Derivative of Vector-Valued Functions

F(0) = lim r(t+At) —r(t)
At—0 At

Example 1: Let r(t) = 3ti +t°j

() = im AAtz r() l!mo[g(t FAL)I+(t+ At)zAjtJr(t - Ay~ [ati+5]
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=3i+ 2t

F(0) = lim r(t+At) —r(t)
At—0 At

Example 1. Let r(t):ti+t2j+§k. Find r'(t) and r'(2).

' _ . 2\ : §
r(t)_Dt(t)|+Dt(t )j+Dt(2jk

r'(t) =1i + 2tj + Ok = (1,2t,0)

r'2) = (1, 2t, 0> = <1, 2(2), O> = <1, 4, O>



Example 1: Let r(t) = 4/ti +t2j+Intk. Find r'(t) and r'(2).
r'(t)=D, (4Jt')i +D,(t?)j+ D, (Int)k

r'(t) = 2t ™% + 2tj + %k = <2t‘1’2 2t %>

1o\ — -1/2 1 _ -1/2 E
r'Q) = <2t ,2t,E>—<2(2) ,4,2>

Example 1: Letr(t)=(t" +1)i+(t* —1)j. Find r't), r"(t),r'®)-r' ().
r'(t) =D, (t* +1)i+ D, (t* -1)]

r'(t) = 2ti + 2tj = (2t, 2t)

r'(t) = 2i + 2j=(2,2)

r(t)-r'(t)=2t-2+2t-2 =8t

Example 1: Letr(t) =t%i +(2t* +3)j+ (3t -5)k.
Find r'(), r(),r'@) - r").,r'@xr'e.
r'(t)=D, (t*)i+ D (2t" +3)j+ D, (3t -5)k
r'(t) = 3t% + 4tj + 3k
r"(t) = 6ti + 4j + Ok
r'e)-r"(t) =3t* -6t + 4t -4 +3-0=18t> + 16t
r(®)xr'®) = [(4t)(0)-(3)(4)]i-[(3t*)(0) - (3)(6t) |-+ | (3t")(4) - (4t) (6t) |k

(O xr() = [-12]i-[-18t]j+ [-12¢* |k



Example 1: Let r(t) =e™'i +t°j+ tantk.
Find r'(t), r"(t),r'(t) - r"(t),r'(t) x r"(t).
r't)=D,(e")i+D,(t*)j+ D (tant)k
r'(t) = —e'i + 2tj + sec® tk
r'(t) =e i+ 2j +(25ec2ttant)k
) r'@) =(—e")(e")+(2t)(2)+(sec’ t)(2sec’ ttant) = —e* + 4t + 2sec’ t tant
(2t)

Ft)xr'(t) = [ 2t)(2sec? ttant) (sec? t)(2)]

(
[( —e)(2sec’ ttant ) — (sec’ t)(e” )]j
+(-e")(@)-(20)(e) Jk

Example 1: Find I[(tz +1)i +(t2 —1)j +(cost)k]dt
[ (t? +2)i+(t* -1)j+ (cost)k ot =U(t2 +1)dt]i +U( —1)dt]J+U cost dt}k

3 3
{%+t+€1}i+{%+t+cz}j+[sint+Ca]k

Example 1: Find J{Inti+%j+k}dt

j[lnti +%j+k}dt=:j(lnt)dt]i J{_[G)dt}hﬂldt]k

:E+C1 i+{;—21+cz}j+[t+c3]k




Example 1: Find J[eti+sintj+costk]dt

I[e‘i +sintj+ costk dt = U(et)dt]i + U(sint)dt]j +U(cost)dt]k

:|:et +C1]i +[-cost+C,|j+[sint+C,]k

1 _
Example 1: Find j[ti+t3j+%ﬁk dt
1 -
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Jl[ti + 0+ Yt e = ()t i+ | [(€)dt]i+] [(t°)dt ]
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Example 1: Letr'(t) =3t%j+6+tk; and r(0) =i +2j.
Find r(t).

r(t) = [r'(®dt :U3t2j+ aﬁk]dt - UOi +3t% +6Jt’k]dt

:UOdt]i+U3t2dt]j+U6ﬁdt]k

=[0+C,]i +[t3 +C2]j+[4t3’2 +C3]k

r(t)==[0+C,Ji+[t*+C, |j+[4t"* +C, |k
r(0) =[C,]i +[C,]i+[C]K
i+2j=[C,]i+[C,]j+[C,]k

C =1 C,=2 C,=0
r()==[0+C,Ji+|[t°+C, |j+[4t"* +C, |k
r(t)==[0+1]i+[t*+2]j+[4t"* + 0]k

r(t)=i+[t°+2]j+[ 4t |k



Example 1: Letr"(t) =—-4costj—3sintk; and r(0)=4j; andr’'(0)=3k.
Find r(t).
r'(t) = [ r(t)dt = U—4costj —3sintk]dt - UOi — 4costj —3sintk]dt

=(0+C,)i+(—4sint+C,)j+(3cost+C,)k Note: Icostdt =sint; jsintdt = —Cost;

r'(t)=(0+C,)i+(-4sint+C,)j+(3cost+C, )k
r'(0)=(0+C,)i+(0+C,)j+(3+C,)k
3k=(0+C,)i+(0+C,)j+(3+C,)k

C,=0; C,=0; 3+C,=3<0C,=0

r'(t)=(0)i+(—4sint)j+(3cost)k

r(t) = [r'(@dt =| [(~4sint) j+(3cost)k |dt =| [0i +(~4sint) j+ (3cost)k | dt

=[0+C,]i+[4cost+C,]j+[3sint+C;]k

r(t)=[0+C,]i+[4cost+C,]j+[3sint+C; ]k
r(0)=[C,Ji+[4+C,]i+[Cs]k
4j=[C,Ji+[4+C;]i+[Cs]K

C,=0; C. =0; C,=0

r(t)=[0+C,]i+[4cost+C,]j+[3sint+C; ]k

r(t) =[0]i +[4cost]j+[3sint]k =(0,4cost,3sint)



