
Yet Another Application of Chain Rule : Related Rates (3.9)

10-11-2017 class notes

Main Idea

Using chain rule and / or implicit differentiation
find one derivative using another

Recall the chain rule: Given h(x) = f ◦ g(x) = f(g(x)) = f(u), with u = g(x),

h′(x) = (f ◦ g(x))′ = f ′(u)u′(x).

Easier to remember:

dh

dx
=
d(f ◦ g)

dx
=
df

du

du

dx
.

If two of these derivatives h′(x), f ′(u), u′(x) are known then we can solve for the third.

Same idea works using implicit differentiation.

Example: Bubbles and derivatives again

Remember the example of the bubble of volume V and radius r :
If V is a function of r and r is a function of t then

V ′(t) = (V ◦ r)′ = V ′(r)× r′(t).

If V ′(t) and V ′(r) are known then r′(t) can be found.
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Problem 3.9.5:

A cylindrical water tank of radius 5 meters is being filled with water at the rate of
3 cubic meters per minute. How fast is the height of the water level increasing ?

Remarks: If you know how fast the height is increasing, you can also figure out
how fast it is being filled with water. i.e, how fast the volume is increasing.

Formula for volume of cylinder: V = πr2h.

Note: If tank were conical, volume of cone: V =
1

3
πr2h.

Solution

Remember that the radius of tank is fixed!!
h refers to height of water level in tank.

V ′(t) = (V ◦ h)′ = V ′(h)× h′(t) = πr2(1)h′(t)

=⇒ 3 = π(52)h′(t) =⇒ h′(t) = 3/(25π) = 0.038m/min approx.

So the water level is rising at about 3.8 cms per minute.
Notice that we didn’t have to measure anything except the radius.
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Problem 3.9.16

At noon, ship A is 150 km west of ship B. Ship A is sailing east at 35 km/h
and ship B is sailing north at 25 km/h.

How fast is the distance between them changing at 4 pm?
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Problem 3.9.38

When air expands without gaining or losing heat its pressure P and
volume V are related by PV 1.4 = C, where C is a constant.

When volume is 400 cc and pressure is 80 kPa and decreasing at 10 kPa/min
what rate is the volume increasing?

Solution:
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