Formulas

Vectors and Related

Throughout, let u = (uy, uz, us), v = (v1,v2,v3), and w = (w;, wy, ws) be arbitrary vectors in R® and let

¢ be a (real) scalar.
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Lines and Planes

Here, let Py(x0, 10, 20) be a point in R?, let ro = (z¢, 30, 20) be a position vector for Py (in R?), and let
v = {(a,b,c) be a vector in R®. We write the components of the ubiquitous vector r as r = (z,y, z).

Line L through Fj and in the same direction as v:

r = ro+tv (vector equation of L)
(components of rg and v) — r = (xo,Yo,20) + t{a,b,c)
(vector addition) — r = (xo+ta,yo+tb,z + tc)
(components of r) = (z,y,2) = (x¢+ta,yo + tb, zo + tc)

By vector equality, we get the parametric equations for L:

(x,y,2) = (xg + ta,yo + tb, 2o + tc) <:>‘:L‘::L“0~I—ta, y=1yo+1th, z=zy+tc]

to help remember this, the in-words summary is point plus vector ¢t. By solving the parametric equations
for ¢, we get the symmetric equations for L:
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Plane P through F, and orthogonal to v:

v-(r—rp (vector equation of P)

)
(components of the vectors) = (a,b,c) - ((z,y,2) — (mo,yo, 20)) =

)

)

(vector subtraction) =  (a,b,c) - (x — xo,y — Yo, 2 — 20

(dot product ) = a(z —x¢) + by — yo) + c(z — 2o (scalar equation of P)

You can also expand the last equation out to get a linear equation for P:

‘ax+by+cz+d=0whered:—axo—byg—czo‘

Vector Functions

Now, we consider a vector function r(t) = (f(t), g(t), h(t)). Recall that the arc length of r on the interval
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Replacing the upper limit with ¢ and letting it vary on the interval [a, b] yields the arc length function
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In addition, if we let T, N, B, and x denote the unit tangent vector, the unit normal vector, the binormal
vector, and the curvature of (the space curve determined by) r(¢), then
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Motion in Space

If we assume that a particle’s position in space is specified by r(t) = (f(t), g(t), h(t)), then we have that
the particle’s velocity v(t) and acceleration a(t) are the first and second derivatives of r, respectively:

v(t)=r'(t) and a(t) =1"(t).

Also, the speed v(t) (note that this isn’t a vector) of the particle is the magnitude of its velocity:

As we saw in class, we want to write a = arT + ayN where ar and ay are the tangential component of a
and the normal component of a, respectively. This gives us the following formulas:
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