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Understanding the nature of functions is fundamental in mathematics, especially when analyzing their
behavior, domain, range, and applications. The given function \( H(x) = [x] + 4 \) involves the greatest
integer function, also known as the floor function. To determine whether \( H(x) \) qualifies as a constant
function, a greatest integer function, or a direct variation function, we need to explore the properties,
definitions, and characteristics of each category in detail.

In this article, we will dissect the function \( H(x) = [x] + 4 \), analyze its behavior across different values of
\( x \), and classify it accordingly. This exploration will enhance understanding of how the greatest integer
function influences the overall nature of \( H(x) \), and how it compares to other types of functions.

---

Understanding the Components of the Function \( H(x) = [x] + 4
\)

The Greatest Integer Function (Floor Function)

The greatest integer function, denoted as \([x]\), is a function that assigns to each real number \( x \) the
greatest integer less than or equal to \( x \). It is formally defined as:

\[
[x] = \text{the largest integer } n \text{ such that } n \leq x
\]

Properties of the Greatest Integer Function:

- Stepwise nature: The function is constant within intervals between integers and jumps at integer points.
- Discontinuities: It has jump discontinuities at integer points.
- Range: The range is all integers (\( \mathbb{Z} \)).
- Domain: The domain is all real numbers (\( \mathbb{R} \)).



Graphical Representation:

The graph of \([x]\) consists of horizontal line segments from \( n \) to \( n+1 \) (excluding the endpoint \(
n+1 \)), with jumps at integers.

---

Analyzing \( H(x) = [x] + 4 \)

Step 1: Understanding the Effect of Adding 4

Adding 4 to \([x]\) shifts the entire graph of the greatest integer function vertically upward by 4 units.
This operation does not affect the stepwise or discontinuous nature but simply raises each value by 4.

Mathematically:

\[
H(x) = [x] + 4
\]

- For any real number \( x \), the value of \( H(x) \) is the greatest integer less than or equal to \( x \), plus
4.

Example:

- If \( x = 2.7 \), then \([x] = 2\), so \( H(2.7) = 2 + 4 = 6 \).
- If \( x = -1.3 \), then \([x] = -2\), so \( H(-1.3) = -2 + 4 = 2 \).

---

Step 2: Behavior of \( H(x) \) Across Domains

Since \([x]\) is constant on intervals \( [n, n+1) \) for integers \( n \), \( H(x) \) inherits this property:

\[
H(x) = n + 4, \quad \text{for } x \in [n, n+1)
\]



where \( n \in \mathbb{Z} \).

Implications:

- \( H(x) \) is piecewise constant, with jumps at integer values of \( x \).
- The constant value on each interval is \( n + 4 \).
- The function exhibits discontinuities at points \( x = n \), where \( n \in \mathbb{Z} \).

Graphical interpretation:

- The graph consists of horizontal line segments at \( y = n + 4 \) for \( x \in [n, n+1) \).
- At each integer \( x = n \), the function jumps from \( n + 4 \) to \( (n+1) + 4 = n + 5 \).

---

Classifying \( H(x) \): Is It a Constant Function, Greatest Integer
Function, or Direct Variation Function?

Option A: Constant Function

A constant function is defined as a function where the output value is the same for all inputs:

\[
f(x) = c, \quad \text{for some constant } c
\]

Does \( H(x) \) qualify?

- Since \( H(x) \) takes on different values depending on \( x \), specifically jumps at integers, it is not
constant.
- For example, \( H(0.5) = 4 \), \( H(1.2) = 5 \), \( H(-0.7) = 3 \), which are different values.

Conclusion:
\( H(x) \) is not a constant function.

---



Option B: Greatest Integer Function (Floor Function)

- The core component of \( H(x) \) is \([x]\), the greatest integer function.
- Since \( H(x) = [x] + 4 \), it is essentially the greatest integer function shifted vertically.

Is \( H(x) \) a greatest integer function?

- Yes, because it is a transformation of \([x]\), involving only a vertical shift.
- The defining characteristic (stepwise, jumps at integers) remains.

Therefore:

- \( H(x) \) is a greatest integer function shifted upward by 4 units.

Summary:

- \( H(x) \) inherits the properties of the greatest integer function, such as discontinuities at integers and
stepwise constancy.

---

Option C: Direct Variation Function

A direct variation function has the form:

\[
f(x) = kx, \quad \text{where } k \text{ is a constant}
\]

It exhibits:

- Linearity,
- Passes through the origin (\( 0, 0 \)),
- The ratio \( \frac{f(x)}{x} = k \) is constant for all \( x \neq 0 \).

Does \( H(x) \) fit this?

- Since \( H(x) \) is stepwise constant with jumps, it is not linear.
- It does not pass through the origin in a linear manner.
- The ratio \( \frac{H(x)}{x} \) is not constant; it varies depending on \( x \).



Conclusion:

- \( H(x) \) is not a direct variation function.

---

Final Classification of \( H(x) = [x] + 4 \)

Based on the above analysis:

- It is not a constant function, since it varies between steps.
- It is a greatest integer function shifted vertically, which characterizes it as a stepwise, discontinuous
function with jumps at integers.
- It is not a direct variation function because it is not linear nor passes through the origin in the form of \( y
= kx \).

Therefore, the most appropriate classification is:

B. Greatest Integer Function

---

Additional Insights and Applications

Graphical Representation

The graph of \( H(x) = [x] + 4 \) is a classic step function consisting of horizontal segments:

- For each integer \( n \), the segment from \( x = n \) to \( x = n+1 \) is at \( y = n + 4 \),
- The function jumps at \( x = n+1 \) from \( y = n + 4 \) to \( y = n + 5 \).

This stepwise pattern makes it useful in modeling situations where quantities change discretely, such as:

- Tax brackets,
- Rounding operations,
- Piecewise constant signals in digital systems.



Mathematical Significance

Understanding the greatest integer function and its transformations like \( [x] + c \) is essential in:

- Discrete mathematics,
- Number theory,
- Computer science algorithms involving rounding or discretization.

Key Properties Recap

- Discontinuities: At all integers \( x \),
- Range: All integers shifted by 4, i.e., \( \{ n + 4 \mid n \in \mathbb{Z} \} \),
- Periodicity: No, but it repeats its pattern in jumps at every integer.

---

Summary

The function \( H(x) = [x] + 4 \) is best classified as a Greatest Integer Function (also called the floor
function) shifted vertically by 4 units. It is characterized by its stepwise, discontinuous nature, with
constant values on intervals between integers and jumps at integer points. It does not qualify as a constant
function, nor does it exhibit the properties of a direct variation function.

Understanding this classification helps in analyzing the function's behavior, graphing it accurately, and
applying it in real-world scenarios where discrete changes occur. Recognizing the properties and nature of
such functions

Frequently Asked Questions

What is the definition of the function H(x) = [x] + 4?
H(x) = [x] + 4 is a function that adds 4 to the greatest integer less than or equal to x, representing the
Greatest Integer Function shifted upward by 4.

How can you identify that H(x) = [x] + 4 is the Greatest Integer



Function?
Since H(x) involves the greatest integer function [x], which returns the greatest integer less than or equal
to x, adding 4 shifts its output upward, confirming it as a Greatest Integer Function.

Is H(x) = [x] + 4 a constant function?
No, H(x) = [x] + 4 is not a constant function because its value changes at each integer value of x, increasing
by 1 at each integer point.

Does H(x) = [x] + 4 exhibit direct variation?
No, H(x) = [x] + 4 does not exhibit direct variation because it is a step function, not a linear function passing
through the origin.

What is the graph of H(x) = [x] + 4 like?
The graph consists of horizontal line segments between integers, each shifted upward by 4, with jumps at
each integer point, characteristic of the Greatest Integer Function.

How does the function H(x) = [x] + 4 differ from a constant function?
Unlike a constant function that has a fixed output for all inputs, H(x) changes its value at each integer,
reflecting the nature of the Greatest Integer Function plus a constant shift.

Additional Resources
Identify H(x) = [x] + 4: An In-Depth Analysis

Understanding the function H(x) = [x] + 4 requires a deep dive into the properties of the greatest integer
function, its behavior, and how it relates to the options of constant functions, greatest integer functions, and
direct variation functions. This review aims to thoroughly explore these concepts, clarifying which
classification best fits H(x).

---

Introduction to the Function H(x) = [x] + 4

At the core of this analysis lies the function:



\[ H(x) = [x] + 4 \]

where [x] denotes the greatest integer function (also known as the floor function). This function takes any
real number x, finds the greatest integer less than or equal to x, then adds 4 to that value.

Key aspects to examine include:

- The behavior and graph of H(x)
- Its properties related to constant functions
- Its relation to the greatest integer function
- Whether it exhibits characteristics of direct variation functions

---

Understanding the Greatest Integer Function

Definition and Notation

The greatest integer function [x], also known as the floor function, is defined as:

\[ [x] = \text{the greatest integer less than or equal to } x \]

For example:

- [3.7] = 3
- [-2.3] = -3
- [5] = 5

This function maps real numbers to integers and is piecewise constant, with jumps at integer points.

Properties of [x]

- Stepwise Behavior: [x] remains constant over intervals between integers:
\[ n \leq x < n + 1 \Rightarrow [x] = n \]
- Discontinuities: The function has jump discontinuities at each integer point.
- Monotonicity: [x] is non-decreasing over \(\mathbb{R}\).
- Periodicity: Not periodic, but exhibits repeating step patterns.



Graphical Representation

The graph of [x] is a staircase pattern, with horizontal steps of length 1 and height corresponding to the
integer value. It jumps at each integer point, increasing by 1.

---

Analyzing H(x) = [x] + 4

Adding 4 shifts the entire [x] graph upward by 4 units. The function H(x) inherits the stepwise,
discontinuous nature of [x], but with shifted values.

Key Characteristics

- Piecewise Constant: Over each interval \([n, n+1)\), H(x) remains constant at \(n + 4\).
- Discontinuities: At integer points, H(x) jumps from \(n + 4\) to \((n+1) + 4\).
- Range: The range of H(x) is all integers shifted by 4:
\[ \{ ..., n + 4, n + 4, ... \} \]
- Domain: All real numbers \(\mathbb{R}\).

Graphical Behavior

The graph resembles a staircase starting at \(-\infty\) with steps at each integer value of x, each step
horizontal over \([n, n+1)\), and jumping upward at integers.

---

Classifying H(x): Which Type of Function Is It?

Let's examine the options carefully:

A. Constant Function

- Definition: A function is constant if it has the same value for all x in its domain.



- Evaluation for H(x): Since H(x) changes value at each integer (jumps from \(n+4\) to \((n+1)+4\)), it is not
constant over the entire real line.
- Conclusion: H(x) is not a constant function.

B. Greatest Integer Function

- Definition: The greatest integer function [x] is a stepwise function with
jumps at integers. The given H(x) is [x] shifted vertically.
- Evaluation: Since H(x) = [x] + 4, it retains the stepwise, discontinuous
structure characteristic of the greatest integer function, just shifted
upward.
- Conclusion: H(x) is a greatest integer function shifted vertically.

C. Direct Variation Function

- Definition: A function exhibits direct variation if it can be expressed as
\(H(x) = kx\), where \(k\) is a constant, and has the property \(H(tx) =
tH(x)\) for all \(t\).
- Evaluation of H(x): Since H(x) is a step function with jumps at integers,
it does not follow the linear form \(kx\). Its values are piecewise constant,
not proportional to x.
- Conclusion: H(x) is not a direct variation function.

---

Deep Dive into the Nature of H(x)



Is H(x) a Constant Function?

Since the value of H(x) changes at each integer point, it cannot be
classified as constant. It is piecewise constant, with different constant
values over each interval, but not the same everywhere.

Summary:

- Constant functions have the same output for all inputs.
- H(x) varies at each integer, therefore it cannot be constant.

Is H(x) a Greatest Integer Function?

Given that H(x) is essentially [x] shifted by +4, it maintains the stepwise,
discontinuous nature of the greatest integer function. Its graph is a series
of horizontal segments with jumps at integer points, just like [x].

Key points:

- The structure of H(x) mirrors [x], just shifted vertically.
- The defining characteristic of the greatest integer function is its
stepwise, discontinuous nature.
- H(x) fits neatly into this category.

Is H(x) a Direct Variation Function?



Direct variation functions are linear, passing through the origin (or
proportional to x). H(x) is not linear; it's a piecewise constant function
with jumps, and does not satisfy the proportionality condition:

\[ H(tx) = t H(x) \]

for all t and x.

Conclusion:

- H(x) does not display the properties of direct variation functions.

---

Implications and Applications

Understanding the classification of H(x) has practical implications:

- In Discrete Mathematics: Recognizing step functions like H(x) helps
model phenomena that change at specific points, such as counting
processes or quantization.
- In Computer Science: H(x) can represent scenarios like integer division
or binning data.
- In Engineering: Step functions are used in control systems and signal
processing to model on-off states.



---

Graphical Visualization and Key Points

Visualizing H(x):

- The graph exhibits horizontal segments at each integer \(n + 4\) for \(x
\in [n, n+1)\).
- Jumps occur at integer points where the function increases by 1.
- The overall shape is a staircase ascending infinitely as x increases.

Important points:

- For \(x \in [n, n+1)\), \(H(x) = n + 4\).
- Discontinuities at integers \(x = n\), where \(H(n) = n + 4\) (approach
from the left) and jumps to \((n+1) + 4\) at \(x=n+1\).

---

Summary and Final Classification

Based on the detailed analysis:

- H(x) = [x] + 4 is not a constant function because its value varies over the



domain.
- It is a greatest integer function shifted vertically.
- It is not a direct variation function because it is not linear or proportional
to x.

Therefore, the correct classification of H(x) is:

B. Greatest Integer Function

---

Conclusion

H(x) = [x] + 4 is a classic example of a shifted greatest integer function,
showcasing the characteristic stepwise, discontinuous behavior that
defines this class of functions. Recognizing this helps in understanding
piecewise functions, their graphs, and their applications across various
fields. The function’s behavior underlines the importance of
understanding the properties of the floor function, especially when
analyzing functions that involve integer parts and their transformations.

In summary:

- H(x) is a shifted greatest integer function.
- It exhibits stepwise, discontinuous behavior.
- It is not constant nor a linear function.



- Its structure is fundamental in discrete mathematics and various applied
disciplines.

---

End of Analysis
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