Parametric:
Slope ‘m’:

Math 53 Cheat Sheet

Tangent Line at (x0, y0):
(y-y1) = m(x-x1)

Jeff Nash, ‘17

Polar:

To find r and θ from x and y:
Area (integral): Arc Length:

Tangent line:

Surface Area:
Area (integral): Arc Length:

3D Coordinates:

Distance |P1P2| between P1(x1, y1, z1) and P2(x2, y2, z2):

An equation of a sphere with center C(h, k, l) and radius r:

Vectors:

Cross Product:

If a = <a1, a2, a3> and b = <b1, b2, b3>, the cross product is:

(area of a parallelogram)

Dot Product:

If a = <a1, a2, a3> and b = <b1, b2, b3>, the dot product is:

Direction Angles:

If θ is the angle between a and b:
The vector a x b is orthogonal to both a and b
and
Two nonzero vectors a and b are parallel if and only if
axb=0

The volume of the parallelepiped determined by the
vectors a, b, and c is the magnitude of their scalar triple
product:

Equations of lines and planes:
Vector equation of a line:
Parametric Equations:

Line segment from r0 to r1:
Linear equation of a plane:
a(x-x0) + b(y-y0) + c(z-z0) = 0

Eliminate ‘t’ to get:

Distance ‘D’ between P1(x1, y1, z1)
and plane ax + by + cz + d = 0:

Normal vectors of two points in a plane:
If both a and b lie in the plane, their cross
product a x b is orthogonal to the plane
and can be taken as the normal vector.

Quadric Surfaces:

Vector-valued functions:

Limit (limit of components):

Component functions:

Derivative (derivative of components):
Suppose u and v are differentiable vector functions, c is a scalar, and f is a real-valued function.
Then...

Integral(integral of components):

Arc length:

If r(t)=<f(t), g(t), h(t)>:

Functions of several variables:
Function of n variables:

Level curves:

The level curves of a function f of two variables are the curves
with equations f(x, y)= k, where k is a constant (in the range of f ).

Limits and continuity:
Showing a limit does not exist:

Continuity:

A function f of is called continuous at (a, b) if:

The limit for functions of two or three variables:

Long, tedious definition:

Partial derivatives:

Clairaut’s Theorem:

1. To find fx , regard y as a constant and differentiate f(x, y) with respect to x. If the functions fxy and fyx are both
2. To find fy , regard x as a constant and differentiate f(x, y)with respect to y. continuous on D, then fxy = fyx

Differential of f(x, y, z):

Tangent Planes:

An equation of the tangent plane to the surface
z = f(x, y) at the point P(x0, y0, z0) is:

Chain rule (case 1):

Linear approximation:

Suppose that z = f (x, y) is a differentiable
function of x and y, where x=g(t) and y=h(t)
are both differentiable functions of t.

Chain rule (case 2):

Suppose that z = f (x, y) is a differentiable function
of x and y, where x=g(s, t) and y=h(s, t)are both
differentiable functions of s and .

Implicit chain rule if z = f(x, y) = 0:

Implicit chain rule if f(x, y, z) = 0:

Directional derivatives/gradient:
Gradient:

Directional Derivative:

If f is a function of x and y and z, then the gradient
of f is the vector function Δf defined by:

If f is a differentiable function of x and y and z, then f has
a directional derivative in the direction of any unit vector
u =<a, b>:
Duf(x, y, z) =fx(x, y, z)a + fy(x, y, z)b + fz(x, y, z)c,
also defined as

Tangent Plane to a Level Surface F at P:

Maximizing Directional Derivative: F (x , y , z )(x-x )+ F (x,
Suppose f is a differentiable function of two
Normal Line:
or three variables. The maximum value of
x

the directional derivative Duf(x) is |Δf(x)|
and it occurs when u has the same direction
as the gradient vector Δf(x)
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y0, z0)(y-y0)+Fz(x0, y0, z0)(z-z0) = 0

Unit Tangent Vector:

The normal line to S at P is the line passing
through P and perpendicular to the tangent plane.

Maxima and Minima:

Second Derivative Test (to find local minima/maxima):

Absolute Minima/Maxima:

Lagrange Multipliers:

For two gradients, there is a number λ such that:

