
CAREERS THROUGH MATHS: PHYSICIST

JOB DESCRIPTION

A physicist in the UK applies the principles of physics and advanced mathematics to

understand complex  systems,  solve  real-world  problems,  and drive  technological

innovation. Their daily responsibilities are highly varied, ranging from fundamental

research in a university laboratory to applied product development in a corporate

R&D centre. A typical day might involve designing experiments, analysing complex

datasets,  running computational  simulations,  and writing up findings for  scientific

papers  or  technical  reports.  The  work  environment  is  equally  diverse,  including

national facilities like the Culham Centre for Fusion Energy, government bodies such

as  the  National  Physical  Laboratory  (NPL),  the  National  Health  Service  (NHS)  in

medical  physics  roles,  and  leading  technology  firms  like  Rolls-Royce  or  ARM

Holdings.

Key duties are deeply analytical. A physicist might develop a mathematical model to

predict the behaviour of a new semiconductor material for a company like IQE plc, a

leading  supplier  of  compound  semiconductor  wafers.  In  the  energy  sector,  they

could be tasked with using computational fluid dynamics to optimise the design of a

more efficient wind turbine blade for a company like Siemens Gamesa. In the finance

sector, often referred to as a "quant" (quantitative analyst), they use physical models

to price complex financial derivatives and manage risk for institutions in London's

Canary Wharf.

Mathematics is the fundamental language of this role. It is not merely a tool but the

framework upon which all physical theories are built and tested. Whether deriving



the  equations  that  govern  a  new  phenomenon,  applying  statistical  methods  to

validate an experimental result against noise, or using numerical analysis to solve a

problem  that  has  no  analytical  solution,  a  physicist's  work  is  intrinsically

mathematical.  For  example,  developing  a  new  type  of  laser  for  use  in

telecommunications  with  a  company  like  Oclaro  requires  solving  the  Maxwell's

equations that describe electromagnetic wave propagation, a core mathematical task.

HOW MATHEMATICS IS USED

Calculus  (Differential  Equations  and  Vector  Calculus): This  is  the  primary

language for describing continuous change, motion, and fields. Physicists use it

to  model  dynamic  systems.  For  instance,  at  the  UK  Atomic  Energy  Authority,

physicists  solve  complex  partial  differential  equations  to  model  plasma

confinement in tokamak reactors, aiming to achieve sustainable nuclear fusion. In

the aerospace sector with companies like BAE Systems, they use fluid dynamics

equations (Navier-Stokes) to simulate airflow over an aircraft wing, optimising it

for  fuel  efficiency.  Even in  medical  physics,  the diffusion of  radiation through

tissue  is  modelled  using  differential  equations  to  plan  cancer  radiotherapy

treatments in the NHS.

Linear Algebra: This is crucial for handling multi-variable systems and complex

transformations. It is extensively used in quantum mechanics, where the state of a

system (like a qubit in a quantum computer being developed by Oxford Ionics) is

represented as a vector in a high-dimensional Hilbert space. Operations on these

states are performed using matrices. In data analysis, techniques like Principal

Component Analysis (PCA), which relies on eigenvector decomposition, are used

to identify  patterns  in  large datasets  from particle  physics  experiments  at  the

Daresbury Laboratory or to analyse financial market correlations in the City of

London.

Complex Analysis and Fourier Methods: These are essential for understanding

wave  phenomena  and  signal  processing.  A  physicist  working  for  Seagate  in

Northern Ireland might use Fourier transforms to analyse and filter noise from the

read-head signals in hard disk drives, improving data integrity. In defence and

sonar,  companies  like  Thales  UK  employ  these  methods  to  process  acoustic

signals,  distinguishing a  submarine's  signature  from background ocean noise.

The entire principle of Magnetic Resonance Imaging (MRI) machines used in UK
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hospitals relies on Fourier transforms to convert raw data into a clear, diagnostic

image.

Statistics and Probability: No measurement is perfect, and probability theory is

the foundation of quantum mechanics. In practical terms, physicists use statistical

methods  to  determine  the  significance  of  their  results.  At  the  Large  Hadron

Collider  (LHC)  where  UK  research  groups  are  heavily  involved,  analysing

trillions of particle collisions requires sophisticated statistical analysis to identify a

handful  of  Higgs  boson  events  against  an  immense  background.  In  the

manufacturing  sector,  a  physicist  at  a  company  like  Renishaw  would  use

statistical process control, involving distributions like the Poisson distribution, to

analyse  and  minimise  defects  in  the  production  of  high-precision  metrology

equipment.

Mathematical  Modelling and Numerical  Methods: Many physical  problems

are  too  complex  to  solve  with  pen  and  paper.  Physicists  build  mathematical

models and use numerical methods to solve them computationally. For example,

a  meteorologist  at  the  Met  Office  uses  finite  difference  methods  to  solve  the

equations governing atmospheric physics, producing the UK's weather forecasts.

In  the  automotive  industry,  a  physicist  at  Jaguar  Land Rover  would  use  finite

element analysis to simulate the crashworthiness of  a new car chassis design,

solving  the  equations  of  structural  mechanics  numerically  before  a  physical

prototype is ever built.

KEY SKILLS & TOOLS

Skill/Tool Application

Python with Scientific

Libraries (NumPy,

SciPy)

The cornerstone of modern computational physics in the UK.

Used for everything from automating data analysis from a lab

experiment at a Russell Group university to running large-

scale Monte Carlo simulations for financial modelling in

London. It handles complex mathematical operations like

matrix algebra, integration, and optimisation.

MATLAB & Simulink

Widely used in UK industry for rapid prototyping, control

systems design, and signal processing. An engineer at Rolls-
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Royce might use it to model the dynamic response of a jet

engine, while a medical physicist could use it to simulate the

performance of a new MRI coil design before manufacture.

Data Analysis &

Visualisation (e.g.,

Pandas, Matplotlib,

OriginLab)

Essential for interpreting results. A physicist at the National

Physical Laboratory uses these tools to analyse calibration

data, perform regression analysis to establish measurement

uncertainties, and create clear, publication-quality graphs for

reports that define UK measurement standards.

C++ and Fortran

Used for high-performance computing (HPC) where execution

speed is critical. UK physicists use these on national

supercomputers like ARCHER2 to run complex climate models

or simulate the collision of galaxies. C++ is also common in

high-frequency trading firms for developing ultra-low-latency

algorithms.

Specialised Laboratory

Equipment (e.g.,

Oscilloscopes,

Spectrometers)

Used to gather empirical data. The physicist must understand

the underlying mathematical principles of the equipment's

operation, such as the Fourier transform in a spectrum

analyser, and apply statistical methods to calibrate it and

quantify measurement errors.

Technical Report

Writing & LaTeX

The primary method for communicating complex mathematical

results and conclusions to peers, management, or clients. Used

to write scientific papers, create technical documentation for a

new product at a tech startup, or prepare a grant proposal for

UK Research and Innovation (UKRI).

Uncertainty &

Metrology Analysis

A core skill, particularly in roles aligned with UKAS (United

Kingdom Accreditation Service) standards. Involves using

statistical methods (e.g., Gaussian error propagation) to

quantify the uncertainty in any measurement or derived result,

ensuring data integrity and quality in sectors from

pharmaceuticals to aerospace.

Typical Pathway: The standard route begins with strong GCSEs and A-levels (or

Scottish  Highers)  in  Mathematics,  Physics,  and  often  Further  Mathematics.  This  is

followed by a three- or four-year undergraduate Master of Physics (MPhys) or MSc

degree, typically from a university accredited by the Institute of Physics (IOP). Many

graduates then pursue a specialised PhD, often funded by UKRI, to enter research

roles. Entry-level positions include Research Scientist, Graduate Physicist, or Medical



Physics  Trainee.  Career  progression  can  lead  to  senior  scientist,  project  lead,  or

technical  director  roles  within  UK  companies  and  research  councils.  A  key

professional  qualification is  becoming a  Chartered Physicist  (CPhys) through the

IOP, which demonstrates a high level of professional competence and commitment.

Continuous professional development (CPD) is essential and is supported by the IOP

and other professional bodies.

Industry Demand: The demand for physicists in the UK remains strong, driven by the

government's  focus  on  becoming  a  "science  superpower"  and  increasing  R&D

investment.  Key  growth  areas  include  the  UK's  nuclear  sector  (both  fusion  and

fission), renewable energy, quantum technologies, space and satellite industries, and

the expanding fintech sector in London. According to the Office for National Statistics,

professionals in science, research, engineering, and technology roles are projected to

see some of the fastest growth rates, with physicists being highly valued for their

robust analytical and problem-solving skills.

Real-World Impact: Physicists in the UK have a profound impact on society and the

economy. They were instrumental in developing the technology behind the Oxford-

AstraZeneca  COVID-19  vaccine,  which  relied  on  physics-based  techniques  for

imaging and analysis.  They work on critical  national projects,  such as developing

new  nuclear  fusion  technology  at  the  JET  and  STEP  programmes,  which  aims  to

provide a limitless, clean energy source. From improving medical diagnostics in the

NHS to securing the UK's financial systems and driving innovation in the automotive

and aerospace industries, the mathematical work of physicists is fundamental to the

nation's technological advancement and economic competitiveness.


	CAREERS THROUGH MATHS: PHYSICIST
	JOB DESCRIPTION
	HOW MATHEMATICS IS USED
	KEY SKILLS & TOOLS


