Math 291 Spring 2006: Formulas for the Final Exam

Distance between (zo, yo, 20) and (z1,y1, 21) is: /(2o — 21)2 + (yo — v1)2 + (20 — 21)2.

i . |axy + by +cz +d
Distance between (z1,¥1,21) and ax + by + cz +d = 0 is: axy Y1 1 !

A line with direction v through a point ry is given by: r(t) = ro + tv.
a-b =|al|lblcos(f) and |a x b|=|a||b|sin(f)
axb=-bxa, a-(bxc)=(axb)-c, and ax(bxc)=(a-c)b—(a-b)c
The area of a parallelogram spanned by a and b is |a x b|.
The volume of a parallelepiped spanned by a, b, and ¢ is |a- (b x c)].
a-b a-b

comp, (b) = Tal and  proj,(b) = Al

The linearization of (equation of the tangent plane to) z = f(x,y) at (xo, yo, f(x0, ¥0)):
z = f(zo,y0) + fo(z0,Y0)(® — x0) + fy (0, %0) (Y — Yo)-

If 2 = f(z1,29,...,2,), then dz = f, dxy + fr,dxe + -+ + [y, dp,.

The tangent plane to F(z,y,z) = K at (a,b,¢) is: VF(a,b,¢)-{(x —a,y — b,z — ¢) = 0.

Vf(x,y,z) = <fx(xvy7z)v fy(w,y,z), fz(xvyvz» and Duf(x7ya Z) = Vf(x,y, Z) “u.

d F,
If y = f(z) is given implicitly by F(x,y) = K, then A
dx F,

0 F, 0 F,

If z = f(x,y) is given implicitly by F(z,y, z) = K, then % T ad =y

T =g NO=mgr BO=TOxNE

|
T'(t) = k(t)s'(t)N(t) N'(t) = —r(t)s'(t)T()+7(t)s'(t)B(t) B'(t) = —7(t)s'(t)N(¢t)

=]

_dT _[T'(8)] _ |r'(t) x " (2)] VN B £ ()]
K(t) = P (0] MOE For the curve y = f(z): r(z) = AF () B
ap = M ay = ’I"(t) X I'H(t)| T(t) _ (I',<t) > I'”(t)) ,r///(t>

[x'(2)] ' (t)] [e'(2) < e (¢)[?

For z = f(z,y), define: D(a,b) = fiigzz Z; ;’;iég:gg = fur(a,0) fyy(a,b) — fuy(a,b)?.

Let (a,b) be a critical point for z = f(a,b). Then,
e If D(a,b) >0 and f,.(a,b) > 0, then z = f(z,y) has a relative minimum at (a, b).
o If D(a,b) >0 and f,,(a,b) <0, then z = f(x,y) has a relative maximum at (a, b).
o If D(a,b) <0, then z = f(x,y) has a saddle point at (a,b).
Suppose that a large object of mass M is located at the origin and an object of mass m
is located at the point (x,y,z). Then the gravatational force of M on m is F(z,y,z2) =

_7;%272 (x,y,z) where G is the gravatational constant.
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CENTER OF MASS - 3 DIMENSIONS

1
mass = m = /// p(x,y,z)dV (Z,9,2) = (MyZ,MxZ,M v)
E
Myzz///xp(x,y,z)dv, Mm:///yp(x,y,z)dv, Mxy:///zp(x,y,z)d\/
E E E
1
CENTER OF MASS - A WIRE IN THE PLANE (z,9) = —(M,, M,)
m

mass:m:/p(x,y)d& MyZ/xp(x,y)ds, sz/yp(w,y)ds
C C C

POLAR: z =rcos(f), y=rsin(d), dA =rdrdd
CYLINDRICAL: z =rcos(f), y=rsin(f), z =z, dV =rdrdfdz

SPHERICAL: x = psin(¢)cos(d), y = psin(@)sin(), z = pcos(¢), dV = p*sin(¢)dpdfde

CHANGE OF VARIABLES: // Flz,y) da dy = // f(z(u,v),y(u,v)) 'OEUZU;
z)

// Fay, 2 dxdydz—///f 2, v, w) (uvw)z(uvw))'((uvw)

ds = |r'(t)|dt dr = 2'(t)dt /F dr—/F T ds

GREEN’S THEOREM: / Pdx+Qdy = // 9@ _oF dA = // curl(F) -kdA
c p\O0xr Oy
z 2 0z
SURFACE AREA: A(S) = / lr, X r,|dA A(S) = // 1 + — | + (8_) dA
D Y
SURFACE INTEGRALS: //F~nd5 = //F dS = // (ry xr,)dA
S

du dv

du dv dw

= ruxry7 dS = (r, x r,)dA, dS = |r, X r,|dA
v, X 1,
If the surface is the graph of z = g(z,y) then, // F.dS = // < P— QY 4 R) dA
dy
STOKES’: /F -dr = // curl F - dS DIVERGENCE: //F -dS = /// divF dV
C s s E
If a = (a1,as,...,a,), then dx;(a) = a,. dx;, (ar) dxg, (ag) -+ dx;, (ag)
dXZ‘ a dXZ‘ a cee dXi a
dXil A d}(i2 ANEEIVAN dXZk (81’ ag, ... ,ak;) = det 2,( 1) 2.( 2) 2.( k)
EXTERIOR DERIVATIVE: dx; (a1) dxg(a2) -+ dxg(an)

If fis a O-form, then df = %dzl + - %dwn'

Ifw=>"fi, idzy A--- ANdx;, is a k-form, then dw = > (df;, i) Ndxy A - Ndxy,.
WEDGE PRODUCT:

fw=> fi idry N--- ANdwx;, is a k-form and n =) g;,.;dxj, A--- Adxj, is an [-form,

thenw An=>>" fii inGir..idxiy N+ Ndz;, Ndxj, A\--- ANdxj, is a (k + [)-form.

GEN. STOKES’ THEOREM: / dw = / w where M is a k-manifold and w is a (k—1)-form.
oM



