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""" (2) Calculate the E field at each mobile charge.

for charge in charges:
charge.efield = vec(©,0,0)

Daniel Sinkovits ! ,
charge.efield += external.efield

charge.efield += efield_sphere(conductorl, charge.pos)
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if source is not charge:
charge.efield += efield(source, charge.pos)
November 8, 2025 ’
conductorl.ncharges = @
JOint UMN/TWin Cities + PICUP ''' (4) Make each charge move according to its drift velocity.
Note that the mobile charges are negative, so they move oppo

Reglonal WorkShOp 2025 . 2::::2.\i/:lczar-‘rgnzality*charge.efield

charge.pos += charge.vel*dt

''' (5a) If a charge goes outside the conductor,

snap it back to the surface by the shortest route.
r = charge.pos - conductorl.pos
if r.mag > conductorl.radius:

charge.pos = conductorl.pos + conductorl.radius*r.hat
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Computational Integration

* Todd Zimmerman and | are both actively involved in PICUP.
* All physics faculty incorporate some computation.
 Computation integrated in almost all courses.

Introductory Physics sequence

* University Physics | (calc-based intro mechanics and thermo)
* Mostly Computer Science students, plus Physics and Chemistry majors
e Usually taught by me

* University Physics Il (calc-based intro E&M with DC circuits and optics)
* Mostly Engineering students, plus Physics and Chemistry majors
* Taught by every physics instructor



University Physics |

* Fairly well-developed

* 10 Web VPython computational

activities progressively building up

* Each takes place over one

two-hour discussion period

* Distributed throughout and

aligned with the course content

* Culminates in a final project

* Phys/Chem majors at a slight

Monday Tuesday Wednesday Thursday Friday
|2-Sep Syllabus, Newton's 1st Law, (Glowscript for vector math, |Velocity, Speed,
Vectors (1.1-2) vectors, displacement (1.3- |[Momentum, Position
|19-Sep |Momentum principle, Glowscript for constant Analytical constant force Simulation with forces (2.3- (Quiz 1 - Uniform Motion
impulse, forces (2.1-4) motion motion (2.5) 4, 6)
16-Sep (Projectile motion Projectile Motion Four Fundamental Gravitational Simulation Quiz 2 - Constant Force
Challenge Lab Interactions (3.1-4, 7-9) (3.5-6, 14-15) Motion
23-Sep [Tension, Young's modulus, |Young's Modulus Lab (pp 65{Compression (normal Free Body Diagrams, Quiz 3 - Forces
Normal force (4.1-7) 67) force), Friction (4.7-8) Solving force problems, (5.1
30-Sep [Two-body problems Force Board Lab Spring-mass oscillator (4.10-|Spring Oscillation Quiz 4 - Force Problems
11, 16) Simulation
7-Oct [Hanging spring-mass, Small [Spring Lab Physics and mathematics of |Force problems with Quiz 5- Oscillations
oscillations, Sound (4.16, circular motion (5.6-7, 9) circular motion (5.8)
14-Oct (3D circular motion Circular Motion Lab Energy, Kinetic Energy, Energy Graph Activity Quiz 6 - Circular Motion
problems (5:10) Work, Potential energy (6.1-|(6.7,10,13,15)
21-Oct |Gravitational and electric |ADVISEMENT DAY Internal energy, thermal Conservation of Energy Lab |Quiz 7 - Mechanical Energy
potential energy (6.8-9,14) energy, dissipation (7.1-4,
|28-Oct |Midterm Review Midterm Exam (quizzes 1- |Heat, power, open and Damped and Driven Torque and Extended FBD
6) closed systems (7.5-7) Oscillator Simulation (11.4)
4-Nov |Quiz 8 - Internal Energy Torque Lab Moment of inertia, Angular momentum (11.1- |Quiz 9 - Torque and
rotational kinetic energy 3) Angular Momentum
11-Nov|Varying inertia, Rotational |Seesaw Simulation Rolling, winding, and Rotational Motion Lab Quiz 10 - Rotational
dynamics (11.7-9) slipping motion Motion
18-Nov|Head-on collisions, elastic |Collision Lab 2D/3D collisions, frame of  |Simulating Collisions Collisions with angular
and inelastic (10.1-5) reference (10.6, 12) momentum transfer (11.7)
|25-Nov Quiz 11 - Collisions Rutherford Scattering THANKSGIVING BREAK THANKSGIVING BREAK THANKSGIVING BREAK
Simulation
2-Dec [Introduce simulation Mouse and key input, Work on projects Work on projects Work on projects
project, brainstorm ideas  |Sliders and text boxes
9-Dec |Work on projects Work on projects Final Exam Review Presentation of projects, |STUDY DAY
course evaluation
16-Dec [EVALUATION WEEK FINAL EXAM (quizzes 7-11) (EVALUATION WEEK EVALUATION WEEK EVALUATION WEEK

8:00-9:50 am, JHSA 146

disadvantage to CS majors here




Physics | activities
and skills developed
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University Physics Il

* Two different populations with different needs/ interests in computation

Engineering majors Physics or Chemistry majors
Prior experience | Little computational experience | Robust experience from Univ. Physics |
Interest Tend to be skeptical Usually pretty interested
Future experience | Intro to Numerical Methods in Computation integrated into most
Engineering upper-level physics courses

* How to keep both populations engaged and learning to be prepared for
their future coursework/ career?



My approach to computation in Physics |

* Quick ramp-up in complexity to simulate interesting systems
e Start from a template that must be completed, not from scratch
* Templates include mouse/key input, graphing

* Need to recall physics from earlier courses

* Major skill developed is to convert vector math to code

* 6 computational activities
spanning just the first half
of the semester

Monday Tuesday Wednesday Thursday Friday
22-Jan |[Introductions, Syllabus Pretest, Review of vectors, 13.1-4 Electric field Intro to Python/Glowscript  |Quiz 13a
Coulomb's Law
29-Jan [13.5 Superposition principle  |Electric Field 13.6 Dipoles Dipole Simulation Quiz 13b
S5-Feb |14.1-5 Static electricity, Sticky tape lab 14.6-7 Contact, induction, Electric Polarization Quiz 14
polarization, conductor vs mobility, dielectric constant
insulator
12-Feb |15.1-3 Distributed charge, Practice with integrals 15.4-9 Distributed charge Distributed charge activity Quiz 15
writing integrals formulas
19-Feb |16.1-4 Electric potential, Mapping Voltage Lab 16.5-9 Potential difference Electric Potential Quiz 16
potential energy, potential nonuniform field, Potential of
difference a point charge
26-Feb |17.1-3 Magnetic field of a 17.5-8 Electric current; B-field |17.9-11 Magnetic dipoles, Oersted Effect Lab Quiz 17
point charge of wire, coil, solenoid geomagnetism, atomic
4-Mar |Review for Midterm MIDTERM Skills 18.1-7 Surface charge, steady |MIDTERM Problems 18 Electric Current activity

(Chapters 13-17)

state, transient

(Chapters 13-17)

(read 19.2)

11-Mar

SPRING BREAK

SPRING BREAK

SPRING BREAK

SPRING BREAK

SPRING BREAK




Modeling a Spaghetti Sculpture




Electric Field

34

scale = 5

test = sphere(radius=0.15)

test.E1 = vec(0,0,0)

attach_arrow(test, "E1", color=chargel.color, scale=scale,
test.E2 = vec(90,0,0)

attach_arrow(test, "E2", color=charge2.color, scale=scale,
test.E3 = vec(0,0,0)

attach_arrow(test, "E3", color=charge3.color, scale=scale,
test.E = vec(0,0,0)

attach_arrow(test, "E", color=test.color, scale=scale, sha

scene.range = 10
scene.autoscale = False

k = 9e9

def efield(charge, pos):
r = pos - charge.pos
E = k*charge.charge/r.mag2*r.hat
return E

while True:
rate(60)

test.pos = scene.mouse.pos

test.E = vec(0,0,0)

test.E += test.E1l = efield(chargel, test.pos)
test.E += test.E2 = efield(charge2, test.pos)
test.E += test.E3 = efield(charge3, test.pos)


https://glowscript.org/#/user/daniel.sinkovits/folder/UFC2025/program/II2ElectricFieldSolution

Dipole Simulation

76

77 if scene.mouse.ctrl:

78 external.E = scene.mouse.pos/scale/4
79

80

81 else:

82 external.E = vec(90,0,0)

83

84

85 silicon.force = silicon.charge*external.E
86 oxygen.force = oxygen.charge*external.E

87

88

89 torque = vec(90,0,0)

90 torque += silicon.pos.cross(silicon.force)
91 torque += oxygen.pos.cross(oxygen.force)
92

95

94 angvel += torque/moment_of _inertia * dt
95

96

97 if " " in keysdown():

98 angvel *= 0

99

100

lo1 silicon.rotate(origin=vec(0,0,0), axis=angvel.hat, angle=angvel.mag*dt)
102 oxygen.rotate(origin=vec(90,0,0), axis=angvel.hat, angle=angvel.mag*dt)
103

104

105 for p in test_points:

106 p.E = efield(silicon, p.pos) + efield(oxygen, p.pos)



https://glowscript.org/#/user/daniel.sinkovits/folder/UFC2025/program/II1SiliconMonoxideSolution/edit
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https://glowscript.org/#/user/daniel.sinkovits/folder/UFC2025/program/II3ConductingSphereSolution/edit

Electric Field of a Distributed Charge

14

Single charge Q 12

=
o
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Infinite line of density Q/L
Exact for finite line charge Q

Line of 101 points of charge Q/101

log(Electric field (N'C))

Line of 100 points of charge Q/100
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https://glowscript.org/#/user/daniel.sinkovits/folder/UFC2025/program/II4DistributedChargeSolution/edit
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w5 START HERE ~°2

L = 200 # number of grid points on a side

zscale = 1 # Multiplies potential to map to z coordinate

cmax = 10 # Max value for potential (+/-) where color saturates

(1a) Complete with the potential of a spherical shell
def potential_sphere(source, test_pos):

source_pos = vec(source.pos.x, source.pos.y, 0) # We want to tre:z
#r =

return @ # change this

"*' (1b) Complete to add up the potential of all charges. Use a for 1

‘def total_ potential(test_pos):

return @ # change this

# This puts the total potential function in the right format
def f(x, y):

return total_potential(vec(x, y, ©))
"*'* (3) Get creative with your own charge distribution "'’
# set the color of positive charges to pos_color and negative to neg c
pos_color = vec(1,0,0)
neg_color = vec(9,0.5,1)
charges = []
charges.append(sphere(pos=vec(-5,0,0), charge=-1e-9, color=neg_color))
charges.append(sphere(pos=vec(5,0,0), charge=2e-9, color=pos_color))

"'*' (2) OPTIONAL: Set the z-coordinate of each charge to the total pot

*for charge in charges:

pass

Creates the plot

=
p = plot3D(f, -20, 20, -20, 20) # function, xmin, xmax, ymin, ymax


https://glowscript.org/#/user/daniel.sinkovits/folder/UFC2025/program/II5PotentialSurfaceSolution

Conclusion:
Computational Activities in University Physics |

* My six activities are designed to showcase what cool things
Web VPython simulate for electrostatics.

* Engineering students are impressed and appreciate that code is more
understandable than they thought.

* Physics and Chemistry majors can go further and begin to dream about
making their own simulations.

* All shared programs have the source code viewable
* https://glowscript.org/#/user/daniel.sinkovits/folder/UFC2025/

e Reach me at sinkovitsd@uwstout.edu.

* Any questions?


https://glowscript.org/#/user/daniel.sinkovits/folder/UFC2025/
mailto:sinkovitsd@uwstout.edu

