
Hexadecimal To Binary

From Hex to Bits: A Comprehensive Guide to
Hexadecimal to Binary Conversion

Hexadecimal (base-16) and binary (base-2) are two fundamental number systems in computer
science. Understanding how to convert between them is crucial for anyone working with
computer architecture, programming, or data representation. This article provides a detailed
guide to converting hexadecimal numbers to their binary equivalents, explaining the underlying
principles and providing practical examples.

Understanding the Number Systems

Before delving into the conversion process, let's briefly recap the basics of hexadecimal and
binary.

Binary (Base-2): The binary system uses only two digits, 0 and 1. This aligns perfectly with the
on/off states of electronic circuits, making it the foundational language of computers. Each digit
in a binary number is called a bit. For example, 1011₂ represents (1 × 2³) + (0 × 2²) + (1 × 2¹)
+ (1 × 2⁰) = 11 in decimal.

Hexadecimal (Base-16): The hexadecimal system uses 16 digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B,
C, D, E, F. A, B, C, D, E, and F represent the decimal values 10, 11, 12, 13, 14, and 15
respectively. Hexadecimal is often preferred over binary for representing large binary numbers
due to its compactness. For instance, the binary number 1111₂ is equivalent to F₁₆ in
hexadecimal.
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The Core Conversion Principle: Grouping by
Four

The key to efficiently converting hexadecimal to binary lies in recognizing that each
hexadecimal digit corresponds to a four-bit (a nibble) binary representation. This is because 2⁴
= 16, meaning there are 16 possible combinations of four bits (0000 to 1111), which align
perfectly with the 16 hexadecimal digits.

Step-by-Step Conversion Process

Let's outline the procedure with a specific example: Convert the hexadecimal number A2F₁₆ to
binary.

1. Separate Hexadecimal Digits: Break down the hexadecimal number into its individual digits:
A, 2, and F.

2. Convert Each Digit to Binary: Use the following table to convert each hexadecimal digit into
its four-bit binary equivalent:

| Hexadecimal | Binary |
|---|---|
| 0 | 0000 |
| 1 | 0001 |
| 2 | 0010 |
| 3 | 0011 |
| 4 | 0100 |
| 5 | 0101 |
| 6 | 0110 |
| 7 | 0111 |
| 8 | 1000 |
| 9 | 1001 |
| A | 1010 |
| B | 1011 |
| C | 1100 |
| D | 1101 |
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| E | 1110 |
| F | 1111 |

Therefore:
A₁₆ = 1010₂
2₁₆ = 0010₂
F₁₆ = 1111₂

3. Concatenate the Binary Equivalents: Combine the binary representations of each
hexadecimal digit to obtain the final binary number.

A2F₁₆ = 1010 0010 1111₂

Therefore, the binary representation of A2F₁₆ is 101000101111₂.

Examples with Different Hexadecimal
Numbers

Let's try a few more examples to solidify our understanding:

1B5₁₆:
1₁₆ = 0001₂
B₁₆ = 1011₂
5₁₆ = 0101₂
1B5₁₆ = 0001 1011 0101₂

3E₁₆:
3₁₆ = 0011₂
E₁₆ = 1110₂
3E₁₆ = 0011 1110₂

DEADBEEF₁₆: (A common example used in computer science)
D₁₆ = 1101₂
E₁₆ = 1110₂
A₁₆ = 1010₂
B₁₆ = 1011₂
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F₁₆ = 1111₂
DEADBEEF₁₆ = 1101 1110 1010 1101 1011 1110 1111₂

Utilizing Online Converters and Programming
Languages

While manual conversion is valuable for understanding the process, various online converters
and programming languages offer built-in functions for efficient hexadecimal-to-binary
conversion. These tools are particularly useful when dealing with larger hexadecimal numbers.
Many programming languages, such as Python, C++, and Java, offer functions or libraries for
this purpose.

Summary

Converting hexadecimal to binary is a fundamental skill in computer science. The process relies
on the one-to-one correspondence between each hexadecimal digit and its four-bit binary
equivalent. By separating the hexadecimal digits, converting each to its binary form, and
concatenating the results, we can efficiently translate hexadecimal numbers into their binary
representations. This understanding is crucial for grasping data representation, memory
addressing, and other core computer science concepts.

Frequently Asked Questions (FAQs)

1. Can I convert hexadecimal numbers with fractional parts to binary? Yes, you can. The process
involves converting the integer part and the fractional part separately. The fractional part uses
powers of 2 less than 1 (e.g., 1/2, 1/4, 1/8...).

2. Why is hexadecimal preferred over binary for representing memory addresses? Hexadecimal
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provides a more compact and human-readable representation of large binary numbers
commonly used in memory addresses.

3. What happens if I try to convert a non-hexadecimal character (e.g., 'G')? This will result in an
error as 'G' is not a valid hexadecimal digit.

4. Are there any potential pitfalls in manual hexadecimal-to-binary conversion? The primary
pitfall is making errors in the binary equivalent of each hexadecimal digit. Double-checking your
work is recommended.

5. Where can I find online hexadecimal-to-binary converters? A simple web search for "hex to
binary converter" will yield numerous online tools for this conversion.
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the value of all bits of a 12-bit register that hold the number equivalent to dedmal215 in (a)
binary; (b) binary-coded octal; (c) binary -coded hexadecimal; (d) binary -coded decimal (BCD).
We store cookies data for a seamless user experience.

(Solved) - a.What is the largest binary number that can be … (Provide the value in
hexadecimal i.e., something like 9F2A) sol41: a. The largest binary number that can be
expressed with 16 bits is a sequence of 16 ones, which can be written as 1111111111111111 in
binary. b. To convert the binary number 1111111111111111 to decimal, we can use the
following formula:

1.7 Convert the hexadecimal number 64CD to binary, and then … 21 Jun 2021 · Therefore the
equivalent binary number of hexadecimal number 64CD is (0110 0100 1100 1101) 2. step: 2 of
2. To convert the number from binary to octal, first divide the binary number into group of 3-
digits starting from right to left, then assign the …

C programming Interview questions and answers: Hexadecimal ... Binary number =
11000111110101 Group of four digits from right side: to make group of four digit of left most
digit 11 , add two zero at the left side i.e. 0011

Binary to octal conversion in c - cquestions.com 12. Write a c program to convert binary number
to hexadecimal number. 13. C program for addition of binary numbers . 14. C program for
multiplication of two binary numbers. 15. C program fractional binary conversion from decimal.
16. C program for fractional decimal to binary fraction conversion. 17. C program to convert
decimal number to roman ...

(Get Answer) - Programming Assignment: BISYNC Protocol In this assignment, you will develop a
Python program that formats plain text data into the BISYNC (Binary Synchronous
Communications) protocol format. The program will read hexadecimal encoded data from a file,
apply specific transformations, and save the result in a new file following the BISYNC standards.
Objectives

1. Convert 101 from binary to decimal. Show your work. 2. Convert ... 4 Oct 2022 · 7.
Convert 255 from decimal to binary. Show your work. 8. Convert BAC4 from hexadecimal to
decimal. Show your work. 9. Convert 2AF from hexadecimal to binary. Show your work. 10.
Convert 311 from decimal to hexadecimal. Show your work. 11. Convert your age into binary
and then to hexadecimal. Show your work. 12. Convert AB4F from hexadecimal to ...

Decimal to hexadecimal conversion in c - cquestions.com 12. Write a c program to
convert binary number to hexadecimal number. 13. C program for addition of binary numbers .
14. C program for multiplication of two binary numbers. 15. C program fractional binary
conversion from decimal. 16. C program for fractional decimal to binary fraction conversion. 17.
C program to convert decimal number to roman ...

(Solved) - What is the largest binary number that can be 13 Nov 2021 · The following
program is a list of instructions in hexadecimal code. The computer executes the instructions
starting from address 100. What are the contents of AC and the memory at address 103 when
the computer halts? Location Instruction 100 5103...
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Hexadecimal to binary conversion in c - cquestions.com 12. Write a c program to convert
binary number to hexadecimal number. 13. C program for addition of binary numbers . 14. C
program for multiplication of two binary numbers. 15. C program fractional binary conversion
from decimal. 16. C program for fractional decimal to binary fraction conversion. 17. C program
to convert decimal number to roman ...

Hexadecimal To Binary

From Hex to Bits: A Comprehensive Guide to
Hexadecimal to Binary Conversion

Hexadecimal (base-16) and binary (base-2) are two fundamental number systems in computer
science. Understanding how to convert between them is crucial for anyone working with computer
architecture, programming, or data representation. This article provides a detailed guide to
converting hexadecimal numbers to their binary equivalents, explaining the underlying principles and
providing practical examples.

Understanding the Number Systems

Before delving into the conversion process, let's briefly recap the basics of hexadecimal and binary.

Binary (Base-2): The binary system uses only two digits, 0 and 1. This aligns perfectly with the on/off
states of electronic circuits, making it the foundational language of computers. Each digit in a binary
number is called a bit. For example, 1011₂ represents (1 × 2³) + (0 × 2²) + (1 × 2¹) + (1 × 2⁰) = 11 in
decimal.

Hexadecimal (Base-16): The hexadecimal system uses 16 digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D,
E, F. A, B, C, D, E, and F represent the decimal values 10, 11, 12, 13, 14, and 15 respectively.
Hexadecimal is often preferred over binary for representing large binary numbers due to its
compactness. For instance, the binary number 1111₂ is equivalent to F₁₆ in hexadecimal.
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The Core Conversion Principle: Grouping by Four

The key to efficiently converting hexadecimal to binary lies in recognizing that each hexadecimal digit
corresponds to a four-bit (a nibble) binary representation. This is because 2⁴ = 16, meaning there are
16 possible combinations of four bits (0000 to 1111), which align perfectly with the 16 hexadecimal
digits.

Step-by-Step Conversion Process

Let's outline the procedure with a specific example: Convert the hexadecimal number A2F₁₆ to binary.

1. Separate Hexadecimal Digits: Break down the hexadecimal number into its individual digits: A, 2,
and F.

2. Convert Each Digit to Binary: Use the following table to convert each hexadecimal digit into its four-
bit binary equivalent:

| Hexadecimal | Binary |
|---|---|
| 0 | 0000 |
| 1 | 0001 |
| 2 | 0010 |
| 3 | 0011 |
| 4 | 0100 |
| 5 | 0101 |
| 6 | 0110 |
| 7 | 0111 |
| 8 | 1000 |
| 9 | 1001 |
| A | 1010 |
| B | 1011 |
| C | 1100 |
| D | 1101 |
| E | 1110 |
| F | 1111 |
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Therefore:
A₁₆ = 1010₂
2₁₆ = 0010₂
F₁₆ = 1111₂

3. Concatenate the Binary Equivalents: Combine the binary representations of each hexadecimal digit
to obtain the final binary number.

A2F₁₆ = 1010 0010 1111₂

Therefore, the binary representation of A2F₁₆ is 101000101111₂.

Examples with Different Hexadecimal Numbers

Let's try a few more examples to solidify our understanding:

1B5₁₆:
1₁₆ = 0001₂
B₁₆ = 1011₂
5₁₆ = 0101₂
1B5₁₆ = 0001 1011 0101₂

3E₁₆:
3₁₆ = 0011₂
E₁₆ = 1110₂
3E₁₆ = 0011 1110₂

DEADBEEF₁₆: (A common example used in computer science)
D₁₆ = 1101₂
E₁₆ = 1110₂
A₁₆ = 1010₂
B₁₆ = 1011₂
F₁₆ = 1111₂
DEADBEEF₁₆ = 1101 1110 1010 1101 1011 1110 1111₂
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Utilizing Online Converters and Programming
Languages

While manual conversion is valuable for understanding the process, various online converters and
programming languages offer built-in functions for efficient hexadecimal-to-binary conversion. These
tools are particularly useful when dealing with larger hexadecimal numbers. Many programming
languages, such as Python, C++, and Java, offer functions or libraries for this purpose.

Summary

Converting hexadecimal to binary is a fundamental skill in computer science. The process relies on
the one-to-one correspondence between each hexadecimal digit and its four-bit binary equivalent. By
separating the hexadecimal digits, converting each to its binary form, and concatenating the results,
we can efficiently translate hexadecimal numbers into their binary representations. This
understanding is crucial for grasping data representation, memory addressing, and other core
computer science concepts.

Frequently Asked Questions (FAQs)

1. Can I convert hexadecimal numbers with fractional parts to binary? Yes, you can. The process
involves converting the integer part and the fractional part separately. The fractional part uses
powers of 2 less than 1 (e.g., 1/2, 1/4, 1/8...).

2. Why is hexadecimal preferred over binary for representing memory addresses? Hexadecimal
provides a more compact and human-readable representation of large binary numbers commonly
used in memory addresses.

3. What happens if I try to convert a non-hexadecimal character (e.g., 'G')? This will result in an error
as 'G' is not a valid hexadecimal digit.
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4. Are there any potential pitfalls in manual hexadecimal-to-binary conversion? The primary pitfall is
making errors in the binary equivalent of each hexadecimal digit. Double-checking your work is
recommended.

5. Where can I find online hexadecimal-to-binary converters? A simple web search for "hex to binary
converter" will yield numerous online tools for this conversion.
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(Solved) - Show the value of all bits of a 12-
bit register that hold ... 30 Mar 2025 · Show
the value of all bits of a 12-bit register that hold
the number equivalent to dedmal215 in (a)
binary; (b) binary-coded octal; (c) binary -coded
hexadecimal; (d) binary -coded decimal (BCD).
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experience.

(Solved) - a.What is the largest binary
number that can be … (Provide the value in
hexadecimal i.e., something like 9F2A) sol41: a.
The largest binary number that can be expressed
with 16 bits is a sequence of 16 ones, which can
be written as 1111111111111111 in binary. b. To
convert the binary number 1111111111111111
to decimal, we can use the following formula:

1.7 Convert the hexadecimal number 64CD to
binary, and then … 21 Jun 2021 · Therefore the
equivalent binary number of hexadecimal
number 64CD is (0110 0100 1100 1101) 2. step:

2 of 2. To convert the number from binary to
octal, first divide the binary number into group of
3-digits starting from right to left, then assign the
…

C programming Interview questions and answers:
Hexadecimal ... Binary number =
11000111110101 Group of four digits from right
side: to make group of four digit of left most digit
11 , add two zero at the left side i.e. 0011

Binary to octal conversion in c - cquestions.com
12. Write a c program to convert binary number
to hexadecimal number. 13. C program for
addition of binary numbers . 14. C program for
multiplication of two binary numbers. 15. C
program fractional binary conversion from
decimal. 16. C program for fractional decimal to
binary fraction conversion. 17. C program to
convert decimal number to roman ...

(Get Answer) - Programming Assignment: BISYNC
Protocol In this assignment, you will develop a
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Python program that formats plain text data into
the BISYNC (Binary Synchronous
Communications) protocol format. The program
will read hexadecimal encoded data from a file,
apply specific transformations, and save the
result in a new file following the BISYNC
standards. Objectives

1. Convert 101 from binary to decimal.
Show your work. 2. Convert ... 4 Oct 2022 · 7.
Convert 255 from decimal to binary. Show your
work. 8. Convert BAC4 from hexadecimal to
decimal. Show your work. 9. Convert 2AF from
hexadecimal to binary. Show your work. 10.
Convert 311 from decimal to hexadecimal. Show
your work. 11. Convert your age into binary and
then to hexadecimal. Show your work. 12.
Convert AB4F from hexadecimal to ...

Decimal to hexadecimal conversion in c -
cquestions.com 12. Write a c program to
convert binary number to hexadecimal number.
13. C program for addition of binary numbers .
14. C program for multiplication of two binary

numbers. 15. C program fractional binary
conversion from decimal. 16. C program for
fractional decimal to binary fraction conversion.
17. C program to convert decimal number to
roman ...

(Solved) - What is the largest binary
number that can be 13 Nov 2021 · The
following program is a list of instructions in
hexadecimal code. The computer executes the
instructions starting from address 100. What are
the contents of AC and the memory at address
103 when the computer halts? Location
Instruction 100 5103...

Hexadecimal to binary conversion in c -
cquestions.com 12. Write a c program to
convert binary number to hexadecimal number.
13. C program for addition of binary numbers .
14. C program for multiplication of two binary
numbers. 15. C program fractional binary
conversion from decimal. 16. C program for
fractional decimal to binary fraction conversion.
17. C program to convert decimal number to
roman ...


