3.3 I mplicit Differentiation

Often, we want to know the rate of change of
avariable In an eguation (as opposed to in a
function)

Ex: x%+y*=2
Graphisacircle

Question: How doesy change with respect
to x?



Tangent Lines and Graphs

Want to find slope of

tangent to graph of o
equation / 1
Need: apoint / ® e
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the slope | - !
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Finding pointsis easy " x
Find x, y that solve A
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Slopes of Tangent Lines

Ex: x%+y2=2
Thepoint (1,1) ison
this graph

What about the tangent
slope at this point?



Finding Tangent Slopes

ldea: Think of y asafunction of X, y(x), so
the slope of the tangent line Is as before

dy

Mtan — —— — y,(m)

dx

Our example becomes x2+(y(X))?=2



Finding y

To find m =y, differentiate both sides with
respect to X (NOTE: when you see y(x), you
gety from Chain Rule)



Solving for y

It’susually easier to writey for y(x) and y
for y (x), then solve for y



Our Example

So for our example, x>+y?=2 at the point
(1,1), and the equation of
thetangent lineis



Another Example

Ex: Find the equation of the line tangent to
the graph of xy°=2 at the point (2,1)
Differentiate both sides with respect to x
Y ou need the product rule for the left side
Solvefory
Substitute x=1, y=1 from the point (2,1)
Find the equation of theline



Solution

Computing d/dx of both sides:



The Tangent to xy3=2

Since our point is(2,1)
the tangent slope is

Thislineisdepicted in
the graph to the right



A Variation on The Theme

It may be the case that both x and y depend
on athird variable, say t (for example, time)

In this case, x2+y?=2 becomes
(X(t))*+(y(t))?=2 and the chain rule applies to
both terms

In this case, compute of both sides



The New Version



Related Rates of Change

Another way to writethisis

This equation relates the rate of change of x to the
rate of change of y

Note that you can’t “solve’ for anything until you
have more information



An Example

Ex: A 6 foot |ladder leaning against awall
beginsto slide to the floor. How fast isthe
ladder’ stop falling If the bottom is moving
away from the wall at 3 ft/sec when the
bottom is 2 feet from the wall?



