
 Section 3.10 Related Rates

Learning Goals



Conceptual introduction imagine you are inflating a spherical

balloon Both the volume and radius r are changing

over time V and r are both functions

of the time t

However the variables V and r are not

independent they are related by the equation

Tr

Therefore the rates of change 9 and off are also
related

ñr imfff.at If 3rd If
equation relating

4 4tr I the rates of change

In a related rates problem we are given a rate of
change and we look for another one

Examples 1 In the inflating balloon situation above

assume that when the radius is 2 in the volume
increases at 4 in sec Find the rate at which the

radius changes at that time

Tr

Write equations If 4Tr I

Write information
r
14



Substitute information into equations
4551213

4 4151272 If
Solve for goal here

4 4151272 If If in sec 0.083 in sec

Steps to solve related rates problem

Step 1 draw a picture and name variables

Step 2 write down relations between variables

Step 3 use implicit differentiation to differentiate relations

with respect to time t and get relations between
rates of change

Step 4 substitute given information into all relations

Step 5 solve for the goal

Do Not substitute in the value of any non constant
variable before differentiating

Always include units in final answer



2 A ladder of length left is leaning against a wall The
bottom of the ladder slides away from the wall at

2 ft sec How fast is the top of the ladder sliding
down the wall when the top is 8ft from the

ground

Step 1 draw a picture and name variables

Step 2 write down relations

Éy ladder
to between variables

2 92 102 100

ground

Step 3 differentiate relations with respect to time
2 y 100

62 0 29 9 0

Step 4 substitute given information into all relations

2 92 100

299 a 1
2 82 100

2 12 21874 0

Step 5 solve for the goal here I

4
2 64 100 2 36 6 07

4 16 4 0 4.6 164 0 HE

If 3 ft see



3 An object is falling straight down tracked by a radar

positioned 150 ft away from the impact point When

the object is 300 ft in the air it is falling at
lo m sec How fast is the viewing angle of the
radar changing at that time

0 object Relations

h tanto

I
go sector

s The

ra a
150

tanto is he 300 tanto 2

sec 12 9 s sector f isthing

Now we solve for
tanto 2 sec012 It tanol 1 22 5

sec ol s 599 s

9 rad sec

Alternative way to solve O arctan

is

Vik p to
e rad see



4 Water runs out of a conical tank of height left and
radius 5 ft at a rate of 9 ft min How fast is the
water level decreasing when there are 18T ft of water

left in the tank
5

We need a relation between the water

level h and the volume of water V
r V fñr hto

h Similar triangles I r 2

t.fr
So 2 h h

3h2 L If
h v.IE

a

ns

4H 9 If

We now solve for the goal here off

187 h h 18.12 216 h 6

9 h 9 16124 9 2

91 f ft min
0.32 ft min



5 A person 6 ft tall is standing 15 ft from a

point P directly beneath a falling lantern When the

lantern is to ft above the ground it is falling at

5 ft sec At what rate is the person's shadow

changing at that time

Similar trianglesL lantern
s It En b

e f E It

It E n te 8 1 1,5

129 5 56 If

We now solve for the goal here 4
5 1 8 3 e 425

425

22,5 ft sec



6 The total surface area of a cube is changing at a

rate of 12 in sec when the volume is 1,000 in At

what rate is the volume changing at that time

Surface area S 6 2

Volume 3

5 6 2

6
12 9 II 3 2

8 5 6 2

1000 1000 3

12 12 Rx

3 2
2 3 2

We now solve for

3 1

12 12 44 IE I
II 3 2 2 If 3 1

If 30 in sec

Remark we can also solve this problem by writing a relation
between V and s eliminating the variable

S 6v43

635 I 12

9 124 30 in sec


