2D Paths and Direction
Curvilinear Unit Vectors

Can we find a unit
vector that points in
the direction of v?

> Can we find 07?

If we know v, and v,

\7:va+]vy
vV ?v +A'v \%
Then (,=—=-—2= Yy And tand = =2
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If we know y = f(x)

Note v, and ds (exaggerated)
are parallel

dy
vy _ /dt _ dy

tanf = — =
Vy dx/dt dx

v, = lv,cos0 + jv,sind
So iUy = icosB + JsinB

Example. Curve isy = 0.1x? and v is a constant 5 m/s. What is
velocity at x =2 m?
tand = 2(0.1)(2) = 0.4, so 6 = 21.80°

fl; = 1cos(21.80°) + jsin(21.80°)



Can we find a unit vector u,?

Note if C=ia + jb, and D = -ib + ja.

Then CeD=-ab+ba=0

Soif U; =

Or U; =1icosO + jsinB ,and U, = —1sinf + jcosO



Warning — normals depend on curvature




2D Paths and Path Length

//\/ S = erjdds
I i start

£ a dS =1dx+ jdy
210 ds = /dx? + dy?

= dxy/1+ (dy/dx)’

S = Xfdx\/lJr (dy/dx )’




2D Paths and Path Length
Example 1

If y = 2%, find the length s of the curve between x
=0and x =5.

5
S=J 1+— dx—J\/1+(2)2dx
0 \
= Sx‘ = 5v5
0
Of course, this was a straight

line and we could have used
Pythagoras to get the result.




2D Paths and Path Length
Example 2

If y = 2%, find s as a function of time if x=0at t =0 and
if the horizontal velocity is v, = 3t. Find the tangential
speed v, and acceleration.

S=jx 1+— dx—f \/1+(2)2dx—\/§x‘ =+/5x
0 N

x t
dx = v, dt dx=j3tdt x = 5t? =32£t2
0 0
ds dsdx
vt=dt=dxdt=\/§vx=3\/§t
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