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The Continuous Uniform Distribution is a fundamental probability distribution in which every

possible value between a defined interval from a to b is equally likely to occur.

This sophisticated calculator is designed to accurately determine the probability of obtaining a
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specific outcome--a value falling between a lower bound (x1) and an upper bound (x2)--within the
parameters of a defined uniform distribution.

To utilize this powerful statistical tool, simply input the required parameters into the fields provided
below and initiate the computation using the "Calculate" button.

Introduction to the Continuous Uniform Distribution

The continuous uniform distribution, often recognized as the rectangular distribution, serves as a
cornerstone concept in probability theory and applied statistics. It is utilized to model scenarios
where a continuous random variable is constrained to a specific, finite range, and crucially, has the

same chance of manifesting any value within that span. This egalitarian characteristic distinguishes
it from distributions like the Gaussian or Exponential distributions, where outcomes are typically
biased toward a central tendency or a minimum value.

The definition of this distribution relies exclusively on two boundary parameters: a, representing the
minimum possible value, and b, representing the maximum possible value. These parameters
establish the domain over which the distribution possesses non-zero probability density. Any
observation falling outside the closed interval has zero probability. Within these borders, the
constancy of the probability density confirms the principle of equal likelihood for all values. This
simplicity makes the continuous Uniform Distribution an invaluable model for processes exhibiting

true randomness or maximum uncertainty over a fixed domain.

The utility of the Uniform Distribution Calculator stems from its ability to efficiently compute the
likelihood of an event occurring within a specific sub-range $$ that is enclosed by the distribution's
overall range $$. Because the underlying density is fixed, the probability calculation simplifies
significantly. It becomes a straightforward ratio comparing the length of the interval of interest
$(x_2 - x_1)$ to the overall length of the distribution's domain $(b - a)$. This geometric
interpretation provides a clear, intuitive foundation for understanding the resultant probability.

The Probability Density Function (PDF) and Its Shape

To fully describe the behavior of a continuous random variable, one must reference its Probability
Density Function (PDF). For the continuous Uniform Distribution over the interval , the PDF,
symbolized as $f(x)$, is constant throughout the defined range. This density value represents the
height of the rectangular shape characteristic of this distribution. Statistical necessity dictates that

the total area beneath the PDF curve must integrate to exactly 1, representing 100% of all possible
outcomes.

Since the base of the distribution is defined by the length $(b - a)$, the constant height must be the
reciprocal of this length to ensure the area equals one. The formal mathematical definition for the
PDE is thus given by:
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fx)=1/(b-a)fora<x<b
f(x) = 0 otherwise

This formula confirms that the density remains identical for every point between the lower and
upper bounds. It is this unique property of constant density that ensures the probability of a value
falling into any sub-interval is directly proportional only to the relative size of that sub-interval. It is
important to note that for a continuous random variable, the density $f(x)$ is not the probability

itself, but rather the relative likelihood of the variable taking a value near $x$. The probability is
always calculated over a range.

Deriving the Probability Calculation Formula

The core function of this calculator is to determine the probability $P(x_1 le X le x_2)$, assuming
the interval $$ is contained within the bounds $$. In continuous probability, calculating the
probability within a range involves integrating the PDF over that range. However, due to the
constant nature of the uniform PDF, this integration simplifies into a simple geometric area
calculation.

The probability we seek corresponds to the area of a smaller rectangle that starts at $x_1$ and
ends at $x_2%. The width of this sub-rectangle is $(x_2 - x_1)$. The height is fixed by the
distribution's density, $1/(b - a)$. Therefore, the probability is calculated as the product of the width
and height:

P(x1 < X £ x2) = Area of Sub-rectangle
P(x1<X<x2)=(x2-x1) x
Px1l<X<x2)=(x2-x1)/(b-a)

This formula succinctly captures the logic: the probability is the fraction of the total distribution
length that is covered by the interval of interest. The Uniform Distribution Calculator automates
this calculation, making it unnecessary for users to manually apply the formula, provided they input
the necessary parameters correctly.

Defining the Input Parameters for Calculation

Accurate utilization of the calculator requires precise definition of the four necessary input values.
These parameters establish both the total domain of the random variable and the specific event
being investigated. They are organized into two distinct sets: the distribution parameters and the
event parameters.
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Distribution Parameters (Defining the total range):

a (lower limit of distribution): This integer or real number defines the absolute minimum value
that the continuous random variable X can possibly assume. It forms the left edge of the

distribution's boundary.

b (upper limit of distribution): This defines the absolute maximum value X can take. It forms the
right edge of the distribution's boundary. Mathematically, it is essential that $b > a$ for the
distribution to be valid.

Event Parameters (Defining the sub-interval of interest):

x1 (lower value of interest): This is the starting point of the specific sub-interval for which the
probability is being sought. It must satisfy $a le x_1$.

x2 (upper value of interest): This is the endpoint of the specific sub-interval. It must satisfy $x_2
le b$. Furthermore, $x_1$ must be less than or equal to $x_2$.

a (lower limit of distribution)
b (upper limit of distribution)
x1 (lower value of interest)

X2 (upper value of interest)

Understanding Central Tendency: Mean and Variance

Beyond calculating specific probabilities, it is important to understand the overall characteristics of
the Uniform Distribution. The key statistical measures--the mean and the variance--offer insight

into the distribution's central location and its inherent variability.

The mean ($mu$), or expected value, of a uniform distribution is the point around which the
distribution is perfectly balanced. Given the symmetrical, rectangular shape, the mean must
logically reside exactly halfway between the boundaries a and b. This makes the calculation
exceptionally simple:

p=(@a+h)/2

The variance ($sigma”2$) quantifies the degree of spread or dispersion of the random variable
around its mean. A larger variance indicates a wider distribution. For the uniform distribution, the
variance is calculated using the length of the total interval $(b - a)$:
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02=(b-a)?/12

These measures are essential for comparing the uniform distribution to other probability distribution

models and for verifying the results obtained through simulation or complex statistical modeling.

Practical Applications Across Disciplines

The continuous uniform distribution is widely applied across various fields, especially where
modeling randomness or providing a foundational, non-informative probability model is required. Its
primary use is foundational in computing and simulation. Many computational algorithms designed
to generate synthetic random numbers inherently produce values that follow a uniform distribution
over the interval $$.

In fields such as operations research and queuing theory, the uniform distribution is often used
when modeling uncertain durations, such as the time a customer spends waiting or the duration of
a repair task, provided there is no evidence suggesting certain times are more likely than others
within a known range. For example, if a machine's processing time is known to be uniformly
distributed between 5 and 10 minutes, the distribution $U(5, 10)$ applies. The calculator then
allows engineers to determine probabilities, such as the chance the process takes less than 7
minutes.

Furthermore, in encryption and secure communication, uniformity is a goal. Generating
cryptographic keys or initializing random seeds requires assurance that the resulting values are
truly uniformly distributed, preventing attackers from predicting outcomes based on patterns or
biases in the generator. In these applications, the calculator helps quantify the likelihood of specific
random outputs falling into prescribed ranges.

Interpreting the Final Probability Output

After the calculator processes the inputs a, b, x1, and x2, the result is displayed as the probability
$P(x_1 le X le x_2)$. This numerical output is a decimal value between 0 and 1. A result closer to
1 indicates a high certainty that the random variable X will land within the sub-interval $$, while a
value closer to O indicates a low certainty.

For illustration, if a distribution is uniform over $U(10, 50)$, meaning $a=10%$ and $b=50%, and the
calculated probability for $P(20 le X le 30)$ is $0.25$, this signifies that 25% of the total area of the
distribution lies within the interval of 20 to 30. This result means that for any single random draw
from this distribution, there is a one-in-four chance that the value will fall within the specified range.
The output is typically fixed to five decimal places to maintain a high degree of precision necessary
for statistical reporting.
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Probability: 0.31579

The Underlying Calculation Logic of the Tool

The reliability and speed of the Uniform Distribution Calculator are underpinned by a simple yet
robust piece of code that implements the ratio formula described previously. This functional
transparency is essential for users requiring assurance regarding the integrity of the statistical tool
they are employing.

The following snippet represents the core calculation function. It retrieves the numerical values
assigned to the HTML input fields, ensuring they are treated as numeric types, and then executes
the fundamental formula $P = (x_2 - x_1) / (b - a)$. The function concludes by formatting the
output to a standard five decimal places before displaying the result to the user.

function calc() {

/lget input values

var a = document.getElementByld(‘a’).value*1;
var b = document.getElementByld('b").value*1,;
var x1 = document.getElementByld('x1").value*1;
var x2 = document.getElementByld('x2").value*1;

/[find probability
var prob = (x2-x1)/(b-a);

/loutput
document.getElementByld('prob’).innerHTML = prob.toFixed(5);

}

This automated approach eliminates the potential for human error in manual calculation, making
the tool an indispensable resource for students, researchers, and professionals working with
continuous random variables and the principles of the Probability Density Function.
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