List of formulas for the Final Exam, SM223, Fall
2020

o Equation of a sphere with center C'(h, k,1) and radius r
(x—h)2+(y—k)?>+(z-0%=r%
o If 0 is the angle between the vectors a and b, then
a-b =|a||b|cosb

e« The direction cosines of the the vector a:

cosa = cosff = —

ai
la|’
e Scalar projection of b onto a:

comp,b = ——

e Vector projection of b onto a

. a-
proj,b = Wa

e The work done by a constant force F along the displacement vector D is

F.-D.

e a = (aj,az,a3) and b = (by, by, bs), then the cross product of a and b
is the vector

i j k
axb=|a ay a3
by by b3

o If v is a vector parallel to L and let rg is the position vector of Py, the
vector equation of the line L through P is

r =rqg+1v,

where t is the parameter.



The parametric equations of a line:

r = xg+at
= yo+0bt
z = zg+ct

A plane is determined by a point Py(xq,yo, 20) in the plane and a vector
n that is orthogonal to the plane.

n-r=n-ry

The scalar equation of the plane through Py(xg,yo,20) with normal
vector n = (a,b,c) is

alx — x0) + by — yo) + ¢(z — zp) = 0.
The linear equation of a plane

ar+by+cz+d=0

The unit tangent vector for a vector function r(t) at ¢ is

The length of a space curve r(t) = (f(t), g(t), h(t)) is

b
L= [\ @rslg@F + o

Let r(t) be a space curve. The velocity vector v(t) at time ¢ is

v(t) = lim W — ().

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

An equation of the tangent plane to the surface z = f(z,y) at the point
P (20,90, 20) is

zZ— 2= fz(iro, yo)(l’ - 360) + fy(fﬂo,yo)(y - yo)

The linear function whose graph is this tangent plane

L(z,y) = f(a,b) + fu(a,b)(z — a) + fy(a,b)(y — D)

is called the linearization of f at (a,b)



e The approximation

f(@,y) = f(a,b) + fula,b)(x — a) + fy(a,b)(y — b)

is called the linear approximation or the tangent plane approxima-
tion of f at (a,b).

e Chain Rule, case 1: Suppose that z = f(z,y) is a differentiable function
of x and y, where = ¢(t) and y = h(t) are both differentiable functions
of t. Then z is a differentiable function of ¢ and

= _ofde  0f dy
dt oz dt Oy dt’

o Chain Rule, case 2: Suppose that z = f(z,y) is a differentiable function
of x and y, where = g(s,t) and y = h(s,t) are differentiable functions
of s and t. Then

0z  0z0x 020y
9s  0xos  oyos
dz  0z0x  0z0y
o~ owor oyor

o If f is a function of two variables z and y, then the gradient of f is the
vector function V f defined by

Vi(x,y) = (fo(z,9), fy(z,y)) = %H %j.

¢ The tangent plane to the level surface F(x,y, z) = k at P(xo,yo, 20)
is the plane that passes through P and has normal vector V F(xg, yo, 20)-

e The normal line to S at P is the line passing through P and perpendic-
ular to the tangent plane.

e Second Derivative Test: Suppose the second partial derivatives of f
are continuous on a disk with center (a,b), and suppose that f.(a,b) =0
and fy(a,b) =0. Let

ffL’CL‘ fz
D = Yy
fya: fyy
1. If D > 0 and fyg(a,b) > 0, then f(a,b) is a local minimum.
2. If D >0 and f;z(a,b) <0, then f(a,b) is a local maximum.

3. If D < 0, then f(a,b) is not a local maximum or minimum. In this
case the point (a,b) is called a saddle point of f.

= Joafyy — (fmy)Q-

e Method of Lagrange Multipliers: To find the maximum and minimum
values of f(x,y, z) subject to the constraint g(zx,y, z) = k:



1. Find all values of x,y, z, and A such that

2. Evaluate f at all the points (x,y, z) that result from step 1.

— The largest of these values is the maximum value of f.
— The smallest is the minimum value of f.

Midpoint Rule:

//Rf(x,y)dA ~ izn:f(fi,?j)AA,

i=1 j=1
where 7; is the midpoint of [z;_1,7;] and F; is the midpoint of [y;_1,y;].

Integral using polar coordinates: If the polar rectangle R is given by
0<a<r<b a<<pg, where 0 < — «a < 2w, then

//Rf(l’,y)dA = /f /ab f(rcos@,rsin@)rdrdd.

The total mass m of the lamina equals

m://Dp(x,y)dA.

The moment of the entire lamina about the x-axis is:

M, ://Dyp(%y)dA-

The moment of the entire lamina about the y-axis is:

M, = //D 2p(z, y)dA.

The coordinates (Z,7) of the center of the mass of a lamina are)

M, ffD xp(x,y)dA

e T
g = M:_ Mpypl@.y)dd
m ffD p(z,y)dA "



