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If We Wanted To Represent The Decimal Number 0.0009765625 As A Binary Floating Point
Number With An understanding of binary systems and floating point representation standards, we
can delve into the detailed process of converting this specific decimal value into its binary
equivalent. This task involves understanding the fundamental concepts of binary numbers,
normalization, mantissa, exponent, and IEEE 754 standards, which are widely used in computer
systems for representing real numbers efficiently and accurately. In this comprehensive article, we
will explore step-by-step how to convert 0.0009765625 into its binary floating point form, discuss the
underlying principles involved, and explain the significance of such conversions in computing and
digital systems.

Understanding Binary Number System and Floating
Point Representation

The Binary Number System

The binary number system, or base-2 numeral system, uses only two digits: 0 and 1. It is the
foundation of digital electronics and computer systems because digital circuits operate with two
voltage levels, representing binary states. Any decimal number can be converted to binary through
successive division or multiplication techniques.

Floating Point Representation in Computing

Floating point representation is a way to encode real numbers that can support a vast range of
values. It is similar to scientific notation in decimal but adapted for binary. A floating point number
is generally expressed as:

\[ \text{Number} = \text{Sign} \times \text{Mantissa} \times 2" {\text{Exponent}} \]
In binary floating point systems, this is stored as three parts:
- Sign bit: 0 for positive, 1 for negative

- Exponent: stored with a bias
- Mantissa (or significand): normalized fractional part

Converting the Decimal Number 0.0009765625 to



Binary

Step 1: Recognize the Value

The decimal number 0.0009765625 is small, less than 1. To convert it to binary, we need to
understand its fractional part in binary form.

Step 2: Express the Decimal as a Fraction
Notice that 0.0009765625 is a fractional decimal. It can be rewritten as:

\[ 0.0009765625 = \frac{1}{1024} \]

since:

\[ 1024 \times 0.0009765625 = 1 \]

This is a key insight because 1024 is a power of 2:
\[ 1024 = 2~{10} \]

Thus, the decimal number is:

\[ \frac{1}{27{10}}\]

This simplifies the conversion process significantly.

Step 3: Convert the Fraction to Binary

Any fraction with a denominator that is a power of 2 can be easily converted to binary:
\[\frac{1}{27{n}} =27 {-n} \]

which in binary is represented as:

\[ 0.00...01 \text{ with a 1 at the } n~{th} \text{ position after the decimal} \]

For \(\frac{1}{1024}\):

\[ 0.0000000001 \]

where the '1'is in the 11th position after the decimal point (since \(2”~ {10} = 1024\)). Therefore, in
binary:

\[ 0.0000000001 2]

This is a 1 in the 11th fractional position, with zeros elsewhere.



Step 4: Normalize the Binary Fraction

To express this number in normalized scientific notation (as used in floating point representation),
we shift the binary point to the right of the first 1:

\[ 0.0000000001 2 = 1.0 \times 2~{-10} \]

This normalization process is crucial because floating point formats store numbers in this form: a
normalized mantissa and an exponent.

Representing the Number in IEEE 754 Binary Floating
Point Format

The IEEE 754 standard is the most widely used method for floating point representation in
computers. It defines formats such as single precision (32-bit) and double precision (64-bit). Here,
we'll focus on the single-precision format for clarity.

IEEE 754 Single Precision Format
- Sign bit: 1 bit

- Exponent: 8 bits

- Mantissa (fraction): 23 bits

The format looks like:

\[ \text{Sign} | \text{Exponent} | \text{Mantissa} \]

Step 1: Determine the Sign Bit
Since 0.0009765625 is positive:

\[ \text{Sign} = 0]

Step 2: Calculate the Exponent with Bias

In IEEE 754 single precision, the exponent bias is 127. We have normalized the number as:
\[ 1.0 \times 2~{-10} \]

Thus, the stored exponent is:

\[-10 + 127 = 117\]

In binary:

\[ 117 {10} = 01110101 2]



Step 3: Determine the Mantissa

The mantissa is the fractional part after normalization:

\[ 1.0\]

excluding the leading 1 (since it's implicit), the fractional part is zero:
\[ 00000000000000000000000 \]

which is 23 zeros.

Step 4: Assemble the IEEE 754 Representation
Putting it all together:

- Sign bit: 0
- Exponent bits: 01110101
- Mantissa bits: 00000000000000000000000

The 32-bit binary floating point representation is:
\[ 0\,01110101\,00000000000000000000000 \]

or in binary:

\[ 001110101 00000000000000000000000 \]
which in hexadecimal is:

\[ 0x3F800000 \]

Summary of Conversion Process

Here's a summarized step-by-step list:

1. Recognize that 0.0009765625 = 1/1024 = 2"~ {-10}

2. Convert 27 {-10} to binary: 0.0000000001 (with '1' at the 11th position after the decimal)
3. Normalize the binary number: 1.0 x 2~ {-10}

4. Calculate the biased exponent: -10 + 127 = 117 (binary: 01110101)

5. Set the mantissa: remaining fractional bits (all zeros)

6. Construct the IEEE 754 single-precision binary representation: 0 01110101
00000000000000000000000



Significance of Binary Floating Point Representation in
Computing

Understanding how decimal numbers like 0.0009765625 are converted into binary floating point
format is essential for multiple reasons:

- Precision and Accuracy: Ensures that calculations involving fractional numbers are accurate within
the limits of the floating point format.

- Data Storage: Efficiently stores a broad range of values using a standardized format such as IEEE
754.

- Computational Consistency: Allows for consistent numerical computations across different systems
and programming languages.

- Error Handling: Recognizes the limitations and potential rounding errors inherent in floating point
calculations.

Practical Applications of Binary Floating Point
Conversion

The ability to convert decimal to binary floating point numbers is crucial in various fields:

- Scientific Computing: Precise representation of small or large numbers in simulations and
calculations.

- Graphics and Image Processing: Manipulating color values and transformations that require high
precision.

- Financial Calculations: Handling fractional currency amounts with exactness.

- Embedded Systems: Optimizing storage and computation in resource-constrained devices.

Conclusion

Representing the decimal number 0.0009765625 as a binary floating point number involves
understanding the underlying binary system, normalization, and IEEE 754 standards. Through step-
by-step conversion—from recognizing its fractional form, converting to binary, normalizing,
calculating biased exponents, and assembling the final binary representation—we gain insight into
how computers handle real numbers internally. This knowledge not only enhances our
understanding of digital systems but also equips us to develop more precise and efficient algorithms
for numerical computations. Whether working in software development, hardware design, or data
analysis, mastering binary floating point conversions remains a foundational skill in computer
science and engineering.
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Frequently Asked Questions

How do you convert the decimal number 0.0009765625 to
binary?

To convert 0.0009765625 to binary, repeatedly multiply the fractional part by 2 and record the
carry-over: 0.0009765625 x 2 = 0.001953125 (bit 0), then 0.001953125 x 2 = 0.00390625 (bit 0),
continuing until the fractional part becomes zero. The binary representation is 0.0000001, which
corresponds to 1/1024.

What is the binary form of 0.0009765625 in normalized
floating point notation?

The binary form is 1.0 x 2~ {-10}. In normalized form, it is represented as 1.0 with an exponent of
-10.

How is the exponent stored in IEEE 754 single-precision
format for this number?

The exponent bias for single-precision is 127. Since the exponent is -10, the stored exponent is -10 +
127 = 117, which is 01110101 in binary.

What is the significand (mantissa) in the binary
representation of 0.0009765625?

After normalization, the significand is derived from the fractional part of the normalized number 1.0,
so the mantissa is 00000000000000000000000 (23 bits), since the number is exactly 2~ {-10}.

What is the complete IEEE 754 single-precision binary
representation of 0.0009765625?

Sign bit: 0 (positive), exponent: 01110101, mantissa: 00000000000000000000000. Combined, the
32-bit pattern is 0 01110101 00000000000000000000000.



How many bits are used to represent 0.0009765625 in floating
point format?

In IEEE 754 single-precision, 32 bits are used: 1 sign bit, 8 exponent bits, and 23 mantissa bits.

What is the decimal value of the binary floating point number
001110101 00000000000000000000000?

Decoding the components: sign = 0 (positive), exponent = 117 - 127 = -10, mantissa = 1.0 (since the
fractional part is all zeros). Thus, the value is 1.0 x 27 {-10} = 0.0009765625.

Why is understanding binary floating point representation
important for precise calculations?

Because floating point representation can introduce rounding errors and precision limitations,
understanding how numbers are stored helps in designing algorithms that minimize errors in
scientific, engineering, and financial computations.

Additional Resources
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Introduction

In the realm of digital computing, the accurate representation of real numbers is fundamental.
Whether it's scientific calculations, graphics rendering, or data analysis, computers rely on a
standard way to encode decimal numbers into binary formats. One such method is the IEEE 754
floating-point standard, which provides a systematic approach to representing real numbers,
including very small or very large values, in binary form.

Today, we explore how a specific decimal number—0.0009765625—is represented as a binary
floating point number within this standard. To do so, we will dissect the process step-by-step,
covering conversion to binary, normalization, bias addition, and the final encoding. This detailed
journey will not only clarify the mechanics behind floating-point representations but also shed light
on the importance of understanding these concepts in practical computing applications.

Understanding the Decimal Number: 0.0009765625

Before diving into binary conversion, it’s essential to understand the nature of the decimal number
in question.

Decimal to Binary: The Initial Challenge



The number 0.0009765625 is a small decimal value. To convert it into binary floating-point format,
we first need to understand its binary equivalent.

Let’s analyze this number:

- It is less than 1, which means its binary representation will start with a leading zero before the
binary point.
- The goal is to express it as a sum of negative powers of 2.

Step 1: Converting 0.0009765625 to Binary
Recognizing the Pattern

One efficient way to convert a decimal fraction to binary is to repeatedly multiply by 2 and record
whether the product exceeds 1.

Method: Repeated Multiplication
Starting with 0.0009765625:

1. Multiply by 2:
-0.0009765625 x 2 = 0.001953125
- Since less than 1, the first binary digit after the decimal is 0.

2. Multiply the fractional part (0.001953125) by 2:
-0.001953125 x 2 = 0.00390625 - 0

3. Continue this process:
-0.00390625 x 2 = 0.0078125 -0
-0.0078125 x 2 = 0.015625 -0
-0.015625 x 2 =0.03125-0
-0.03125 x 2 =0.0625-0
-0.0625 x2=0.125-0
-0.125x2=0.25-0
-0.25x2=05-0
-0.5x2=10-1

Once the product reaches exactly 1.0, we record a binary '1' and stop, since the fractional part
becomes zero.

Recording the Binary Digits

Now, noting the sequence of the binary digits obtained:

- The first nine multiplications resulted in 0, and the tenth resulted in 1.
This corresponds to a binary fraction:

0.0000000001



Expressed as:

0.0009765625 = 2"~ {-10}

Because:

27{-10} =1/27{10} =1/1024 = 0.0009765625

Conclusion: The decimal number 0.0009765625 in binary is exactly 2~ {-10}.

Step 2: Normalizing the Binary Number

In floating-point representations, numbers are stored in a normalized form, where the binary
number is expressed as:

\[ 1.\text{mantissa} \times 2" {\text{exponent}} \]
for numbers greater than or equal to 1, and for numbers less than 1, the form is:
\[ 1.\text{mantissa} \times 2" {\text{exponent}} \]
by shifting the binary point appropriately.

Since our binary number is:

\[ 27{-10} = 0.0009765625 \]

which can be written as:

\[ 0.0000000001 2\]

To normalize, we need to express this as:

\[ 1.xxxxx \times 2" {\text{exponent}} \]

Shifting the binary point:

- The original binary is at position 2~ {-10}.
- To get a leading 1 before the decimal point, we shift the binary point 10 places to the right.

This gives:

\[ 1.0 \times 2~ {-10} \]

But to match the normalized form (which always has a leading 1), we express the number as:
\[ 1.0 \times 2~{-10} \]

Therefore, the normalized binary representation has:



- Mantissa: 1.0 (but actually, only the fractional part after the leading 1 is stored)
- Exponent: -10

Step 3: Encoding the Exponent with Bias
In the IEEE 754 standard for 32-bit (single-precision) floating point:

- The exponent field is 8 bits.
- The bias is 127.

The actual exponent in our normalized form is -10.
Calculating the stored exponent:

\[
\text{Stored exponent} = \text{actual exponent} + \text{bias} =-10 + 127 =117

\]
Expressed in binary:

- 117 in decimal is:

\[
117 {10} = 01110101 2

\]

Thus, the exponent bits are 8 bits:

Exponent bits: 01110101

Step 4: Constructing the Final Binary Representation
Now, summarizing all parts:

- Sign bit: Since the number is positive, sign bit = 0.

- Exponent bits: 01110101

- Mantissa (Fraction) bits: The fractional part after normalization is all zeros (since the number is
exactly a power of two with no fractional component), so 23 bits of zeros.

Complete 32-bit IEEE 754 representation:
| Sign | Exponent | Mantissa |

i | |
| 0101110101 | 00000000000000000000000 |

Concatenating:



001110101 00000000000000000000000
which in binary is:

001110101 00000000000000000000000
or

0x3C800000 in hexadecimal notation.

Summary: The Final Representation

| Field | Binary Bits | Explanation |

| | I |

| Sign bit | 0 | Number is positive |

| Exponent | 01110101 | 117 in decimal, representing an exponent of -10 |

| Mantissa | 00000000000000000000000 | Fractional part after normalization (zero in this case) |

Practical Significance and Applications

Understanding how a small decimal number is encoded in binary floating point is vital in many areas
of computing. It influences precision, rounding errors, and the ability of systems to handle very small
or very large numbers accurately.

For example:

- Scientific calculations often involve very small numbers like 0.0009765625, which must be
represented precisely to avoid errors.

- Graphics computations rely on floating-point representations for color calculations,
transformations, and more.

- Knowledge of binary encoding helps developers optimize data storage, improve numerical stability,
and troubleshoot computational issues.

Final Thoughts

Representing 0.0009765625 as a binary floating point number involves several systematic
steps—conversion to binary, normalization, bias adjustment, and binary encoding. The exact binary
form, in IEEE 754 single-precision format, is 0x3C800000.

This process exemplifies the elegance and complexity of how computers handle real numbers behind
the scenes. As digital systems grow more sophisticated, a solid grasp of these underlying principles
becomes increasingly valuable, empowering technologists to design, analyze, and troubleshoot the
computational tools that underpin modern life.
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