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Projections and distances proj,B = (ﬂ) A d= M d=|PS- I
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Arc length, frenet formulas, and tangential and normal acceleration components
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The Second Derivative Test
Suppose f(x,y) and its first and second partial derivatives are continuous in a disk centered at (a,b), and fz(a,b) = fy(a,b) = 0.
Let D = fzzfyy - szy
1. If D > 0 and f2 < 0 at (a,b), then f has a local maximum at (a, b).
2. If D >0 and fzz > 0 at (a,b), then f has a local minimum at (a,b).
3. If D <0 at (a,b), then f has a saddle point at (a,b).
4. If D =0 at (a,b), then the test is inconclusive.
Directional derivative, discriminant, and Lagrange multipliers
d
T —(wpu oo = (o) Vf=AVg g=0
Taylor’s formula (at the point (zo,yo))
flxy) = flzo,y)+ [(95 — 20) fo (20, 0) + (y — yo)fy(a:(),yo)}
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+3(x — 0)(y — ¥0)* fryy (T0, y0) + (y — yO)Sfyyy(u’UmyO)} +-
Linear approximation error
M 2
B,y < 51 (I —wol +1y—wol)’,  where max {|fual, | fuul: [funl} < M
Polar coordinates x =rcosf y =rsinf r? =2 442 dA = dxdy = rdrdf
Cylindrical and spherical coordinates
Cylindrical to Rectangular | Spherical to Cylindrical | Spherical to Rectangular
x =rcosf r = psin ¢ x = psin ¢ cosf
y =rsinf zZ = pcos¢ y = psin ¢sin 0
2=z 0=460 zZ = pcos¢
dV =dxdydz =dzrdfdr = p2 sin ¢ dp d¢p df
Substitutions in multiple integrals
/Rf(ac,y) dedy = //Gf(ac(u,v),y(u,v)) ‘J(u,v)| dudv  where J(u,v) = %% — %g—z
Mass, moments, and center of mass Mass M = // 6dA
R
Moments M, = // yodA M, = // xddA Center of mass z=M,/M §=M,/M

Green’s Theorem in a (z-y) plane (The curve C is traversed counterclockwise.)

firrme [ [ (5-5)
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Circulation

Outward Flux

Surface area of level surface g(z,y,2) = ¢

Vg - p\
Stoke’s Theorem

Divergence Theorem of Gauss



