
Formulas for the Final Exam

a·b = |a||b| cos θ

|a × b| = |a||b| sin θ

comp
a
b =

a·b
|a|

proj
a
b =

(a·b)

(a·a)
a

a × (b × c) = (a·c)b − (a·b)c

a·(b × c) = (a × b)·c

A line with direction v passing through the
point r0: r(t) = r0 + tv

The equation of the plane tangent to z =
f(x, y) at the point (x0, y0, f(x0, y0)):

z − f(x0, y0) = fx(x0, y0)(x − x0) + fy(x0, y0)(y − y0)

The distance from the point (x1, y1, z1) to
the plane ax + by + cz + d = 0:

|ax1 + by1 + cz1 + d|√
a2 + b2 + c2

s(t) =

∫ t

a

|r′(u)| du and
ds

dt
= |r′(t)| If F (x, y, z) = K, then

∂z

∂x
= −Fx

Fz

Curvature for r(t)

κ =

∣

∣

∣

∣

dT

ds

∣

∣
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∣

=
|T′(t)|
|r′(t)| =

|r′(t) × r
′′(t)|

|r′(t)|3

Curvature for a plane curve y = f(x)

κ =
|f ′′(x)|

[1 + (f ′(x))2]
3

2

T(t) =
r
′(t)

|r′(t)| N(t) =
T

′(t)

|T′(t)| B(t) = T(t) × N(t)

D > 0 and fxx > 0 implies local minimum
D = fxxfyy − f 2

xy D > 0 and fxx < 0 implies local maximum
D < 0 implies saddle point

Cylindrical: x = r cos(θ), y = r sin(θ), z = z, dV = r drdθdz

Spherical: x = ρ sin(φ) cos(θ), y = ρ sin(φ) sin(θ), z = ρ cos(φ), dV = ρ2 sin(φ) dρdθdφ

Change of variables:

∫∫

R

f(x, y) dx dy =

∫∫

S

f(x(u, v), y(u, v))
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∂(u, v)
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du dv

ds = |r′(t)|dt, dx = x′(t)dt, dr = r
′(t)dt, dS = |ru × rv| dA =

√

1 +

(

∂z

∂x

)2

+

(

∂z

∂y

)2

dA,

dS = n dS = ±(ru × rv) dA, n = ± ru × rv

|ru × rv|
= ± ∇F

|∇F | = ± 1
√

1 + (fx)2 + (fy)2
〈fx, fy,−1〉

∫∫

S

F·dS =

∫∫

S

F·n dS =

∫∫

D

F·(ru × rv) dA =

∫∫

D

(

−P
∂f

∂x
− Q

∂f

∂y
+ R

)

dA

Green’s Theorem:

∫

C

P dx + Qdy =

∫∫

D

(

∂Q

∂x
− ∂P

∂y

)

dA

Stokes’ Theorem:

∫

C

F·dr =

∫∫

S

curlF·dS

The Divergence Theorem:

∫∫

S

F·dS =

∫∫∫

E

divF dV
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