CAREERS THROUGH MATHS: RESEARCH SCIENTIST

JOB DESCRIPTION

A Research Scientist in the UK is a professional who conducts systematic investigation
to acquire new knowledge and develop new products or processes. Their daily work
is highly variable, but typically involves designing experiments, collecting and
analysing data, writing research papers and reports, and applying for grant funding
from UK bodies like UK Research and Innovation (UKRI) or medical charities like
Wellcome. They work in diverse environments including university laboratories
(e.g., at the University of Oxford or Imperial College London), government facilities
(e.g., the Defence Science and Technology Laboratory (Dstl) or UK Health Security
Agency (UKHSA)), and industrial R&D departments of major companies like
AstraZeneca, Rolls-Royce, or GSK.

Key duties are deeply interdisciplinary but consistently rely on a strong mathematical
foundation. A typical day might involve using statistical models to determine the
sample size needed for a clinical trial, applying differential equations to model the
fluid dynamics of a new aerofoil design, or employing machine learning algorithms
to identify patterns in genomic data. The work is collaborative, often requiring
scientists to present complex mathematical findings to interdisciplinary teams of
engineers, clinicians, and business stakeholders in a clear and concise manner.
Mathematics is the central language of this role, providing the framework for rigorous
hypothesis testing, quantitative analysis, and predictive modelling. It transforms
qualitative observations into quantifiable, evidence-based conclusions. For instance,
a biostatistician at a pharmaceutical company in Cambridge will use advanced



Bayesian statistics to determine the efficacy of a new drug compound, while a
materials scientist at the Culham Centre for Fusion Energy might use computational
mathematics to simulate the behaviour of plasma under extreme temperatures. This
reliance on mathematics ensures that research in the UK is robust, reproducible, and
capable of driving innovation across the economy.

HOW MATHEMATICS IS USED

* Statistical Analysis and Experimental Design: This is the cornerstone of
empirical research. Scientists use statistics to design robust experiments that
yield reliable data, avoiding bias and ensuring results are significant. For
example, a researcher at the John Innes Centre planning an agricultural study on
crop resilience will use analysis of variance (ANOVA) to determine if differences
in yield between genetically modified and control plants are statistically
significant, rather than due to random chance. Similarly, an epidemiologist at the
London School of Hygiene & Tropical Medicine will use regression models to
identify the key factors driving the spread of an infectious disease across UK
regions.

Calculus (Differential Equations): Calculus is essential for modelling systems
that change over time or space. Differential equations are used to create
predictive models of complex dynamic systems. A research scientist at Rolls-
Royce will use Navier-Stokes equations to model the flow of air and combustion
gases through a jet engine turbine, optimising it for efficiency and thrust. In
finance, a quantitative researcher ("quant") in London might use stochastic
calculus to develop models for pricing complex financial derivatives and
assessing risk.

Linear Algebra: This area of mathematics is fundamental to handling large, multi-
dimensional datasets and is the engine behind many computational techniques. It
is used in image processing, quantum mechanics, and machine learning. For
instance, a scientist at DeepMind working on protein folding (AlphaFold) uses
matrix operations to manipulate and analyse vast datasets of protein structures. A
geophysicist at BP or Shell uses linear algebra to process seismic reflection data,
inverting matrices to create 3D images of subsurface geological formations to
locate oil and gas reserves.



* Optimisation: Research scientists frequently need to find the best possible
solution given a set of constraints, which is the domain of optimisation theory.
This is crucial in logistics, engineering design, and resource allocation. A
scientist working on the UK's National Grid will use linear programming to
optimise the distribution of electricity from renewable and traditional sources
across the network to minimise cost and carbon emissions while meeting
demand. An operations researcher for a retailer like Tesco or Sainsbury's would
use similar techniques to optimise delivery routes and warehouse inventory

levels.

Mathematical Modelling and Simulation: Scientists build mathematical
abstractions of real-world processes to test theories and predict outcomes without
the expense or danger of physical experiments. An astrophysicist at the
University of Edinburgh uses computational models based on general relativity to
simulate black hole mergers, comparing the results to data from gravitational
wave observatories. A climate scientist at the Met Office Hadley Centre uses
complex coupled partial differential equation models to project future UK climate
scenarios under different greenhouse gas emission pathways.

KEY SKILLS & TOOLS

Skill/Tool Application

The primary tool for scientific computing in the UK. Used for

everything from data cleaning and statistical analysis (using SciPy's

Python with stats module) to running complex simulations and implementing
SciPy/NumPy/ machine learning models (with libraries like Scikit-learn and
Pandas TensorFlow). A bioinformatician would use Pandas to manage

genomic data and NumPy for high-performance numerical
calculations.

The industry standard for statistical analysis and visualisation,
particularly in academia, pharmaceuticals, and public health. A
. researcher at NHS Digital might use R to perform a longitudinal
R & RStudio . . . - .
analysis of patient health records, using specialised packages like
‘Ime4’ for mixed-effects models to account for variations across

different NHS trusts.



Widely used in engineering and physics research for prototyping
algorithms, matrix manipulations, and signal processing. An
automotive research engineer at Jaguar Land Rover might use

MATLAB L . .
MATLAB and its Simulink toolbox to model and simulate the control
systems of a new hybrid electric vehicle before building a physical
prototype.
High Using UK supercomputers like ARCHER2 or local university clusters to
1 -
g run massively parallel computations. A climate scientist would use
Performance . . ] o
. HPC to execute a high-resolution global climate model, dividing the
Computing . .
mathematical calculations across thousands of processor cores to
(HPC) R .
complete the simulation in days instead of years.
The typesetting system used to produce professional-quality research
papers, theses, and reports that contain complex mathematical
LaTeX notation. It is the de facto standard for submitting papers to UK and

international scientific journals and for writing doctoral theses at
British universities.

Essential for managing collaborative code development and ensuring

. the reproducibility of research. Teams at institutions like the Francis
Version Control . . . . . .
Crick Institute use Git to track changes to their analysis scripts,

(Git/GitLab) . . L. )
allowing multiple scientists to work on the same project and revert to
previous versions if an error is introduced.
The fundamental process for validating scientific work. This involves
Critical critically assessing the mathematical methodologies, statistical
Analysis & Peer significance, and conclusions of one's own work and that of
Review colleagues, often through formal peer review for journals or internal

review panels at UK research institutions.

Typical Pathway: The standard pathway begins with strong GCSEs and A-Levels in
Mathematics and Further Mathematics, plus relevant sciences (Physics, Chemistry,
Biology). Entry typically requires a good honours degree (a 2:1 or first) in a
mathematical, physical, or life science discipline from a UK university. This is almost
always followed by a PhD, which is the essential qualification for an independent
research career. Postdoctoral research positions (post-docs) are the common entry-
level roles after a PhD, offering fixed-term contracts to gain further specialised
experience. Career progression can lead to a permanent lectureship/fellowship at a
university, a senior scientist role in industry, or a principal investigator position at a
research institute like the Alan Turing Institute. Many scientists also pursue Chartered



Scientist (CSci) status through bodies like the Science Council to enhance their
professional credibility.

Industry Demand: Demand for Research Scientists in the UK remains strong,
particularly in high-growth sectors like artificial intelligence, biotechnology,
pharmaceuticals, and renewable energy. According to reports from UKRI and industry
bodies like the Biolndustry Association, there is a consistent need for highly skilled
researchers with strong mathematical and computational abilities. The UK
government's focus on increasing R&D investment to 2.4% of GDP by 2027 is a key
driver of this demand, creating opportunities in both academia and the private sector.
Real-World Impact: Research Scientists are at the forefront of solving some of the
UK's and the world's most pressing challenges. UK-based scientists played a pivotal
role in the development of the Oxford-AstraZeneca COVID-19 vaccine, using
statistical modelling to design trials and analyse efficacy data. Those working in
renewable energy contribute to the UK's net-zero ambitions by mathematically
optimising wind farm layouts and improving solar cell efficiency. Their work not only
drives economic growth through innovation and patents but also directly improves
public health, environmental sustainability, and national security.
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