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Rate of Measure

X A J j

Understanding Change

Derivatives measure how one quantity changes with

D R respect to another. In JEE Mains, this concept is crucial for
solving problems involving related rates.

The derivative dy/dx represents the instantaneous rate of
change of y with respect to x.

"

Stepl Step 2 Step 3
Identify the relationship between Differentiate implicitly with respect Substitute known values and solve
variables using given equations to time or another variable for the unknown rate
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Derivative as a Rate of Change

The derivative is the mathematical tool used to measure how one quantity changes with respect to another. In the context
of calculus for JEE Mains, it quantifies the sensitivity of a function's output to changes in its input.

Average Rate of Change From Average to Instantaneous
The average rate of change over an interval is defined as: To find the instantaneous rate of change, we shrink the
interval Ax towards zero. This transition is governed by
Ay _ f(z2) — f(z1) the limit concept:
Azx To — T1
i Ay
. . lm -
Here, Ax represents the change in input, and Ay represents Az—0 Az

the corresponding change in output. It measures the net
change per unit over a Speciﬁc interval. As Ax becomes |nf|n|teS|maIIy small, the average rate

approaches the precise rate at a single point.

Definition of Derivative

The derivative is formally defined as the limit of the average rate of change as the interval length approaches zero:
dy

dy _ . flz+Az) — f(o)
dr  Az—0 Az

This expression gives us the instantaneous rate of change of y with respect to x at any specific value of x.

Interpretation and Geometric Meaning

Beyond its physical interpretation as a velocity or growth rate, the derivative dy/dx has a clear geometric meaning: it
represents the slope of the tangent line to the curve at point x. It tells us exactly how steep the function is at that specific
moment.

D Key Takeaway: While the averagerate of change provides the slope of a secant line connecting two points on a
graph, the instantaneous rate of change (derivative) provides the slope of the tangent line at a single point,
offering a precise look at local behavior.
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JEE Main 2020 ,3 Sept-II- Rate of Change Problem

[ Problem Statement: If the surface area of a cube is increasing at a rate of 3.6 cm2/sec while retaining its shape,
find the rate of change of its volume (in cm3/sec) when the length of a side of the cube is 10 cm.

Question: What is the rate of change of volume at that moment?
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Tangents and Normals

The derivative f'(x) gives the slope of the tangent line to the curvey -
f(x) at any point.

Tangent Line

Equation: y - y; = m(x - x4), where m = f'(x,)

Normal Line

Perpendicular to tangent, slope - -1/f'(x;)

Key Point

At points where f'(x) = 0, tangent is horizontal; where f'(x) is
undefined, tangent is vertical

Made with GAMIMNA



https://gamma.app/?utm_source=made-with-gamma

What are Tangent and Normal?

In calculus, we study the behavior of curves and aim to understand their direction and rate of change at specific, individual
points.

Two Important Lines

Tangent line: A line that touches the curve at a single
point, representing the instantaneous direction or
slope of the curve at that location.

Normal line: A line that is perpendicular to the
tangent line at the point of contact, representing the
direction of the steepest ascent or descent
perpendicular to the curve.
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