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Linearization 
Chain rule



.

1) Magic roots

4) Chain rule

3) Rewrite using gradient
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5)  One rule to bind them

.2) Linearization



Magic root



101 ∼ 10 +
1
20

= 10.04

101 = 19.0499...



Cube roots! 





Linearization



L(x) = f(x0) + f′￼(x0)(x − x0)



Chain rule 1D



d
dt

f(g(t)) = f′￼(g(t))g′￼(t)



Example:

d
dt

sin(ex2) = cos(ex2)ex22x



Gradient



∇f(x, y) = ⟨fx, fy⟩



Chain rule 2D



d
dt

f( ⃗r(t)) = ∇f( ⃗r(t)) ⋅ ⃗r′￼(t)



Related rate



One rule



f(x, y) = x + y
⃗r(t) = ⟨x(t), y(t)⟩

(xy)′￼ =
d
dt

f( ⃗r(t)) = x′￼ + y′￼

1



PRODUCT RULE
( fg)′￼ = f′￼g + fg′￼

1646-1716

f(x + h)g(x + h) − f(x)g(x) = [ f(x + h) − f(x)]g(x) + f(x + h)[g(x + h) − g(x)]

[f
(x

+
h)

−
f(x

)]
g(

x)

f(x + h)[g(x + h) − g(x)] Now divide by h

h h h

Taking limits  gives
the product rule

h → 0

f(x+h) 

g(x) f(x) g(x)



SOURCE
Leibniz found it 1675-1677



f(x, y) = xy
⃗r(t) = ⟨x(t), y(t)⟩

(xy)′￼ =
d
dt

f( ⃗r(t)) = yx′￼ + xy′￼

2



f(x, y) = x/y
⃗r(t) = ⟨x(t), y(t)⟩

(
x
y

)′￼ =
d
dt

f( ⃗r(t))

3

= ⟨
1
y

, −
x
y2

⟩ ⋅ ⟨x′￼, y′￼⟩

=
x′￼

y
−

y′￼x
y2

=
yx′￼ − xy′￼

y2



QUOTIENT RULE

( f/g)′￼ = ( f′￼g − fg′￼)/g2

1646-1716

The product rule  gives

f′￼ = (g
f
g

)′￼ = g′￼

f
g

+ g(
f
g

)′￼

f′￼g = g′￼f + g2(
f
g

)′￼

Now solve for (f/g)'





1646-1716



See you at Halloween!



NEXT MONDAY:



NEXT MONDAY:













THE END


