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2025: Student laptop has about 32-64 GB of RAM

Will students be using their own computing power, 
or simply using the laptop as a terminal to access 
far superior resources in the cloud??

c. 2025 screenshot from “The Witcher 4”
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1 Evolution of AAPT guidelines

2 Instructional decisions1. Spreadsheets vs. programming?

2. Which programming language?

3. Scripts vs. notebooks?

Instructional decisions

4. Where is computation hosted?

5. When is computational work done?

6. Should lab manual integrate computation?

7. How should lab notebooks integrate computation?

8. What documents are graded?

9. What computational features are graded?

10. How do students submit work?

11. How is instructor feedback provided?

12. How should students collaborate on computation?

13. What is the instructor’s role in supporting computation?
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2 Instructional decisions1. Spreadsheets vs. programming?

Instructional decisions

PHYS315: “Experiments in Modern Physics” 
● DAQ: Primarily manual, visual
● Data entry into spreadsheets
● Spreadsheet for initial data reduction

PHYS316: “Advanced Laboratory in Physics” 
● DAQ: Often requires computer interface
● Arduino exposure to C++
● Spreadsheet is often skipped
● Data reduction commonly performed in Python
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Structure your lab curriculum to stagger achievement 
of the goals delivered by computation throughout the 
entire undergraduate career.
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Stay present and learn everything you can, especially 
from our students…and from AI.
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Matlab code 
appended to 
backup slides

https://docs.google.com/file/d/1Ai_TrHSFf2Y7TyoMI1W-VyHb9wnrKuNg/preview


Backup slides



1 Evolution of AAPT guidelines

2 Instructional decisions1. Spreadsheets vs. programming?  Manual DAQ entered into SS/Computer DAQ   

2. Which programming language?  Python/Python,ArduinoC++

3. Scripts vs. notebooks?  Student preference/Student preference

Instructional decisions @ RIT: PHYS315/316

4. Where is computation hosted?  Student preference (local, CoLab)/Student preference

5. When is computational work done?  More outside of lab/More during lab

6. Should lab manual integrate computation?  No/No

7. How should lab notebooks integrate computation?  OneNote w/ link to code/OneNote w/ link to code

8. What documents are graded?  OneNote/OneNote

9. What computational features are graded?  Code output, plots/Code output, plots

10. How do students submit work?  Shared OneNote (no submission)/Shared OneNote

11. How is instructor feedback provided?  Feedback page in OneNote/OneNote

12. How should students collaborate on computation? Teamwork w/ clear attribution/Teamwork

13. What is the instructor’s role in supporting computation? Expert debugger/Interpreter of output



Propagation of uncertainties



LRC circuit resonance: 
Analysis of fit residuals



Malus’ Law:
Data fit to model



Axial magnetic field of a solenoid of finite length



Faraday rotation



lagrange_doublependulum_animation_avi.m

Feel free to copy/paste/modify for your own use!

% lagrange_doublependulum_animation_avi.m
% 2001 version for AEP333/TAM570 by Aaron McGowan lacked animation
% 2025 version for UMN+PICUP workshop by ChatGPT and Aaron McGowan
% Modern MATLAB double pendulum simulation and animation
% Automatically saves animation as an .avi video file
clearvars
close all
clc
%% Parameters
l_1 = 1;      % length of link one [m]
l_2 = 1;      % length of link two [m]
m_1 = 1 * l_1;      % mass of link one assuming 1kg/m [kg]
m_2 = 1 * l_2;      % mass of link two assuming 1kg/m [kg]
g   = 9.81;   % gravitational acceleration [m/s^2]
I_1 = 1/12 * m_1 * l_1^2;   % moment of inertia of link one [kg*m^2]
I_2 = 1/12 * m_2 * l_2^2;   % moment of inertia of link two [kg*m^2]
d_1 = 1/2 * l_1;    % distance of G1 from O [m]
d_2 = 1/2 * l_2;    % distance of G2 from E [m]

global parameters;
parameters = [l_1, l_2, m_1, m_2, g, I_1, I_2, d_1 ,d_2];
%% Initial conditions
theta_1_0 = pi/2;
theta_2_0 = pi;
omega_1_0 = 0;
omega_2_0 = 0;
z0 = [theta_1_0, theta_2_0, omega_1_0, omega_2_0];
%% Time vector and integration
tspan = linspace(0, 20, 1000);
options = odeset('RelTol',1e-4,'AbsTol',1e-8);
[t, z] = ode45(@lag_doublep, tspan, z0, options);
%% Precompute positions
x1 =  l_1 * sin(z(:,1));               % link 1 tip
y1 = -l_1 * cos(z(:,1));
x2 = x1 + l_2 * sin(z(:,2));           % link 2 tip
y2 = y1 - l_2 * cos(z(:,2));
%% Animation setup
fig = figure('Color','w');
axis equal
axis([-1*(l_1+l_2), 1*(l_1+l_2), -1*(l_1+l_2), 1*(l_1+l_2)])
xlabel('X position (m)')
ylabel('Y position (m)')
title('Double Pendulum Motion (Lagrangian)')
grid on
hold on
link1 = line([0, x1(1)], [0, y1(1)], 'LineWidth', 2, 'Color', [0 0.2 0.8]);
link2 = line([x1(1), x2(1)], [y1(1), y2(1)], 'LineWidth', 2, 'Color', [0.8 0 0]);
mass1 = plot(x1(1), y1(1), 'o', 'MarkerSize', 10, 'MarkerFaceColor', 'b');
mass2 = plot(x2(1), y2(1), 'o', 'MarkerSize', 10, 'MarkerFaceColor', 'r');
trace = animatedline('Color',[0.4 0.4 0.4],'LineStyle','--');
%% Video writer setup
fps = 30;
%videoFile = 'double_pendulum.mp4';
%v = VideoWriter(videoFile, 'MPEG-4');
videoFile = 'double_pendulum_YourParameters.avi';
v = VideoWriter(videoFile, 'Motion JPEG AVI');
v.FrameRate = fps;
open(v);
disp(['Recording animation to ', videoFile, ' ...'])
%% Animation loop
for k = 1:length(t)
  set(link1, 'XData', [0 x1(k)], 'YData', [0 y1(k)]);
  set(link2, 'XData', [x1(k) x2(k)], 'YData', [y1(k) y2(k)]);
  set(mass1, 'XData', x1(k), 'YData', y1(k));
  set(mass2, 'XData', x2(k), 'YData', y2(k));
  addpoints(trace, x2(k), y2(k));
  drawnow limitrate
  frame = getframe(fig);
  writeVideo(v, frame);
end
close(v);
disp(['Animation complete! File saved as ', videoFile])
%% --- Nested function for ODE system ---
function z_dot = lag_doublep(~, z)
  % Extract parameters for equations of motion
  global parameters;
  l_1 = parameters(1);
  %l_2 = parameters(2);
  m_1 = parameters(3);
  m_2 = parameters(4);
  g = parameters(5);
  I_1 = parameters(6);
  I_2 = parameters(7);
  d_1 = parameters(8);
  d_2 = parameters(9);
  theta_1 = z(1);
  theta_2 = z(2);
  omega_1 = z(3);
  omega_2 = z(4);
  % Equations of motion (Lagrange form)
  P = -g*(m_1*d_1 + m_2*l_1)*sin(theta_1) - m_2*l_1*d_2*omega_2^2*sin(theta_1 - theta_2);
  Q = -m_2*g*d_2*sin(theta_2) + m_2*l_1*d_2*sin(theta_1 - theta_2)*omega_1^2;
  M = m_1*d_1^2 + I_1 + m_2*l_1^2;
  R = m_2*l_1*d_2*cos(theta_1 - theta_2);
  N = m_2*l_1*d_2*cos(theta_1 - theta_2);
  S = m_2*d_2^2 + I_2;
  U = [P; Q];
  V = [M R; N S];
  alpha = V \ U;
  z_dot = [omega_1; omega_2; alpha(1); alpha(2)];
end


