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Relativistic constant 
acceleration with MATLAB 
for 1st year physics students

How long in proper time would it you take to get to the nearest star subject to constant 
acceleration, without blacking out? What does a relativistic 2d ballistic motion 
trajectory look like? The motion of a particle accelerated to relativistic speed is 

examined in a MATLAB Live Script for first year physics students.



1st-year computational curriculum
❖ What: Physics 247-8, Introductory Physics using MATLAB, 5-cr, 2-

sem, automatic honors, for ~80  first year Physics, Astronomy, and 
Applied Math Engineering and Physics (AMEP) students

❖ How: Tutorials with Live Scripts and integrated MATLAB analysis of 
laboratory data.

❖ Topics: Modeling, simulation, visualization, signal analysis, 
numerical techniques, symbolic algebra, intermediate and advanced 
mathematics, probability and statistics, and statistical analysis and 
interpretation of data.

❖ Why: A foundation for computation throughout the undergraduate 
physics curriculum.



Learning goals
❖ Understand and apply principles of physics…

❖ Innovate and apply.

❖ Own measurements and analysis.

❖ Understand and apply hardware and software technologies.

❖ Discover and use current research and open data.

❖ Think computationally and scientifically (model, test…).

❖ Collaborate and communicate!



1st semester syllabus

Tutorial Lab



2nd semester syllabus

Tutorial Lab



Physics 247, Week 7
Tutorial: Relativistic motion

❖ This example: Apply prior lab in 
symbolic and numerical modeling of 
systems of ode’s (non relativistic 
realistic ballistic motion with drag in 
2d) to relativistic motion.

Module Post lecture 
assignment

Interactive Live Script



Relativistic motion
❖ Relativistic Newton’s 2nd law 

❖ Simple case of hyperbolic motion .

❖ Simple simple case: 1d motion,  asymptotically.

❖ Application how long (proper time) would it take a 
human to reach the nearest start with a survivable 
(few g) rocket acceleration.

dp
dt

=
d
dt

mv

1 − v2/c2
= F

F = constant

v → c



Practical application

❖ Static and dynamical charged particle accelerators have 
electric field gradients of order 1 MV/m over length 
scales of order 1 m.

❖ The electron mass is 0.511 MeV so electrons can be 
accelerated to relativistic speed in ~ 1 m.

❖ What does a 2d  “ballistic trajectory” look like for such a 
particle?



MATLAB symbolic 
ode solution

❖ 6 lines of code to 
define symbols, 
equations, initial 
conditions, and 
solve for 
velocity  and 
then solve for 
coordinate 
functions .

v(t)

x(t)

Equations

Conditions 

Solve

MATLAB Live Script



Solution

Thanks MATLAB!



Symbolic sanity 
checks

❖ Work energy 
theorem

❖ Approaching 
light speed as 
t → ∞ “Try this” prompt for 

student to exercise 
MATLAB functions.



Application to 1d electron motion

❖ Notice 
 and 

displacement 
becomes a 
linear 
function of 
time.

vy → c



Application to 2d motion

❖ The velocity 
component 
perpendicular 
to the force 
field changes!



Proper time to get to a star
❖ Given time dilation, it is possible in principle to travel to a star in 

an arbitrarily short proper time. (Though your twin will age much 
faster.)

❖ But if you accelerate from rest without blood squirting out your 
eyeballs, how much time would it actually take?

❖ Compute for a~g arrival time and then proper time for L~ 4 LY.



Thanks for listening


