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The calculation of the cross product for two vectors in the R programming environment requires

specific approaches because the base installation of R primarily focuses on matrix algebra

operations, such as the dot product or standard matrix multiplication. Contrary to some initial

assumptions, the built-in function crossprod() in R does not compute the vector cross product;

instead, crossprod(A, B) calculates the product $t(A) %*% B$, which yields the scalar dot

product when A and B are simple vectors. Therefore, to correctly determine the vector cross

product--which is defined only for vectors in three-dimensional space ($mathbb{R}^3$) and results

in a third vector perpendicular to the plane containing the original two--we must employ specialized

functions from external packages or define our own custom logic within R.

The cross product is a fundamental operation in vector calculus, providing a result that is both

geometrically significant and essential for physics and engineering applications. When calculating

the cross product of two 3D vectors, the resulting vector's length is equal to the area of the

parallelogram spanned by the two input vectors, and its direction is orthogonal to both input

vectors, adhering to the right-hand rule. This unique characteristic distinguishes it significantly from

the dot product, which always yields a single scalar value. Achieving this operation in R

necessitates moving beyond the standard linear algebra tools native to the language and

incorporating specific numerical methods designed for this specialized vector operation.

Due to the lack of a native 3D vector cross product function in base R, expert users typically rely

on one of two highly effective methodologies. The first method involves installing and utilizing

established functions from comprehensive numerical analysis packages like pracma, which

provides a dedicated cross() function. This is often the preferred route for ensuring numerical

stability and code readability. The second method, preferred by those who wish to avoid external

dependencies or who need to deeply understand the underlying computational process, is to

implement the mathematical formula directly by defining a custom R function. Both pathways

successfully generate the vector result, which is a new vector whose components are calculated

using the algebraic definition of the cross product of the input vectors.

Mathematical Foundation of the 3D Cross Product

The cross product is strictly defined for vectors residing in three-dimensional space. If we assume

we have two vectors, Vector A with elements $(A_1, A_2, A_3)$ and Vector B with elements

$(B_1, B_2, B_3)$, the cross product of these two vectors is defined algebraically by a specific

combination of component multiplications and subtractions. This definition is crucial for

implementation in any programming environment, including R, whether through a custom function

or verification of a package result. The calculation follows a determinant-based pattern that

ensures the resulting vector is perpendicular to the plane formed by A and B.

The formula for calculating the resultant vector components $(C_1, C_2, C_3)$ of the cross
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product $C = A times B$ is derived from the expansion of a $3 times 3$ determinant involving the

unit vectors $mathbf{i}$, $mathbf{j}$, and $mathbf{k}$. This systematic definition ensures that the

output vector is correctly oriented according to the right-hand rule. The resulting components are

calculated as follows:

Cross Product $= $

Understanding this algebraic definition is paramount, as it forms the basis for defining the custom

R function we explore later. Each component calculation is a difference of products of the

corresponding components from the other two dimensions. For instance, the first component

($C_1$) is calculated using only the $A_2, A_3$ and $B_2, B_3$ elements. This structure

highlights the cyclical nature of the operation and is why a direct matrix multiplication approach,

such as A %*% B, cannot be substituted for the true vector cross product calculation.

Manual Calculation Walkthrough

To illustrate the application of the algebraic formula, consider a practical example involving two

simple three-dimensional vectors. This manual calculation serves as a vital benchmark against

which the results obtained from R functions, whether custom or package-based, must be verified.

Utilizing simple, integer-based components often clarifies the structure of the calculation before

moving to complex or floating-point data within the R environment.

Suppose we define the following vectors for our computation:

Vector A: $(1, 2, 3)$

Vector B: $(4, 5, 6)$

We proceed to calculate the cross product of these vectors $A times B$ by systematically plugging

the respective components into the defined formula:

The calculation begins by defining the three components based on the formula:

Component 1 (i-component): $C_1 = ({A_2} cdot {B_3}) - ({A_3} cdot {B_2}) = (2 cdot 6) - (3 cdot

5)$

Component 2 (j-component): $C_2 = ({A_3} cdot {B_1}) - ({A_1} cdot {B_3}) = (3 cdot 4) - (1 cdot

6)$

Component 3 (k-component): $C_3 = ({A_1} cdot {B_2}) - ({A_2} cdot {B_1}) = (1 cdot 5) - (2 cdot

4)$

Executing the multiplication and subtraction steps yields the final components of the resultant

vector:

Component 1: $12 - 15 = -3$
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Component 2: $12 - 6 = 6$

Component 3: $5 - 8 = -3$

The final resultant Cross Product vector is $(-3, 6, -3)$. This result confirms the numerical

outcome expected from any computational method implemented in R.

Choosing the Computational Method in R

When implementing the vector cross product in R, users must decide between two primary

computational strategies. The first, and often simplest, involves leveraging the numerical

capabilities provided by established community packages. The second approach involves directly

encoding the algebraic definition into a user-defined function. Both methods are valid and produce

identical results when correctly implemented, but they carry different implications regarding

dependencies, code length, and computational transparency.

Method 1: Use cross() function from pracma package

The pracma package (Practical Mathematics) is a powerful collection of functions dedicated to

numerical analysis and mathematical computation in R. It includes a specific function, cross(),

designed explicitly to handle the vector cross product in three dimensions. This method is highly

recommended for users who prioritize speed, reliability, and minimal coding effort, as the

underlying implementation within the package is optimized for performance and handles necessary

checks, such as ensuring the input vectors are of length three. To use this method, the package

must first be installed and loaded into the R session.

library(pracma)

#calculate cross product of vectors A and B

cross(A, B)

Method 2: Define your own function

Alternatively, a user can define a custom function that directly translates the algebraic formula into

R code. This method is invaluable for pedagogical purposes or in environments where the

installation of external packages is restricted. It demonstrates a deeper understanding of the

underlying mathematics and provides complete control over the computation. The function

definition provided below is robust, even including checks (via create3D) to handle input vectors

that might be shorter than three dimensions by padding them with zeros, effectively treating them

as vectors in $mathbb{R}^3$.

#define function to calculate cross product

cross <- function(x, y, i=1:3) {
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create3D <- function(x) head(c(x, rep(0, 3)), 3)

x <- create3D(x)

y <- create3D(y)

j <- function(i) (i-1) %% 3+1

return (x*y - x*y)

}

#calculate cross product

cross(A, B)

The following examples demonstrate the practical application of each method, verifying that both

yield the same expected result derived from the manual calculation above.

Utilizing the pracma Package for Cross Product Calculation

The pracma package provides a straightforward and reliable implementation for the vector cross

product. When utilizing external packages in R, it is necessary to first ensure that the package is

installed on the system (using install.packages("pracma")) and then loaded into the current

session via library(pracma). Once loaded, the cross() function becomes available and accepts

two vectors of length three as its arguments. This method is generally preferred in professional

analysis environments where computational efficiency and reliance on vetted package code are

high priorities.

The efficiency of the pracma::cross() function stems from its optimization for numerical tasks,

minimizing potential pitfalls that might arise from manual indexing in custom functions.

Furthermore, using a standard package function enhances code portability and collaboration, as

other R users will immediately recognize the function's purpose and expected behavior. This

standardized approach is often seen in scripts dealing with geometry, physics simulations, or

advanced matrix operations where vector orthogonality must be precisely calculated.

The following script demonstrates the complete process, from loading the library to defining the

input vectors and executing the cross product calculation. Note the clear and concise output

provided by the function, confirming the manually derived result.

Example 1: Using cross() function from pracma package

The following code shows how to use the cross() function from the pracma package to calculate

the cross product between two vectors:

library(pracma)
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#define vectors

A <- c(1, 2, 3)

B <- c(4, 5, 6)

#calculate cross product

cross(A, B)

-3 6 -3

The calculated cross product is the vector $(-3, 6, -3)$.

This numerical result precisely matches the result obtained through the step-by-step manual

calculation performed earlier, validating the accuracy of the pracma package implementation.

Defining a Custom Cross Product Function in R

For users who require maximum control over their R environment or who frequently work in

environments where package installations are restricted, defining a custom function remains the

most robust solution. This approach requires careful translation of the three-component algebraic

formula into R indexing, ensuring that the components are correctly multiplied and subtracted

according to the definition. The custom function presented in Method 2 employs a clever use of

modular arithmetic (%% 3 + 1) to handle the cyclical indexing required by the cross product

formula, generalizing the component calculation within a compact structure.

A notable feature of the provided custom function is the internal create3D helper function. This

function ensures robustness by guaranteeing that both input vectors, x and y, are treated as three-

dimensional vectors, even if the user only supplies two or one element (by padding the remainder

with zeros). This makes the function safer to use across various inputs, as the cross product

operation inherently requires three dimensions to yield a meaningful vector result. Without this

padding, the function would fail for vectors of length less than three.

The core logic lies in the final return statement, which leverages the j function to calculate the

indices cyclically. For $i=1$, $j(i+1)$ results in $2$ and $j(i+2)$ results in $3$, calculating the term

$A_2 B_3 - A_3 B_2$. The function iterates through $i=1:3$ to simultaneously calculate all three

components of the resulting vector, providing an elegant and mathematically faithful representation

of the cross product operation entirely within base R syntax.

Example 2: Defining and Using Your Own Function

The following code demonstrates the complete workflow for defining and executing the custom

cross product function. This approach guarantees that the calculation is performed using only the
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base capabilities of R, making the script entirely self-contained, provided the user defines the

function before attempting the calculation.

#define function to calculate cross product

cross <- function(x, y, i=1:3) {

create3D <- function(x) head(c(x, rep(0, 3)), 3)

x <- create3D(x)

y <- create3D(y)

j <- function(i) (i-1) %% 3+1

return (x*y - x*y)

}

#define vectors

A <- c(1, 2, 3)

B <- c(4, 5, 6)

#calculate cross product

cross(A, B)

-3 6 -3

The resulting cross product vector is confirmed to be $(-3, 6, -3)$.

This output confirms that the custom function successfully replicates the calculations performed by

the pracma package and the initial manual verification, demonstrating the reliability of

implementing the algebraic formula directly in R.

Summary of Approaches and Dimensionality Considerations

In summary, while the base R environment does not provide a direct function for the vector cross

product (as its focus lies on general matrix and linear algebra operations), achieving this

calculation is readily accomplished through either importing the robust pracma::cross() function

or writing a mathematically accurate custom function. Both methods yield the precise three-

dimensional vector result that defines the orientation and magnitude of the resultant orthogonal

vector.

It is crucial to remember the inherent limitation of the cross product: it is mathematically defined

only for three-dimensional vectors. Attempts to apply the standard cross product to vectors in two

dimensions or four or higher dimensions will either result in an error or produce a padded result (as

seen in the custom function) that may not align with generalized outer product definitions in higher

spaces. For $N$-dimensional spaces where $N ne 3$, alternative concepts like the exterior

ARABPSYCHOLOGY.C
OM

https://www.r-project.org/
https://en.wikipedia.org/wiki/Cross_product
https://www.r-project.org/
https://en.wikipedia.org/wiki/Cross_product
https://en.wikipedia.org/wiki/Cross_product
https://en.wikipedia.org/wiki/Matrix_(mathematics)
https://en.wikipedia.org/wiki/Vector_(mathematics_and_physics)
https://scales.arabpsychology.com/?p=102672
https://scales.arabpsychology.com
https://scales.arabpsychology.com


How to Calculate the Cross Product of Two Vectors in R with crossprod() 8

PSYCHOLOGICAL SCALES scales.arabpsychology.com

product or generalized matrix determinants are used, but they fall outside the scope of the

standard vector cross product addressed here.

Choosing between the pracma package and a custom function often boils down to dependency

management versus computational transparency. For most production work, the pracma solution is

superior due to its optimization and professional maintenance. However, understanding the custom

function's logic provides invaluable insight into the mathematical definition and the capabilities of

base R for numerical computation.
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