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Intro TODAY

Welcome to Differential and Integral Calculus Il <~ General definition of a parametric equation (vector valued
function). Physical interpretation of position as a function of

time.

Practicalities

<> Examples of parametric equations. Line, circle, parabola.
e MyCourses P P a P

¢ Opgn access te_thOOks _ <> Parametrize the parabola in two ways and mentione that there
* Zulip chat - quick look at basics are infinity-many ways to parametrize the same curve.
e Grades and expectation
e How to do well in this course <> Figure out the general formula for the parametric equation of a
e Teaching Assistants (TAs) line in R"3
What's new? <> Write the limit definition of the derivative of a vector valued
e Functions of more than one variable function. Indicate graphically why this is the tangent vector.
e 3D thinking With a bit of algebra, show that this limit definition reduces to

taking the derivative in each component separately.

Connecting geometric thinking to calculus
Many new concepts &
Learn beautiful and useful math

Find the tangent vector to a circle and get the result we expect.

& Findthef " lanath frormfi einlot usinat

What's old ofinion st the dofinite - {More details will be given
e You already know how to algebra, differentiate and the-nextecture)
integrate. N 1. _ _ ,
The physical-interpretation-of arctength-being the ntegral-of

¢ You have all the basic skills you need
e This is a very standard course so lots of material

available. Many standard textbooks. Where to find this material (see MC for textbook links)
1. Adams and Essex 11.1-11.3

2. Corral, 1.8,1.9

3. Guichard, 13.1-13.3

4. Active Calculus. 9.5-9.8

speed-makestheformulaveryintuitive:
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Vector-valued functions (1)
Recall

The most famaliar functions are

f r?““)ﬂ?; v flx)=x%
D 1D

The graph of a function is:
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What is a vector?
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Notation
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Vector-valued functions (2)

\/\/afhivlg I. We use mg Lor looth
the set of Pomis anol
the 5et of vectyrs

Z
(aL b,c ) ~ Pomt
) (01“60{ 1%'@

DSt 1L/o|/1
recton

Cm“‘io{ Qa \L@@Mdf tunction

Note: In this course we mostly deal with R*2 and R”3.
Most of the new ideas already appear in these dimensions.

Going to higher dimensions (n>3) is not conceptully
different

Plxtyt))
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Vector-valued functions (3)

Exmaples: (1) Line, (2) Circle, (3) Parabola

(1) Livg 3: f(y¥)=3%x+2

This Warks
Le‘,’ X = -f (FO\/‘ any

Then = Q442 Pumwl/bn f1¥)
)= L4 3t2)

&) Cicle o f radivs ‘a CemLerGO( ot C0,0)

{ (’(/‘j)

X'=ACOS i 7: A Sih®
USM? ¢ instead of &,

F(6)= {acost asial D
= O (OS5 (4, Smb) )

fFor 4 revolvtoo O €21
For condmval pevolyton ~g <t < &0

Note y?4 yl _—e (coslmwﬂ - q*

WLll'oL\ 15 the fﬂmi /lézr effuqf/bln Qla
Hhe circle

(3) y: X%
B Xt gt few

&) X= smkt), y=sm()
AY < T< o0

% oscillate s
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/ be')tk/gezq ', qnof I
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Lines in 3D

Lines in 2D
e y=mx+b
e 2 variable (R*2) and 1 linear equation
e Solution set is 1 dimensional (affine) space.
e |f b= 0 then the solution set is a subspace (matrix alg
couse)

Butin 3D

e The analogue of the 2D equation is naively
Z=mx+ny+b
3 variable (R*3) and 1 linear equation
The solution set is a IQ. dimensional space
Thisis a plane
Togetalineweneed 2 e'([/ﬂl'!'/bﬂj‘

What data spceifies a line (see zulip poll)?

. 2 Poerj v

o l {JO(W+ +4 _’2 5/0{385 /
+ Tnt ,F P lanes /[

] j_. )'>0Il/|‘l 1 j V€C+OV‘ ./\

Parametric description of a line in 3D

Given data: p()(ojyg/fo), [?5<Q,5}C>

V >
A2 P/f//ﬂ

/ /
/[ 7
b/

() Go+to P Vector OP
(3) move 1 the chechon & V

Pamme%m_ eiuaf/gin of +he Line
/)= of TV
s ! 5(0/(90;20 >+ f(ol) é) C >
Bl Xy alt
9 ({‘\ = fjo F bt
glls vt
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Line is 3D (2)

Example: Find the equation of the line passing through the
points P(2, 3, -1) and Q(5, 4, -2).

Need: 1 point \/ (Pa/‘ Q\>

1 vector ?

USM? Pas +he /OOIM[, we Vayg

(= {3,377 +E<3,0~1)
( Povapretric eqatron  ~ vecto
fo/m

Solie fof: - X2
or 7 :
X(t) = 243C [ [ppraweinc
Ylt) = 3+F (C’fz/@hdnf J

g[_(_) = ~(-F "Cowﬁo%@wf
T/:O/'M
OR
£ = —tg = 773 — @“4/
—

(Sywh/e‘{'wc Cruqf/o'y\)

Lecture 1 edited Page 7



Derivatives of vector valued functons

Recall: ( HOWee Lyart #1 )
The definition of the derivative of a function of one variable

is:

MW= Pl = g Plash) - £
0’,>< ;‘ _.)O /\,
Let's just write down the analogue for a vector valued

function. Le+ }73(4-): <x(+),y(+)>
Detin #on: =y
r(a) =

oo Flsh) -7
/'190 h

DOGS Hii male Sende i

() Plarh) = Rla) 1s ok beawn
we can add and subtract vectys
(Q} RI’L“ WML(CS rense as it

) us 1 )'Ca/af MU/ /; {C4{7M

o= (Flan)- P @)

OK, so fine we have a definition that makes mathematical
sence. But (A) how can we compute it? And (B), what does

it measure?

(A) Let's just write it out in components.
[a) = ’IM _~ ( <)((Qf-1'1) [OL#A > <Y{01 (q >>
h- o /L y 9

Ny / <>((0L+L s/(a)) 9{@+A)‘j(q)>

"9 h
< i  Aah)=y@) (M)-Wa)>
h-0 h
= I, K(ash )~ X(a) yf.a%_ﬂfa}
4o h / A)o
=< X'ay, 9y »

= WOO&OQ J—UUL{/L(.Q Vfﬂuéz/\
V/c’f/l/a tire 14 cadds Cam/owew/

= X
m <'(£ SM(L f7
= Q¢ cos(¥)+] )

T

Lecture 1 edited Page 8



Derivatives of vector valued functons (2)

(B) What does r'(t) measure? Let's draw a picture.

=7

| Asie: a/\ow d-V

4-V

%L) ~r ()
+am9@m1‘

Vecto

\
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w? §ee 7L{1q+ a5 h=o ‘f/[m c/f/'@pe/'emcg
f(olfl«\ - l;(q\) ACCOMU Pam”ﬁ/ +a the
hm?em‘ Ve ctgr

Conclusion:
r'(a) is the tangent vector to the curve r'(t) at t=a

Exarpl  Finct the faug eut-
vetor +o The Coarcle
dngW//uJ 1 C@M%ﬁ/@/i
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7 he 74%7 eqt vech, 1

MO <~Sumat), Cos (1] D
FW W) s O So the Tamgent
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vector o) we ko firom bhallc Sc%o/
9o w ¢t

SdIar - _]’
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A o+€
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