Velocity and Acceleration Vectors

Example 1: Let r(t) =ti+ (4 —t? )j

e e F(EFAL) (1)
v({®) =r'(t)=lim t ;

A
v(t) =r'(t) =1i+(-2t)j=(1,-2t)

a(t) = r'(t)

speed = |[v(t)[ = \/(1)2 + (—2t)2 = 1+ 4t?
a(t) = v'(t) = r'(t) = 0i + (~2) j = (0,-2)
Graphing r(t) =ti +(4—t2)j:

Use parametric equations: x(t) =t; y(t) =4 -t

Example 2: Let r(t) =3costi + 2sintj

v(t) = r') = lim FEEA0 O oy - gy

At—0 At

v(t) =r'(t) = (-3sint)i +(2cost) j = (-3sint,2cost)

speed = |v(t)| = \/(—3Sint)2 + (2cost)2 =/9sint + 4cos’t
a(t) = Vv'(t) =r"(t) =(-3cost)i+(-2sint) j = (-3cost,-2sint)
Graphing r(t) = 3costi + 2sintj:

Use parametric equations: X(t) =3cost; y(t) =2sint



Example 3: Let r(t) =4costi+4sintj
Note: Graph of r(t) = 4costi +4sintj is a circle.

v(t) = r'(t) = lim AT oy ey

At—0 At

v(t) =r'(t) = (—4sint)i+(4cost)j=(—4sint,4cost)

speed = |v(t)| = \/(—4sint)2 + (4cost)2 =/16sin’t +16c0s?t == \/16(sin2t+ cos’t) =/4(1) =2
a(t) = Vv'(t) =r"(t) =(—4cost)i+(—4sint) j = (—4cost,—4sint)
v(t)-a(t) = (—4sint,4cost)- (-4 cost,—4sint) =16sintcost —16sintcost =0

For circular motion: v(t) and a(t) are orthogonal.



Example 4: Leta(t)=2i+3k =(2,0,3); v(0)=4j= (0,4,0); r(0)=0= (0,0,0).
Find r(t).

r'(t) = ja(t)dt =jr"(t)dt :j(z,o,s} dt=(2t+C,,0+C,,3t+C,)

r'(0)=v(0) = (2t +C,,0+C,,3t + C,) = (C,,C,,C,)

(0,4,0)=(C,,C,,C,)

C,=0; C,=4; C,=0

So r'(t) = [a(t)dt =[ r"(t)dt =[(2,0,3)dt = (2t + 0,0+ 4,3t +0) =(2t,4,3t)

r(t) = jv(t)dt :Ir'(t)dt =j(2t,4,3t)dt = <t2 +C,, 4t + CS,% + c6>

2
r(0) :<t2 +C4,4t+C5,3%+C6>:<O+C4,O+C5,0+C6>:(C4,C5,C6>
(0,0,0)=(C..C,.C,)

, ) 3t? , . 3t
r(t) = [v()dt =[r't)dt =[ (2t,4,3t) dt :<t +0,4t+0,7+0>:<t ,4t,7>



