MATH 10C: Calculus lll (Lecture B0O)

Today: Projectile motion. Functions
of two variables
Next: Strang 4.1

Week 5:
homework 4 (due Friday, October 27)

regrades of Midterm 1 on Gradescope until October 29



Pmperﬁes of dervatives of vector-valued Linctions
Thn 3.2 et F@) and U (k) be diffecentiable Jecfor-va lued
fﬁmdiom) let £ (¢) be oo diffecentiable scalar function r

\Q{’ C be a SCQ'Q(‘.

() = (cfw)= et (¥) (scalar multiple )

@ ﬁ[(‘(ma(m:?—’(e)t Ak) (sum ond  difference)

(iit) f [£06) FR)] =€ @) Ry e £(6) E04) (Pmc\uc* M iic:\\;r\%
Gv) &%t [T) TW) = Floraey+ re)-T'e)  (dof product)

(V) Q—ﬁ;[ CER U ()] = P« A(6) ¢ Fle)xT/(Y)  (cross Poduct )

(v V(?&\\] = T(f &) - £t (<hain cale )



Properfies of derwoatives of vector-valued finctions
’ e
i) f PW-F®)=c , then  T) F)=0

Proof (iv) j_t[ ML E(&)]

= i’:}c—[ Q)@ () + (k) W ({—)&'fs(-&)u-.,({—)x

= YU k) + CHu(F)

+ 0BV U (B r o () @ ()

4 0 (EYus (F) t G (F) @ (£)
= YE) JE) ~ CE) T )

Gi) o =ﬁ[3(t)-'€(kﬂ = TE) Tl) + T) - FIE) =270) . T )

This weans that 1f T &Y 1s constandt ( fien  T(E) L )



Mofion in space

[£e T (€)= x4, yt), 2y s the Pos\Jrl'on of The chr’n‘di
ot +ime 1, theu
o V()= F'(+)=<x'(t\,3'(t\, 2'(4)) s the \le\sciJrJ Cand

° O () = F"(ev<x"(»<\.j'(+s,z"(f>> is The accelecation  and

o N (£) = IN®)I) =\l(x’(t))l+ (j'(f))‘+ 1)) s the speec

EmeP\e: Prg'\edi\e moTfion

Consider an HijeCWL movihs with ntial \/e\oc'\JrJ N bud
wth ho forces ac+in3 on 1+ other than 3(‘0&(*3 ((ignoce

the effect of air resistance) .

—

Newton's seconé law: F = m a , whece M = mass of ﬂ\e ob&e_d

EQ(”H\‘S 3(‘0\,\1\\'\'31 lll_:;l\ﬁma | uQ‘(\Q\"Q_ S: 9.3 M/s"



Pm"ec‘ﬂ le motion

Fix the coordinate 5js’rem -. Ea = -mg ] =<0, - g S
wp -
J 4 -
IFB \"3=<0,0‘—M3§
J4
bow kword | | Forwoard
intial T x
Fosf)r(on
dowh

3
Newton's second law: F= m o

EOJ_'H\‘S 3(‘0\,\1\\'\'3 :

Earcth's 3(‘&\1\'\'3 \S 'ﬂw on(\j
{orce QC'Hr\fj on The ob\"jec‘\'

Sy

F:'Fa



Pro‘ec+ \e. I’Y\O‘\'IOY\

F(ﬂ' FS ma () =-mMg j
OL({- T 19 J (consjrom+ acce\erou\{oh)

Since A =V(E), we bove N'(#)=-97
To ke ontiderivative: N () ﬁf jj’é’c = —3‘:~T+ c
Determine G bj +&kmj \{(o) A (intial \m\ocﬁ:j)
V(Q)z—s 6+Ci = & =V
This 31\1@.3 the \ldoc&:) of he o&ﬂed:
V() = -gt-T e W
S lo j N = ) Es —}Qk\r\j ’H\a antiderivative and (o)= [
Tr) = jvtt)&&”gi L v C.

r(0\2c=a‘ So F’(Ht-g'g—v{:\ro + 0

3



Pro"ec+] le mo+ fon S 068)= 2cn8 O

A \;)roje_c_‘l'”e is  shot b:j a howitzer with indial 5\)&2& 800 M/s
on o ’F\Q'\ ‘hz_r(“o\it\. D?_'\-QFW\iY\Q —h\e MOoUX dl‘S"—QY\CQ_ _H\Q

Projecﬂ\a Con  cover before k\ﬂinﬁ the 3roum4.

Since the inihial sPaed IS
TR given | The initial Veloaity
- ™.
A con be determined bJ the
9 \\\g - - 3
Tadow ) ’ &“S\Q : Vo = 800 COSO SN

Eo‘uoﬁion of the *rojedm\‘j s T = - lo'g-j + 800t cosO T + 0ot S'\heg
H'\pﬂhj The jrouu\cl: second c:ompomh'\ oC ?‘(Jc) (S 0:(—S£z+ 800%8'”\6):0
t (‘SJC*gOOS‘“W\‘O . S0 th= -@L;L“e—‘:léo-s'me. The Fos;'ﬁoh of e Rt s

C (k) = 0-7 + 800-160-5in8-cosB T = 6000 sin(20). Maximum s achieved
when sihG9) =1 e 20= Tzr ,9=l}u=‘l$°. Moax distance is 64 km.



Functions of several variables



Functions of 4wo variables

Def. A function of 4wo variables ma.ps cach ordered
?Q\w (1\&3) in o subset DR 4o « u,n\'cxue_ rea| number
z=f£(xy) | The set D s called the domain of fhe
Lunction . The ro.nge of £ s the set of all ceo) numbers
2 fhat hos af feast one ordered PoJr (xiq)eD s.1. —F(n.ﬁ:z_

| Ll
R

mhja
domain

£ not s\Dec'nCIeé‘ we choose Ahe dowmoin Yo be the set of
ol pairs  (X.y) foc which £y) is well- defined,



