MATH 259 ALL FORMULAS MAy, 2019

Basics: a= (a1, az,as) b = (b1, ba, b3) la| = /a2 + a3 + a3

-b ‘b
Dot products: proj,a = (la)Lb> b comppa = a|T| a-b = a1b; + asbs + asbs = |a| [b| cos b
i j k
Cross products: |a x b|=a||b|sinf axb=|a; az a3 a x b = (agbs — agba, azby — a1b3, a1ba — azby)
b1 by b3
Applications: W=F-d T=rxF Length: L = f; |r/(t)] dt
: r'(t) T'(t)
Unit vectors: T(t) = N(t) = B(t) = T(t) x N(t)
' (2)] T ()]

Gradient vector of F'(z,y, z):

VF(z,y,z2) = (Fe(2,y,2), Fy(z,y, 2), F(2,y, 2))

Directional derivative of f(x,y) in the direction of unit vector u at (a,b):

Duf(a’ b) = Vf(a, b) “u

The plane tangent to F(z,y,z) = k at the point (a,b, c):

VF(a,b,c) - (xr—a,y—bz—c)=0

The plane tangent to z = f(z,y) at (a,b) (linearization of f):

z = fz(a,b)(x — a) + fy(a,b)(y = b) + f(a,b)

Differential of z = f(z,y) at (a,b):

Az = dz = fz(a,b)dx + fy(a,b)dy

Second derivative test for a critical point (a,b) of f(z,y): D(a,b) = fuz(a,b) fyy(a,b) — [fuy(a,b)]*.
If D> 0 and fz(a,b) > 0, then f(a,b) is a local minimum,;
If D> 0 and fz(a,b) <0, then f(a,b) is a local maximum,;
If D <0, then (a,b) is a saddle point;

If D =0, then the test is inconclusive.



Applications Translations Differentials
A= [[pdA Rectangular — Cylindrical | Rectangular — Spherical || dV = ...
V= [[sf(z,y) dA x = rcosf x = psinpcosf dx dy dz
V:ffdeV y =rsinf y = psinpsinf r dz dr df
m= [[[q flz,y,2) dV || z =2 2z = pcosy p?sing dp do db
22 4% = 2 22 412 4 2% = p?
Definitions
Curl (3-d): curlF:VxF:<ngL—gg,g—gz,gg—%>
Curl (2-d): curlF = % — gg
Divergence (3-d): divF =V -F = % + gz + %
Divergence (2-d): divF =V -F = gi + gz




Theorems

Green’s (general): 7{ Pdzr + Qdy = // 0Q _ Oj
Green’s (circulation): 7{ F .dr / -z _ZL
y

Green’s (flux): j{F nds = // 6f 89 dA

Stokes’: ]{F-dr:/ (VxF)-ndS
S

Divergence: //F-ndS—///V-FdV
S D

Test for conservative v.f.: F is conservative if and only if curlF = 0

Fundamental theorem of line integrals: if F is conservative, then [, F -dr = ¢(B) — ¢p(A)

Line integrals

Scalar: /f ds —/ f(r ’dt

b
Circulation/work: / F.dr = / fdx + gdy = / F(r(t))-r'(t) dt
C C a

b
Flux: /C Fonds— /C Fdy — gd = / [F )y (1) — g(x(e)'(1)] dt

Surface integrals

Scalar: / /S fds = / /R £, 0)) [t % b] dA

Scalar for = — 2(x, y): //de—// Py, = y)y [+ 22+ 1 dA
Flux: //F n ds = / (b x ) dA

Flux for z = 2(z,3): //SF.ndsz//RF-<—zx,—zy,1> aA




