
Section 13
.

2

Derivatives , Integrals of "rector valued functions"

(t) = <x(t)
, y(t) , z(t)]

"space care"

If you want
,
think of it as position with in 3-d space

as a function of time.

E(t)

~-Hr) (mits of m
,

↑
e
.g(

Displacement vector, change in position,

Chase in time : to - to

Avenge velocity At
We define 'It = lim G- r(td)

g

t, to t - to



What do I man by this limit? Just apply comparent wise

8(t) = < x (1), yIt) , zItL7

-
lim<y,j tisto ti-to

=Lim,

= (x'Ito)
, y'(to) , zlto)]

You already know how to compute I-d decratives !

e
. g. (t) = cos(t) + sin(t)]

(F(t)) = 1

(d = Y

E(z) =
also

· (period



Before computing derivatives if

we complete one of length It in

time I
,
what speed do we expect? W

-70mad

5' (t) = - 10 sinlt) = + 10 coskoth5

Note :Not = vo coslot) sin(t) + 1 sinlot cost) = 0

&r
think of this as velocity.

How long is it anyway ?⑤ IIBEw"sinIwE
+ costnt) = 12

II *'ll = (c)



(t) = + ti

P((t) = 0 + i = t

↑
some velocity at all 6.



On a geneal corre
,
we visualize
I

pointing in a direction target to the corre

~
direction becomes Ris

The legth of i' is the speed of transal.

Related to this direction is a notion of linear approx.

F(to)

↓~ - --------
S '(to)

E(t) = (0) + (t)t

This isa constant velocity comet,
E(t) = F(t)
"(to) = Elto)



&

I'll l call [It) The tarsent line to the

carve
,
but it's really a prometeised line

-% t= totIE

E.g. find the permetric t of the tasal line

of
FH) = (Ecost, Esint, t] at t=2

- ↑
x =yz = zu

- --

· lives on a come

(t) = <cost - Eaint, Sint + Ecost, 17

G= 1
,

2π
, 1)

(2) = <2 , 0 , 2)



[lt) = <2, 0,2) + (E-2)<i , 2, 17
= (t

, 2) ,
+7

Cautionary tale :

F(t) = (E3
, t2]

↑ Lyo

X increases as t increases

3 2

Y = X

Y
- x

2/3#
↑

what's the deal?

t th look smooth!

If nexists to we'll say the

ceis soot



Some rules

↑ (F(t) +5) = v'() + st)

X=A +x

a * (t) · 51) =
F(t) · S(t) + (t)0i'it)

S(f(t)) = r'()f'()
Suppose (FATF 1 For all to

Then F(t) · 8/) = 0 .

Ho (t) = 1 =0

r'(A- (t) + v()t')
= 0

2 on) = 0 -

Con replace 1 with any radius



Integration

b

It Ed

Why would you do the?

=
What happened here

f(x) = x3

F(x)=* ,
F((x) = f(x)

9
.

"F'(x)dx = F(z) - F(0)

9F'(x)(x = F(b) = F(a) FTC !

C

↑

integrate arote of clage and nur
set a not change--



b b

Sredt = <Side, SYYEdt, Selede
a

= (x(b) - x(a), y(b) -y(), z(b) -z(a)]

=E(b) - F(a) (FTC)
.

Same principle : integrate a velocity and

you get a not chase in position.

(displacement!
~

Well sometimes write Filt = It)

9 ) = (b) - i(a)

-

E
. g. Suppose r'()=(t) = Si + (2- 9 .8t)5

and = (d = (1 , 3 , 27

Job : Find (t)



Methad 1 :

gt(t)= Tsids = (t) - =(d)

& <3, 2- 9 .840)dt= (t) - < 1 , 3,2)

t

75st5 , 25 - 10 - 10) = /) - (132)I

> St
,
26- 2007 = FIE)- <13,27

F(t)= < 1 + Sty 3 + it - t?, 27



Method 2:

We have a notion of indefie intesuls

as well constant rector,
I

frtidt = F(t)-

r(t) = 9(5, 2- 9
. 85
,
07H + 2

= LSt
,
It- 0

↑ (t) = ( St, 2 t- 1,>+

t= 0

< 1
,
3
, 27 = <0, 0, 07 + 8

= = (+ /, +3, 727

*H) =(5t + 1
,
2t- 10tE3, +27


