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Problem

Find the 
distance 

between AB  
and CD

Just 
kidding 



(x-1) + (y-2) + (z+3)=1

x-y+z=3

2 2 2

Find the distance 
between the sphere 

and the plane

Problem
Kira Haedrick



r(t)
r’’(t)

r’(t)

Velocity and Acceleration

r(a)

r(b) T(t) = 
|r’(t)|
r’(t)

N(t) = T’(t)
|T’(t)|

B(t) = T(t) x N(t)

κ(t) =  |r’(t)xr’’(t)|
|r’(t)|3

T NB  
curvature

L  = ∫ |r’(t)| dt
a

b Arc length

Concepts on Curves



Integration



Gradient
∆

f(x,y,z) =< f , f , f > 
x y zD

f(x,y,z) =< f , f , f > x y zv
. v

Directional Derivative
d
dt =

∆
f(x,y,z) . r’(t)f(r(t))

Chain Rule∆
f|| =  directional derivative in the #

direction of the gradient

2

Steepest Ascent



∆
f(x,y,z) = <a,b,c> normal vector

ax + by + cz = d tangent plane

a(x-x ) + b(y-y ) +c(z-z )0 0 0

L(x,y,z) = f(x , y , z ) =0 0 0 linearization

estimation
Estimate f(x,y,z) by #

L(x,y,z) near (x ,y, z )
0 0 0

these concepts are related



transportu (t,x) = u (t,x)t x

u (t,x) = u  (t,x)t xx heat
u  (t,x) = u  (t,x)tt xx wave

u  (t,x) =  u  (t,x)tx xt Clairot
PDE’s to know

u  + u ut x Burgers= uxx



Henry Cousins



Second Derivative Test

f(x,y)=<0,0>
∆

D=f   f    - f xx yy xy 
2 

minimum
maximum

saddle point

D>0
D>0
D<0

xx f   < 0
f   > 0xx



Problem

Where is the divergence of 	


!

F(x,y) =< x  y/3 , 3 y /4  - 3 x y >3 4

maximal and 
where is it  
minimal?	
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Marzipan  to Win

Shout the answer!



Example
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Problem



Make a picture x

y

y=x 1/3

y=1 

8

2



Surface area is an application of 
double integrals

compare:

Both are independent of parametrization!



What are the top 21a Mistakes?What are the top 21a Mistakes?


