
Chain Rule (a bug's tale,

Thisen
T(x,y) = 100-Eit on

xy can

I have a bug walking woud

=(t) =(X(t)
,
y(t))

= (2 + 6t , 1 - t] t in s

The buy has a thermometer and can

keep truck of the tempeature TI = TW(, Y(G1)



Question : What is the rate ofconge of temp
that the bug sees at E=07

-I
There's an inside and on outside function !
It's the clain rule

,
but it's a little more

complicated,

At t=0,( = < 2, 17 ·

Let's replace T(x,4) with it's limerization at x=2,4= 1.

L(x,y)= T(x0,4) + E(x0Y0)(x -x) +ET (xg4)(y -x)

T(m4d)= 100e 36
.7
·C

= 100
=

- 40xe
(*)



at (opol = (2
,17 E0= -80e

=

-
29.
4 %km

-40E -N

T(x,4) 36 , 7 = 14
.7(x - z) - 29.4(4- 1)

for (x
,Y) near (1 /2)

NowH = (2 + 6t , 1 - t]

=6=

T(E() = 36 .7 - 14 .706t - 29. 4 . -5)

* T(EI) = - 14. 7 . 6 - 29
, 4 : (1)

= - 58 . 8% /s

What are these pieces ?



EITC
↳ (2 , 1)ox(0) + (2)

-(14
+24

f(x, y) X= g(t) y =h(t)

f(g(t),h) =+



·
p = 8 .2

R 50
, 082-atm

K mol

P = 0
, 082 T
-

V

What is the rate of chose of pressure of This changing

at 10 % /h and V is chagg at 4th

* = 10 d



↳ -
0 ,082 , 3004
-

302

= 0 , 027 - 0, 0109

= 0
. 0164 ate/hoor

outclass
: chain rule

ge

f(x ,) , X(t) , y(t)

+ (x(t)
, y(t))=

T(x
,y) = x22

- Y

r(t) = (t, +2)

ET(t)=



2.g . compute

IT at =

= Ive

x = Ex=

=
x =1
Of

=

So T="tol-de
=(2)
= 0 . 584



But you could just do

T(x(t)
,
y(t)) = fi-<

T)) = 2 tet(-2te=)

at t=E
= e

-
- Le

- "T

= 2-4 o I again,

[value is mostly theaetical]
What if we add in mother variable?

T(x, y,z)π(t) =(x(t), y(t), z(ti]

ET((t)) = GT(x(), y(t),z()

=



What if you have a come and I tell

you not x() and ylt) but

instand OH) and r(t)
↳a scalm

,
radive

#
x(it) = - cost

(tooautay(r, ) = rs

= (
= cost usin



=i ros

Chin rule applies to each in torn,

So we'll focus on the case ofone output

variable,

-

· =E
X E

t
X = x(u

,)
?

y
= y(a , r)

E = f(x (a,r), y(a ,r)



↳

=
u

x/

z
--V ↑
↳
↳ u

h(x
,y) = xY

↑X = rcost -

y = usinQ

=
= y cost + X sint

= rsinErosO + rcosOsinG



= 2rsintcost
h(r,)= v2 costsut

= rs(20) -(2)

↳ #
= y ( vsinG) + X rcost

=

-r2 sin + recost

=Cas= uncos(zo

r increases
, goes like 2

on O = 0 , goes like 2

mo= I im (+2)= 0,
↑

24
20
= 0



Mare variables :

w =f (x (sit ,u) , y(s,t,n) , =(s,4 ,x))

↳
eten

-~
on

O

No
u


