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New(ish) Introductory Physics for majors  
in physics and astronomy
(with calculus)

The mission purpose given to me by the Dept. Chair:

Improve the retention of students in our programs

Improve their academic preparation for upper-level physics courses



Main narrative:


What’s the system?

Interactions between objects 
dictates the motion of objects 


What is interacting 

with the system?





Early emphasis on iterative computation



Early emphasis on iterative computation

Good linking of all of the concepts and great focus on “why?”. 



New(ish) Introductory Physics for majors  
in physics and astronomy
(with calculus)

The mission purpose given to me by the Dept. Chair:

Improve the retention of students in our programs

Improve their academic preparation for upper-level physics courses

The traditional grading did not really give me a 
good ‘measure’ of their preparation 







Interactions Momentum Principle

Core 1 Core 3

Core 4

Sudden collision

Iterative method

Kinematic problem

Sup 1

Sup 2Point Object system

Special analytical case: constant force

Multi-Object system Collision problems Core 5

Extended objects

Stiffness of interatomic bonds Sup 3

Special analytical case: recall force (harmonic motion)

Harmonic motion Sup 4

Force “detectives” When there is no change in momentum

When there is a change in momentum

Core 6

Sup 5

Applications: 

Multi-system, 

unidirectional

One-system, 

Non-linear

Sup 6



Interactions Momentum Principle

Core 7Problems with constant forces

Work done by a variable force by integration Sup 7
Point Object system

Multi-Object system
Problems using potential energies Core 8

Applications: 

Energy Principle

Potential fate of objects interacting with a planet Sup 8

Extended objects Rolling problems Sup 9

Angular momentum Principle

Core 9 Extended objects
Statics problems

Sup 10

No change in angular momentum

Core 10

Rotational collisions

No external torque

Core 1 Core 3



Core 1 I can assess whether an object has interacted.

Core 2 I can find the future position of an object based on its average 
velocity or its momentum (relativistic or not).

Core 3
I can use logical, non-quantitative but 
mathematical reasoning to deduce the direction 
of pfuture, Fnet or pnow, given the other two.

Core 4 I can solve a kinematic problem with multiple unknowns

Core 5 I can solve a collision problem with conservation of 
momentum

Core 6
I can solve a "detective" problem with multiple unknowns, that 
requires considering more than one system, when the change 
in momentum is zero

Core 7 I can solve a problem using the energy principle, when the 
forces are constants with a point particle system

Core 8 I can solve a problem using the energy principle with a multi-
object system and the concept of potential energy

Core 9 I can calculate the angular momentum of a system and the 
torque applied by a force to a system. 

Core 10 I can solve a statics problem with multiple unknowns using the 
momentum and angular momentum

Sup 1 I can estimate the impact force in a sudden collision problem 
using order of magnitude estimation

Sup 2 I can predict motion using the iterative method with a variable 
force (springs)

Sup 3 I can find the stiffness of an interatomic bond based on 
experimental data

Sup 4 I can use the properties of a harmonic oscillator to 
analytically predict something about a mass-spring system

Sup 5
I can solve a "detective" problem with multiple unknowns, that 
requires considering more than one system, when the change 
in momentum is not zero but unidirectional

Sup 6
I can solve a "detective" problem with multiple unknowns, that 
requires one system, when the change in momentum is not 
zero and non-linear

Sup 7 I can calculate the work done by a variable force with 
integration

Sup 8 I can relate the graph of energies versus separation to 
determine the potential fate of the object

Sup 9 I can solve a rolling problem with the energy principle

Sup 10 I can solve a rotational collision problem



A 4-credit college course = 12 hours

(PHYS 207 + 227)

Example schedule

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

What is happening in class 
(10:10-11:00)

Mini-lectures, practice, 
discussions

Mini-lectures, 
practice, discussions

Practice, practice, 
practice

(11:15-12:05)

What is happening in lab (7:
00-9:00)

PHYS 227: Lab 
activity

What is happening outside 
of class

PHYS 227: Work on 
Lab prep

Work on Daily Prep 
'Fri'

Work on Daily Prep 
'Mon'

Work on a lab writeup 
(227) / WP (207)

PHYS 227: Work on a 
lab writeup

Work on WP 
exercises

What is due? * Lab Prep * Daily Prep 'Fri' * Daily Prep 'Mon'
* Wiley Plus exercises
* May submit up to two Labs



Learning Target Core 6: I can solve a "detective" problem with multiple unknowns, that 
requires considering more than one system, when the change in momentum is zero



D C B A

Categories 
of graded 

work

How many “satisfactory” pieces of work needed  
in each category to get this grade



Learning Target Core 6: I can solve a "detective" problem with multiple unknowns, that 
requires considering more than one system, when the change in momentum is zero



Learning Target Core 6: I can solve a "detective" problem with multiple unknowns, that 
requires considering more than one system, when the change in momentum is zero
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Learning Target Core 6: I can solve a "detective" problem with multiple unknowns, that 
requires considering more than one system, when the change in momentum is zero



Learning Target Core 5 I can solve a collision problem with conservation of momentum.

You throw a 0.5 kg piece of rock that is caught by a 1.5 kg hawk in mid air. Just before the collision
between the hawk and the rock, the rock was moving with a speed of 3 m/s in the +x direction, and the
hawk was moving with a speed of 10 m/s in a direction 30� below the horizontal (see sketch). If the hawk
does not let go of the rock, what is the velocity of the hawk+rock just after the collision? (Remember to
justify in words the approximations you made about the forces on the system.)

Rubric

General
1. I created a symbol for all the known and unknown quantities relevant to the problem.
2. I clearly identified which quantity I am looking for.
3. I wrote the solution in logical sections so that the logical progression is easy to follow.
4. I included units each time I wrote down a numerical value.
5. I included ! for every vector symbols.
6. I used proper vector notation when writing a vector in components.
7. I included a sketch of the situation with a coordinate system.
8. I used clear and concise language to explain the steps of my analysis.

Math
9. I used correct vectorial and algebra manipulations.
10. I used correct unit algebra.

Physics
11. I correctly calculated the momentum of a system containing multiple point objects.
12. I correctly applied the momentum principle.
13. I justified the approximations I made about the forces on the system.





➡How to avoid the ‘snowball effect’ ?

➡Is it equitable ?

➡How can this be more simplified ? 



Useful resources: 

- Grading for Growth blog: https://gradingforgrowth.com/


- alternativegrading.slack.com (there is a Physics channel)


- Blog of Robert Talbert https://rtalbert.org/ (Mathematics Dept. at Grand Valley State University


Who I would like to thank for making whole courses available 

on https://github.com/RobertTalbert

https://gradingforgrowth.com/
http://alternativegrading.slack.com
https://rtalbert.org/
https://github.com/RobertTalbert

