Quadratic Formula In Physics

Buadratic Equation Application: Projectile Motion
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Quadratic formula in physics plays a crucial role in solving various problems related to
kinematics, dynamics, and other branches of physics. The quadratic formula, typically expressed as
\( x = \frac{-b \pm \sqrt{b”"2 - 4ac}}{2a} \), allows physicists to find the roots of quadratic
equations, which often arise in the context of motion under constant acceleration or when analyzing
projectile motion. This article will delve into the significance of the quadratic formula in physics,
how to derive it, its applications, and some practical examples.

Understanding the Quadratic Formula

The quadratic formula is derived from the standard form of a quadratic equation, which is expressed
as:

\[

ax™2+bx+c=0

\]

where:

-\(a\), \(b)), and \( c\) are constants,
-\( x\) represents the variable.

The solutions to this equation can be found using the quadratic formula, which enables one to
calculate the values of \( x\) that satisfy the equation.

Derivation of the Quadratic Formula

To understand how the quadratic formula is derived, consider the process of completing the square:

1. Start with \(ax~2 + bx +c=0\).



2. Divide all terms by \( a\) (assuming \( a \neq 0 )):

;["2 + \frac{b}{a}x + \frac{c}{a} =0

\3]. Rearrange the equation:

}(["2 + \frac{b}{a}x = -\frac{c}{a}

il]. Complete the square on the left side:

t{eft(x + \frac{b}{2a}\right)"~2 - \left(\frac{b}{2a}\right)"~2 = -\frac{c}{a}
\]

5. Simplify:

\[

\left(x + \frac{b} {2a}\right)"2 = \frac{b"2 - 4ac}{4a"2}
\]

6. Take the square root of both sides:

\[

x + \frac{b}{2a} = \pm \frac{\sqrt{b”2 - 4ac}}{2a}
\]

7. Finally, isolate \( x \):

\[

x = \frac{-b \pm \sqrt{b”"2 - 4ac}}{2a}

\]

This derivation illustrates how the quadratic formula is constructed and sets the foundation for its
application in various physics problems.

Applications of the Quadratic Formula in Physics

The quadratic formula is utilized in several areas of physics, particularly when dealing with
equations of motion. Here are some key applications:

¢ Kinematics: The quadratic formula is often used to solve problems involving the motion of
objects under uniform acceleration, such as free-fall or projectile motion.

e Projectile Motion: When analyzing the trajectory of a projectile, the height of the object at
any time can be modeled by a quadratic equation.

¢ Energy Conservation: In certain energy conservation problems, the quadratic formula can
help determine the velocities of objects at different points in time.

e Circuit Analysis: In electrical circuits, quadratic equations can arise from the application of
Ohm's law and Kirchhoff's rules, especially in RLC circuits.



Kinematic Equations and the Quadratic Formula

In physics, one of the most common scenarios where the quadratic formula is applied is in
kinematics. The kinematic equations describe the motion of an object under constant acceleration,
and one of these equations is:

\[

s =ut + \frac{1}{2}at"2
\]

where:

-\( s ) is the displacement,

-\(u) is the initial velocity,

-\(a\) is the acceleration,
\(t\) is the time.

Rearranging this equation gives:
\[

\frac{1}{2}at™2 +ut-s=0

\]

This is a quadratic equation in the form of \( at~2 + bt + ¢ = 0 ), where:
-\(a =\frac{1}{2}a)\),

-\(b=1u)),

-\(c=-s\).

Using the quadratic formula, we can find the time(s) \( t\) it takes for the object to reach a certain
displacement \( s \).

Examples of the Quadratic Formula in Physics

To illustrate the application of the quadratic formula in physics, let's consider a couple of practical
examples.

Example 1: Free-Fall Motion

Imagine an object is dropped from a height of 80 meters. We want to find out how long it takes to hit
the ground. The motion can be modeled with the following equation:

\[
0 =-\frac{1}{2}gt”2 +h
\]

Substituting \( g \approx 9.81 \, \text{m/s}~2\) and \( h = 80\, \text{m} \):



\[
0=-4.905t"2 + 80

\]

Rearranging gives:

\[
4.905t"2 = 80 \implies t~2 = \frac{80}{4.905} \implies t~2 \approx 16.28
\]

Taking the square root:

\[
t \approx 4.03 \text{ seconds}
\]

Thus, it takes approximately 4.03 seconds for the object to hit the ground.

Example 2: Projectile Motion

Consider a ball thrown vertically upwards with an initial velocity of 20 m/s. We want to determine
how long it will take to reach its maximum height. The height \( h \) as a function of time \( t\) is
given by:

\[

h =ut - \frac{1}{2}gt"2

\]

Setting \( h = 0) to find when the ball returns to the initial height:

\[
0 = -\frac{1}{2}gt™2 + ut
\]

Substituting \( g = 9.81 \, \text{m/s}"~2\) and \(u = 20\, \text{m/s} \):

\[
0=-4.905t"2 + 20t

\]
Factoring out \( t\):

\[
t(20 - 4.905t) = 0
\]

This yields \(t = 0\) or \( t = \frac{20}{4.905} \approx 4.07 \) seconds. Thus, it will take
approximately 4.07 seconds for the ball to reach its maximum height.



Conclusion

The quadratic formula in physics is an indispensable tool for solving a wide range of problems
related to motion and other physical phenomena. By understanding its derivation and applications,
students and professionals alike can utilize this powerful formula to analyze complex situations and
gain insights into the behavior of objects under various conditions. Whether in kinematics, energy
analysis, or circuit problems, mastering the quadratic formula is vital for anyone looking to deepen
their understanding of physics.

Frequently Asked Questions

What is the quadratic formula used for in physics?

The quadratic formula is used to solve quadratic equations that arise in various physics problems,
such as projectile motion, where the trajectory can be modeled by a quadratic equation.

How is the quadratic formula expressed mathematically?

The quadratic formula is expressed as x = (-b £ vV(b? - 4ac)) / (2a), where ax? + bx + ¢ = 0 is the
standard form of a quadratic equation.

Can the quadratic formula help in determining the maximum
height of a projectile?

Yes, by setting the height equation of a projectile to zero and using the quadratic formula, you can
find the time at which the maximum height occurs.

What parameters are needed to apply the quadratic formula to
a physics problem?

You need the coefficients a, b, and ¢ from the quadratic equation that represents the physical
scenario, such as motion equations.

In what type of motion does the quadratic formula frequently
appear?

The quadratic formula frequently appears in uniformly accelerated motion problems, such as free
fall or projectile motion.

How can the quadratic formula be applied to calculate the
range of a projectile?

You can derive the range equation from the projectile motion equations and set it equal to zero, then
use the quadratic formula to solve for the launch angle or time.



What does the discriminant (b2 - 4ac) indicate in physics
problems?

The discriminant indicates the nature of the roots of the quadratic equation: if it's positive, there are
two real solutions; if zero, one real solution; and if negative, no real solutions.

Can the quadratic formula be used in energy conservation
problems?

Yes, the quadratic formula can be used in energy conservation problems when you have equations
that can be rearranged into a quadratic form, such as when calculating kinetic and potential energy.

What is an example of a quadratic equation in kinematics?

An example is the equation of motion s = ut + (1/2)at?, which can be rearranged to form a quadratic
equation in terms of time t.

Is the quadratic formula applicable in thermodynamics?

While less common, the quadratic formula can be applicable in thermodynamics when dealing with
equations that can be modeled as quadratic, such as certain equations of state under specific
conditions.
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