MATHEMATICS « CLASS 12

° CHAPTER

Applications of
Derivatives

CHAPTER NOTES




RATES OF

CHANGE

Meaning and sign

A derivative tells how fast one quantity clnomges
with another.

At a particular input, it gives the instantaneous
rate.

y = §(x), = ()

at x = x, the rate is f'(xo).

When the independent variable is time, the
derivative is a rate per unit time.

ds

‘Vzﬁ

A positive rate means increase; a negative rate
means decrease.

General rule

If both quantities depend on a common parameter,
use the chain rule.

dy
d_y dy dx d_.’/ _dt dx +0
dt ~ dx dt’  dx dx ° dt '
dt
Area with respect to radius
A = @
dA
P 21tr

r=5cm = dA _ 10m cm?/cm.

dr

This rate is per unit radius, not per second.
A time rate needs the rate of change of radius.



CHANGING CIRCULAR AREAS

2 dA _ dr
A=Tr dat ~ AT g

Differentiate with respect to time and multiplg
by the rate of change of radius.

Circular waves An ex_panding disc
The radius grows at the given speed. Heating increases the radius at a constant rate.
dr dr
dt ~ =4comfs, r=10cm It —OOScm/s r=32cm
A
tht = 2m(10)(4) = 807 em’/s i’? = 270(3.2)(0.05) = 0.327C cm?/s

Both areas are increasing. The unit is area per second.



Given

The cube’s volume increases at the given rate.
Find the rate of increase of its total surface area

RELATED RATES: A CUBE

at the stated edge length.

V=2x3

S = 6x?

av _ 3
17 =9cm /s
X =10 cm

Solution

Relate the edge rate to the volume rate

First connect the edge rate to the volume rate.

v _ . ,dx
at = 3% 4
dx 9 3

Use the edge rate in the surface-area derivative

Then use the edge rate in the surface-area derivative.

dS _ 1pp 4% _ 1, (3 _ 36
dt_lzxdt_lzx(xz)_ pr

Substitute the edge length
Substitute the edge length after differentiation.

_ ds _ 36 _ 2
x=10 = — = = 3.6 cm?/s




RELATED RATES: A RECTANGLE

Given information

o The length decreases while the width increases. 1
o The negative sign is essential for a decreasing quantity. Y
o dx _ . Ay _ _ _
- =3 cm/min; = =2 cm/min; x=10cm, Yy =6 cm. = - 5
Perimeter Area
The perimeter of a rectangle is The area of a rectangle is
P=2(x+y). A= xy.
Differentiating with respect to time gives DlFFe,uZ:hatmgdwlfh re;pec’c to time gives
x ay
— = y +
2 2<dx dy) 2(-3+2) = -2 cm/min. " - dt |
dt dt  dt dA -
- e 6(-3) +10(2) = 2 cm*/min.

The perimeter decreases.

The area increases even though the length decreases.
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