.

[bookmark: _Toc71878064]Components of 2-Dimensional Vector
Using trigonometry, vector components at an origin ofcan be computed using:

[bookmark: _Toc71878065]Vector Addition and Subtraction

[bookmark: _Toc71878066]Distribution Property

[bookmark: _Toc71878067]Scalar (or Dot) Product

Magnitude of One Vector

Angle between vectors  with Both Definitions

Proof of second definition
[image: ]
Evaluate the magnitude of side  by using dot product to itself and expand the result.

Substitute using the law of cosines to determine .

Cancel like terms and divide by –2.

[bookmark: _Toc71878068]Dot Products of Coordinate U Vectors
	
	


[bookmark: _Toc71878069]Dot Product Geometry
	 if 
	 if 


[bookmark: _Toc71878070]Orthogonal Projection
The orthogonal projection of onto

The scalar component of in the direction ofis

Substituting the scalar component into the projection leads to another computation

[bookmark: _Toc71878076]Cross Product 
Given vectors and,

[bookmark: _Toc71878072]Cross Product Rule


[bookmark: _Toc71878073]Cross Prods of Coordinate U Vectors
	
	

	
	


[bookmark: _Toc71878074]Cross Product Geometry
 if 
If  and  are two sides of a parallelogram, then the area is .
[bookmark: _Toc71878075]Cross Product Distribution
	
	

	
	


[bookmark: _Toc71878077]Triple Product


[bookmark: _Toc71878206]Multivariable and Vector Calculus
[bookmark: _Complex_Conjugation_1][bookmark: _Complex_Conjugation_2][bookmark: _Euler’s_Formula_2_1][bookmark: _Euler’s_Formula][bookmark: _Right_Angle_Identities_1][bookmark: _Double_Angle_Identities_1]1. Basic & Analytic 3D Geometry
	Lines - Include linear algebra
	Polyhedra
	Quadrics


Polyhedra
Include the plastic constant
Convex Regular Polyhedra
Symmetrical flat-faced polyhedra with regular polygonal faces and congruence in all angles. There are five.
	

	Perimeter
	Volume

	
	
	



Look up Catalan solids to go with this for rhombic faces - dodecahedron and triacontahedron 
As long as each face is congruent and it can be described with the volume formula 


[bookmark: _Toc123938473]Quadrics Basic Properties
	Object
	Graph
	Surface Area
	Volume
	Standard Equation

	Circular
Cone
	[image: ]
	
	
	

	Elliptic
Cone
	
	
	
	

	Circular
Cylinder
	[image: C:\Users\tf-acct-17\Desktop\right-circular-cylinder.jpg]
	
	
	

	Elliptic
Cylinder
	
	
	
	

	Parabolic
Cylinder
	
	
	
	

	Hyperbolic
Cylinder
	
	
	
	

	Sphere
	

	
	
	

	Ellipsoid
	
	
	
	

	Circular
Paraboloid
	
	
	
	

	Elliptic
Paraboloid
	
	
	
	

	Hyperbolic
Paraboloid
	
	
	
	

	Circular
Hyperboloid
	(of rev.)
Both connecting
and not
	
	
	

	Elliptic
Hyperboloid
	
	
	
	

	Hyperbolic
Hyperboloid
	
	
	
	





[bookmark: _Toc123938469]Series and Integration or Analytic Geometry?
Include objects of revolution, i.e. Torus and toroids
	Object
	Graph
	Surface Area
	Volume
	Standard Equation

	Torus
	[image: https://www.webassign.net/scalcet7/6-2-061.gif]
	
	
	






[bookmark: _Toc71878207]Limits of a Vector-Valued Function


[bookmark: _Toc71878208]Equation of a Line
A line passing through in the direction of theis, or

[bookmark: _Toc71878209]Partial Derivatives
The partial derivatives of a function are the derivatives of corresponding variables and directions.

[bookmark: _Toc71878210]Chain Rule (Two Independent Variables)

[bookmark: _Toc71878211]Gradient
 where f, g, and h are differentiable

[bookmark: _Toc71878212]Divergence

[bookmark: _Toc71878213]Curl
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