Reference formulas and equations in Multivariable Calculus

Trigonometry and Logarithms
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Taylor Series

Taylor’s formula for a function f: R — R

Flath) = fla) + Flayh + 21 -y

n=0

Table of particular expansions (a =0, h — x)

1 oo
1. = =l4+az+2>+2°+--- (-l<z<1)
1—2 =
-1 -1 -2
2. (x+1)“:1+ax+%x2+m2—)(3a)w3+--- (-l<z<1l1)
3 il =1+z+ x + a2
' = k! 2 6
o~ (DR o 3 L s
4 = = Z - R
S Z:: 2k — 1) T T 120
o (=DF o Lo 1 4
= =1 - = 4
5. cosw 2 k)] T 5% +24x
o~ (=DF L o 3
1 1 =z — = = 1 <1
6. In(z+1) kZ:l T T - 5T +3 (—-1l<z<1)
e -1 k+1 1
7. arctanz = kZ:l EZk;)—l) w2l = g — §$3 +5x5 - (-1<z<1)

Taylor’s formula for a function f: RZ—R
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Tangent plane

Function z = f(x,y)

Equation of tangent plane through the point (a, b, f(a, b))
2 = f(@,b) + fulab)@—a) + fy(a,b)(y—b)

Level surface F(z,y,z) =C
Equation of tangent plane through the point (a, b, c)
Fy(a,b,c)(x —a) + Fy(a,b,c)(y —b) + F.(a,b,c)(z—¢c) =0

Directional derivative

The directional derivative of a function f: R?® — R at the point (a,b,c) and direction u (Ju| = 1)

Dy f(a,b,c) = fu(a,b,c) = w-Vf(abc) = u-(fa(ab ), fy(a,b,c), f-(a,b,c)).



Double Integrals
General substitution
Assume a one-to-one mapping between a region D in the zy-plane and a region D’ in the uv-plane
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Polar coordinates
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Triple Integrals

General substitution

As above assume a one-to-one mapping between points (z,y, z) in A and (u,v,w) in A’.

// f(z,y,2) dedydz = // fz(u,v,w), y(u,v,w), z(u, v, w)) ‘W‘ dudvdw,
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Spherical coordinates
x = psingcost
y = psingsind

z = p COS @

a(I,y,Z) _ 2 :
Ao i) PO

/A// f(z,y,2) dedydz = /A// f(psin¢cos b, psin ¢ sin b, p cos @) p* sin ¢ dp do df



Line Integrals
Tangent line integral
Given a parametrized curve C': r(t) = (x(t),y(t),2(t)), a <t <b and a vector field F = (P,Q,R).
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Line integral with respect to arc length

Assume a curve C as above and a function f: R?® — R.
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Green’s theorem

Given a plane, closed, positively oriented curve C' that encloses a region D and a field F = (P, Q).
0Q oP
F.dr = (— - —) dwd
frear = [] (55 - ) e
C D

Surface Integrals
General parametrized surface

S:r = ruv) = (z(u,v),y(u,v),2(u,v)), (u,v)eD.
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Function graph z = h(z,y)

S:r = (x,y,2) = (z,y,h(z,y)).
// flz,y,2)dS = // fx,y, h(z,y)) /14 hZ + h2 dedy
s D

Gauss’ theorem

Given a space region K with (closed) surface boundary S and a field F'.
n is the outer unit normal vector of the surface.

//F~nd5' = // V- Fdxdydz.
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