
Ch13: Vector valued Functions and Motion in Space
13,1,1

Fration

· IDI is an interval of RRY, Eg: (0,13 or 1-0,0) E R or 20,25).

·M2, RY, RM ·
So have

a point (1,2,3) S13 usually,- -

I set/collection of all paintsin NM.
point 3 m is

vector
- 2or 3.

· YY? TYY, TY". So have a vector (1,2,3)54/
3

↓t

I set/collection of all vers in IRM.
2D 3D

1 considers functions E: D1 -> Im

domian =M'
I vectors in IRM
nee

PinI

1 curves in space and their tangents.

Def A math, as called a vector-valuedfunction, is a function-

E ·ID1 -> MM.
-

· When m =3, F. has the form

F(t) =( f,(t), fe(t), fy(t))
where A SID

which can also be written as

EH) =(x(), y(A), z/A)) where A SIDY,
-

·

onethinksofthe end-pt ofFam tracing
outline parameteringingthe

-b on page 5.



Lef. (Calculus It For 7: ID- R and LER 13.1.2

lim f(t)=L means

*ttj
for each 30, there is $30 satisfying

if 0 < 1A-tok 8 and AaD
1

Then 1f(t-11 < 5.

--m

# /CalculusI). For E: ID->T
m

and Is N
> I

lim Eit) =L means
~ = Ll,,lz, . . .,lm

*ttj
for each 30, there is $30 satisfying

if 0 < 1A-tok 8 and AaD
1

Then HEH-[11 < s.

Note bes can work coordinate - wise
-

det
lim Ect) =[ E him [f,(A), fz (t), ...fm (A)3 =[1,, R2s ...,lm)
A5Ar 1-3 tr

Note
-

E) for each coordinateI lim fit) =

liI
1 j =m A-Ag

def -

Reza E is continuous at t=to ↳ lim. E(t)
=F(t)

t -to

* for each coordinate lim tj(t) =fj(t)
-

5)
Atto

Def2b Eis cont. on ID* E) F iscont at each ASID.-

DO EX7-9 on page b.

- -Detta.isdifferighlepatumt, tj sdiff atthe

F' ==*H+st)- EH) =(,,..,
-

At
-

just take
Hebb Emdeff. on4 F is diff, ateach ASIDA, derivates

coordinate wise

e+4 (New)
-

Thecurve 5 traced by E issmooth ) is cont, and never 0.

i,
-

) "E has continuous non-vanishing derivative
"

in short



④ 5 E (t) is tungentto the ↳
13.1.3

curve 3 traced outby F at time It).

↓ So Eis r
↓

picture for the path i (t)
=(x(), y(t), z(t) ).

(from book page 7631

↑"(t) da

lim -St)- F(A)
At->0

- At

T

Now let A1-O and
will get

· the pointapproachthe pointP,

along the curve C

T . and in the limit,
/

the rector tobecomes
the tangent vector (A)

1



Altion - a typical application. 13.1.4

For a partical (aka puffol flying thru space on a smooth curve 3

with position vector : D' +3 ·

-

1. F(t) =< x(t),y(t),z(t)) position vector

2. F (t) =It I(A) velocity vector.

3. (t) ==v (t) acceleration vector

-

4. V(A) =11 F (A) 11 speed (scalar) function

warning:IlrlF Fll
⑮5. If lto) It, then a

· Elto) is tangentto 3 at to

and

· Flto) is in the direction of motion.

v(to)
isthe dirtunionof the motion attime toFr

ps: Useful for finding tangent lines to curre.

(10-15, starting pageb

↳



For Ex-15.Leta puffs have positionvector 1301.5

FCA) =<4sint, 2 costs with0 =A =M2,

So F:[0,4] -> My
2
is a path, *u

*1. Whatare the coordinatefunctions ofr?

·x(t) =

or sometimes justwrite
and
y(t)=
-

x = and y
=

-
-

Ex2 (0) =L >
3

=

(0)
=

( >
↑

S

*3(2) = L 2
3

F(t) =< I
7

4 -(t) =e -

v(44) =2, 3 =

5 The cord, functions satisfy the equation
-

ji)+(2)=1E)
6 sketch the curves that I traces out.

y
An

10,2)
⑳

- 8X

(4,0)



Have 'F(t)=<4sint, 2cost), 02722, B115

-7 im 5H =-,-
+ -44

lim 14 sint, 2at) I
t-44

#8 Is a continuous atMy

9 Is continuous on [0,42]?
-

#10 The puffo's velocity vector is v(t)=< I
S

(A) ='(t) =D+C 3 =

*I E()
=L--

-(44) =L S
I

#12 Aparameterization of the targentline 2 to the puffo's pathwhen
to=14 is : x(t) = +A

y
(t) = t I (4)

a pointon 2, see Ex 4 ↳

I is in same direction as it!)

#B The tungent line linex 12) isy =

m =

t =E=-I- ↑
so

#

14 HW. Compare Ex13 to

MML HW over 11.1+11.2;11.2.3 (think question 7)



13.1, 7
# So our puffo has:

position vector is: (1) =< Ysint, 2 cost)
- ~

velocity vector is: v(t) - r'(t) =2 4 cost,-2 sinA>

accelation vector is: a(t): -

speed function is: 11(1)=

- End of Examples using (t)=(4sint, 2 cost)

you can now do MML AW for 13.1

* Our puffo is flying along thehelex

F(t) =2 cost, sint, A T stor 0 t = 2H

Findis velocityvector att= M2

soln WIA =v'(t) = -
--

&
(E) =< I----

1 Exlbis Instrates, Desmosalso lets do this Dessesthe
Question. Whatwill happen when the Grinch

turns off the

magnetic switch at time t
=M2?



2a circle
with Center-origin 13.1,8

=18 ofwhen I is on si) a sphere
will use in Bat. I recall, for circles

Ifthetentoft isconstantsthentoare el
a tangent line is
I to a radius'

see belowt.(
=>Ec =E[F(t). r (A)

-Its
=>o

=>

wiartet.I
>

=>E(t).(t) I &

Eact If It) . F'(t)
=0 for all A, then 1Fllis constant.

BK Exercise Bolet).

Differentiation Rules four Vector - functions. I paths
-

Given: differentiable E: ID'- YY*
E :ID' -> m 3 vector-valued
f ·- 12 ↓- Scholar-valued

-m
Let I: ID' - I be a constantrector leg (A)=< 1,2,3) foreach)

k a IR

Then Ibas liff, iscoord-wise, theR-rules extend to i)
lo [k] =0

> E [(t) E(t)] =f/(A) F(A) + f(x) /A) productrule

**=(F(1)) =Eit k F'(A) "constanst come out
"

3, [F(t) =(t)] =E't) I ' (t)] (sum/difference)

4. Et [F(t) . E(t) ] =F'(t). ECA) +E(t).(t) dot & cross

product

5. It [F(*) X ECA) =F (H x It) + F(+) x (A)3 rule

b. (F(f(t))] =f() E'(f(x)) chain rule

This finish1301. Any questions?


