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In the early 18th century, the landscape of mathematical education and practical science underwent a significant 

transformation. One of the most influential contributors to this era was James Hodgson, a Fellow of the Royal 

Society and the Master of the Royal Mathematical School at Christ’s Hospital. His seminal work, "A System of the 

Mathematics,"published in two volumes in 1723, represents a pivotal moment where the abstract rigor of

Euclidean geometry met the burgeoning needs of global navigation and celestial mechanics. This article provides

an exhaustive technical analysis of the systems described by Hodgson, examining the mathematical frameworks of

the 1700s and their enduring legacy in modern applied mathematics.

1. The Theoretical Framework: Euclidean Geometry as the Foundation

Hodgson’s system begins with a comprehensive treatment of Euclidean geometry. In the 1720s, geometry was

not merely an academic exercise but the prerequisite for all physical sciences. Hodgson restructured the classical

proofs of Euclid to prioritize practical application without sacrificing logical integrity.

The Role of Axiomatic Systems

The first volume of Hodgson’s work focuses heavily on the axiomatic method. By establishing a set of self-evident

truths, Hodgson builds a hierarchical structure of proofs that allow for the calculation of areas, volumes, and the

properties of circles. For 18th-century students, this provided a rigorous mental framework for problem-solving in

engineering and surveying.

Practical Geometry and Mensuration

Beyond theoretical proofs, Hodgson emphasizes mensuration—the science of measurement. This includes the

calculation of irregular shapes and the division of land, which were critical for the agrarian and expanding industrial

economies of the time. The technical breakdown of his geometric system involves:

•  Linear Construction: Precision techniques for bisecting angles and constructing perpendiculars using only a 

straightedge and compass.

•  Area Calculation: Derivations for the areas of polygons, circles, and ellipses, providing the groundwork for 

structural engineering.

•  Volume and Solid Geometry: Analysis of spheres, cones, and cylinders, essential for calculating cargo 

capacities in maritime trade.

2. Trigonometric Principles: Plane and Spherical

A significant portion of Hodgson’s work is dedicated to trigonometry, which he divides into two distinct yet related

branches: Plane and Spherical. This was the "high-tech" mathematics of the 18th century, enabling the exact

positioning of vessels at sea.

Plane Trigonometry in Surveying

Plane trigonometry deals with triangles on a flat surface. Hodgson details the Law of Sines and the Law of 



Cosines, though often expressed through different notation than modern students might recognize. These formulas

allowed surveyors to map distances that could not be physically traversed, such as the width of a river or the height

of a mountain, using angular measurements.

Spherical Trigonometry and the Celestial Sphere

Because the Earth is an oblate spheroid and the heavens appear as a dome, plane trigonometry is insufficient for 

long-distance navigation. Hodgson’s treatment of spherical trigonometry—the study of triangles on the surface of

a sphere—is a masterpiece of technical writing. He explains how the sides of these triangles are not lengths, but

arcs measured in degrees.

The core mathematical engine of this section involves the Spherical Law of Cosines:

cos(a) = cos(b)cos(c) + sin(b)sin(c)cos(A)

Where a, b, and c are the arc lengths of the sides, and A is the angle opposite side a. This formula is fundamental

for determining the shortest distance between two points on the globe (the Great Circle route).

3. Technical Analysis: The Projection of the Sphere

One of the most complex chapters in A System of the Mathematics involves the projection of the sphere. This is 

the process of mapping a 3D spherical surface onto a 2D plane—a necessity for creating accurate charts. Hodgson 

explores two primary methods: Orthographic and Stereographic projections.

Orthographic Projection

In orthographic projection, the point of perspective is at infinity. All projection lines are parallel to each other and

perpendicular to the plane of projection. While this results in significant distortion at the edges of the map, it is

highly useful for astronomical illustrations and certain engineering views.

Stereographic Projection

Stereographic projection is a conformal mapping that projects the sphere from a point on its surface onto a plane 

tangent to the opposite point. This was Hodgson’s preferred method for navigation because it preserves angles—a 

property known as conformality. When a navigator draws a course on a stereographic map, the angle measured

on the map corresponds exactly to the compass heading on the sea.



Feature Orthographic Projection Stereographic Projection

Point of Perspective Infinity A point on the sphere's surface

Angle Preservation No (Highly distorted at edges) Yes (Conformal mapping)

Circle Representation Ellipses (except at center) Always circles or straight lines

Primary Use Astronomy/General Views Navigation/Astrolabes

Visual Distortion Compression at the perimeter Expansion away from the center

4. Astronomy and the Mechanical Use of Globes

Volume 2 of Hodgson's system dives into Astronomy and the Use of the Globes. In 1723, the "mechanical"

solution to mathematical problems was common. Large physical globes (Celestial and Terrestrial) were used as

analog computers to solve complex astronomical equations.

Calculating the Position of Stars

Hodgson provides step-by-step algorithms for determining the Right Ascension and Declinationof stars. By

using the mathematical system he established in the first volume, students could calculate the time of night by

observing the transit of specific stars across the meridian. This required a deep understanding of the Earth’s axial

tilt (the obliquity of the ecliptic), which Hodgson defines with remarkable precision for his time.

The Terrestrial Globe as a Navigation Tool

The terrestrial globe allowed navigators to visualize the rhumb line(a path with constant bearing). Hodgson’s

technical workflows for the globe include:

1.  Finding Latitude: Determining the angle of the North Star (Polaris) above the horizon.

2.  Determining Local Noon: Using a shadow cast by a gnomon to find the exact moment the sun reaches its 

zenith.

3.  Great Circle Sailing: Plotting the shortest path between two ports by stretching a thread across the globe and 

translating those coordinates to a flat map.

5. Practical Implementation: Navigation and the Longitude Problem

The true value of Hodgson's System of the Mathematics was its application to the greatest technical challenge of 

the 18th century: the Longitude Problem. While latitude was easily determined by solar or stellar altitude,

longitude required precise timekeeping or complex lunar distance observations.

The Lunar Distance Method

Hodgson’s mathematical system provided the geometric tools to calculate the distance between the moon and 

certain fixed stars. By comparing the local time of this observation with the time at a reference meridian (like 

London), a navigator could determine their longitude. The technical difficulty lay in the parallactic angle and 

refraction corrections, which Hodgson explains using spherical triangles.

Field Guide: Executing a Navigational Fix

To implement Hodgson's system at sea, a navigator would follow this procedural checklist:



•  Step 1: Use a quadrant or sextant to measure the altitude of the sun at local noon to find latitude.

•  Step 2: Observe the angular distance between the Moon and a known star (e.g., Regulus or Aldebaran).

•  Step 3: Apply trigonometric corrections for atmospheric refraction (which bends light) and parallax (the 

difference in viewing angle from the Earth’s surface vs. its center).

•  Step 4: Consult the mathematical tables provided in Hodgson’s Volume 2 to solve the spherical triangle and 

find the time at the Prime Meridian.

•  Step 5: Calculate the difference between local time and reference time (15 degrees of longitude per hour) to 

find the ship's position.

6. Comparative Analysis: Hodgson vs. Contemporary Mathematicians

James Hodgson’s work did not exist in a vacuum. It was a bridge between the highly theoretical works of Isaac 

Newton and the practical manuals used by merchant sailors. Unlike Newton’s Principia, which was written in Latin 

and focused on universal laws, Hodgson’s System was written in English and focused on "how-to" mechanics.



Metric Hodgson’s System Classical Euclidean 
Elements

Newtonian Calculus 
(Fluxions)

Target Audience Navigators, Engineers, 
Students

Philosophers, Academics Theoretical Physicists

Primary Language English Greek / Latin Latin

Mathematical Focus Applied Trigonometry/
Geometry

Pure Logic/Proofs Rate of Change / Gravity

Use of Diagrams Extensive (16+ foldout 
plates)

Minimal / Geometric only Complex Calculus curves

7. Case Studies in Failure Modes and Troubleshooting

Even with a robust mathematical system, errors in 18th-century application were common. Hodgson addresses

several common failure modes in mathematical execution.

Instrument Error and Calibration

The mathematical precision of a calculation is only as good as the measurement tool. Hodgson discusses the 

index errorin quadrants. If the mirror of the instrument is not perfectly aligned, every subsequent trigonometric

calculation will be biased. His solution involved the "back observation" technique to cancel out instrumental bias.

Computational Errors in Logarithmic Tables

Before calculators, mathematicians used Logarithmic Tables to multiply large numbers (essential for

trigonometry). A single typo in a printed table could lead a ship miles off course. Hodgson was a proponent of

rigorous verification, teaching students to cross-check results using different trigonometric identities (e.g., checking

a Sine-based result against a Cosine-based one).

Historical Preservation Issues

As noted in auction records, many original 1723 copies of Volume 1 and 2 suffer from detached boards and foxing 

(staining). For modern researchers, the challenge is bibliographic troubleshooting—reconstructing the missing

foldout plates or correcting for "slight spotting and browning" that obscures technical diagrams. Digitization efforts

from the University of Michigan and the British Library have been vital in preserving these mathematical workflows.

8. The Engineering Legacy: From 1723 to the Digital Age

While we no longer use physical globes to solve for the time of night, the mathematical DNA of James Hodgson’s 

system remains present in modern technology. The Global Positioning System (GPS)relies on the same

principles of spherical trigonometry and coordinate projection that Hodgson documented three centuries ago.

Algorithms and Modern Software

The step-by-step procedures Hodgson developed for spherical geometry are the direct ancestors of the algorithms 

used in GIS (Geographic Information Systems) software. When a flight path is calculated between London and 

New York today, the software is essentially solving the same equations found in A System of the Mathematics,

albeit at much higher speeds.

The Conformal Property in Web Mapping



Modern web maps (like Google Maps) use a variation of the Mercator projection, which, like Hodgson’s preferred 

stereographic projection, is conformal. The technical priority remains the same: preserving angles for the sake of

navigation, even if it means distorting the size of landmasses near the poles.

James Hodgson’s "A System of the Mathematics"stands as a monumental synthesis of human knowledge. By

codifying Euclidean geometry, mastering the complexities of the celestial sphere, and providing actionable guides

for the use of globes, Hodgson did more than write a textbook; he provided the operating system for the age of

discovery. His work reminds us that technical writing is at its best when it translates the complex, abstract laws of

the universe into practical tools for human advancement. Whether bound in 18th-century calfskin or hosted on a

digital server, the logic of the triangle and the sphere remains the bedrock of our understanding of the world.
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