18.02 Final Exam Formula Sheet

Exam 1

Dot product
| A||B] cos 6

A-B =
A E (a1b1 +azb2)

A

Cross product
AxB=|A||B|sinb A
Area of parallelogram is equal to half the length of the x prod

Matrix arithmetic
1. Addition (A + B)
add corresponding elements
must be same shape
2. Multiplication (AB = C)
multiply each element of row i by column j, then add
3. Inversion (A™)
A — M (minors) — C (cofactors) — J (adjoint) — divide by |A|”
M: just determinant of the minors
C: checkerboard signs
J: flip around top left — bottom right diagonal

Oneor many solutions
If |A] is nonzero, the matrix has exactly one solution.
If |A] = 0, the matrix has either 0 or oo solutions.

Linesin parametric
With Py (%o, yo, o) and V (a, b, ¢):

X =at + Xp
y=bt+yp
z=Cct+z

Planesin parametric
With Py (%o, yo, o) and V (a, b, ¢):
a(x-xo) + b(y-yo) + ¢(z-z9) = 0
because N - V =0
Given Pl, Pz, P3Z
Find PP,,PP,

Take x prod to get N
Given surface ax + by + cz,N =al +b ] + ck

More parametric

dx dy s dz -
v(it)=— 1 —k
O % ' Tad T
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Intersection of curve/surface: sub curve eqn into surface
Angle between two planes:
Find N, N,

Take - prod

Product rulefor - and x
d(A-B) _ A.E - dA

+B.-—
dt dt dt
GAB) 4, 98 g, 0A
dt dt dt
Exam 2

Tangent plane

0z 0z
Z—1, :&(X_XO)"'@()’_ yo)

of of of
Vf(xo,yo,zo)[(x_xo)"'(y_ y0)+(z - Zo)] :&(X—X0)+a—y(y— y0)+5(z_ Zo)

Normal vector

if z = f(xy), gf+@ j—lz
ox oy

Vf(xo,YO»Zo)
Max/min
Find partials, set to zero (critical points)
d = fiufyy — fiy” d — saddle

d + fix + min

fix — max

Chainrule

oz of du of dv
z = f(u,v) — =t
OX oudx ovdx
u=u(x)
v =v(x)

Gradient

= Of »+ Of » : : .

Vi = 8_| +5 ] magnitude = steepness, always points uphill
X
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Directional derivative

IR ds

Pu)

Lagrange multipliers
f(x,y), restraint g(x,y)
L(Xa y’ﬂ’) = f (Xa y) - ﬂ(X, y)

oL oL oL
take—,—,—;t , set equal to zero, solve system

Exam 3
Doubleintegrals
b d

_[ j f(x, y)dydx

a C
Do inner | as usual, treat outer variable as constant
Do outer

Polar coordinates

j jf(r,@)rdrde

6

I ntegration applications
[J, f0x,y)dA

Mass: HR odA Average of f over R:
area

XodA
Center of mass: X = ‘”R— Moment of inertia: J‘J-R (dist,;,)* SdA

mass
Work: lineintegrals
jCF-dr=jc Mdx + Ndy
dx

Paramaterize x and y as functions of t = :] M E+ N ?j_i/dt

Gradient fields
For a gradient field, L F.dF = f(end)— f (start)

Gradient field test: ﬂ = ﬂ
oy  OX

To find the potential function, integrate Mdx and Ndy.

Green’stheorem
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Mdx + Nd ﬂ—ﬂdA
i v=II.7

IfNy—-M, =1, mCF-dr =area

Flux
ch Ndx + Mdy = ﬂ M a—NolA

Exam 4
Tripleintegrals

JIl, foey=[f00 [0 (x . 2)dzdyd

adg(x) Jh(x.y)
get outer and middle variables from shadow

Cylindrical coordinates

y=rcosd
J.” f(r,0,z)rdzdrd@ X=rsind
orz 7=7

Spherical coordinates
X = psin@cosé

J.”f(p,(p,@)pzsin(pdpd(pde y = psingsin @
bop Z=pcosb

Applicationsof 3D integrals

Mass: [[[p & dV Average of f over D: ,[[[D f(x.y,z) dV
volume D
Center of mass: [[[p x 8 dV Moment of inertia: [[[p (distance from axis)* & dV
mass

Gravitational attraction: G [[[p & cos ¢ sin ¢ dV

Surfaceintegrals

Find [Js F - n ds.

1. Inspection. F - n is constant.
[Is F-nds=(F - n)areas)

2. Cylindrical/spherical coords.

[Jo F - n (radius) dzd® Neyl =Xi+ V]
radius
Jol, F - n (radius)’ sin @ dpd® Neh=xi+tyj+zk
radius

3. Rectangular case. S is z = f(x,y).
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”S F-nds= .Ushadow F- ('fxi - ny + k) dA

Diver gence theorem
S is closed surface oriented outward

§§ F - ds=[[lp (div F) dV *Flux
divF=M,+Ny,+P,=V-F

Stokes' theorem
§F - dr =[lsV x Fds *Work

Propertiesof div, curl, grad
1. div(curl F) =0
V- (VxF)=0
2. curl(gradient field) =0
gradient field test: Vx F =0

Final Exam Formula Sheet
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