A EXPERIMENT
http://atlas.ch

A ATLAS Experiment © 2018 CERN

-

A Decade of Teaching Contemporary
Physics First at Pomona College




% Fall Term ' - -
. Physms»O:' Spacet1me Quanta and Entropy
( Szx Ideas That Shaped Physzcs Umts C R Q T)

% Spr lng Ter m

. Physms 71 Newtoman Mechamcs .
(Szx Ideas Umts C N half—course)




% Prlor to 2”8 (for all sc1ence students)
. % Pall Physms 51a.,Mechames -
(Szx Idens UmtsC N R)

W Sprmg Physms 51b E&M Quantum Thermal
(Szx Ideas '-*---mtsE Q T)

B % Var1ous schemes to better engage ma]ors




Reasons for the old approach
% It Was efﬁc1ent (to teach run labs)

_ All students should learn phys1cs w1th caleulus;

% Problems W1th thls approach

B o’ Many students bored by Newton1an mechamcs .
. Potent1a1 ma]ors were d1luted in a sea of others _.- =
. L1fe-sc1ence students felt they were secondary -

o Schernes for exc1t1n; ma]ors were not Worklng V




Phy51cs 41/42 (for 11fe sc1ence students)

- Usea standard toplc sequence (but Wlth Calculus)

o Make 1t Clear that We were targetlng the1r needs

. » Offer Sprlng/ Fall to better ﬁt pre med schedule

Phy51cs 70- 71 72 (for potent1al ma]ors)

- . Gather all potentlal ma]ors together

% T e a ch materlal all would ﬁnd new and in

. . Allow better—prepared students to sk1p 7J

erestlng - ==
and/or72  §




%'4 Physms Beyond High School -
‘ Fresh for everyone‘” ”level the playmg ﬁeld”* -

Contemporary Physms

Grve potentlal ma]ors an honest plcture of the ﬁeld preparat1on v 

An Introductlon to Th1nk1ng L1ke a Phy51c1st

Focus on model—bulldmg, active learnmg, problem solvmg

Bulld Excrtement |
Relat1v1ty and quantum physms are fascmatmg'

Bulld Communlty .
Brmg all potent1a1 ma]ors together




| } conservatlon of p, L E potent1a1 energy graphs

RelatIVIty (9 sess1ons Un1t R) | |
Pr1nc1ple of Relat1v1ty, three k1nds of t1me metr1c equatlon

Quanta (13 to 14 sessmns Un1t Q)

~ Waves, phy51cal optics, two-sht 1nterference sp1n | . |
Wavefunctlons We1rdness Schrodmger equat1on nuc1e1

Entropy (10 sessmns Un1t T)

Temperature macrestates & m1crostates mult1pl1c1ty and entropy, =
Boltzmann factor 1deal gas dlstrlbutmns englnes climate change




”Fllpped” class plan (usmg text 1nstead of V1deos)
= Students read text chapter before class
o Pre class exercises |

. 3 short conceptual or ba51c problems from text

. t Answers graded mostly on effort
. 15-m1nute mini-lecture _ | -
* Announcements hrghhght 1mportant thmgs give blg p1cture
*t 30-m1nute worksheet | |

* ual1tat1ve and s1mple quant1tat1ve problems
» Students work together moproups
- Professor TA c1rcu1ate to answer questlons




gthat have been mlraculously constructed to be only 10 nm
rt. What w111 be the appr0x1mate d1stance ,between B

. ibr1ght Spots on an 1nterference pattern dlsplayed on a——’
': ;-rﬂuorescent screen placed 1m from the slits? ’*

lem B.1mm C.O01mm D.10 um E.1um




Q5 Activity Sheet

Core Concepts
A. The de Broglie relation (for free quantons): A =h/|p| or in terms of K: (if nonrelativistic)
B. Quanton-at-a-time two-slit interference
1. Quantons are detected as if they were discrete particles
But statistically contribute to an interference pattern
So particle model works for detection, wave model for statistical behavior
Note that each quanton must “know” about both slits. Why?

Therefore, it is actually contradictory to assume that the quanton even has a well-defined position
at any time before it is finally detected at the screen
6. If we force the quanton to have a position by using detectors near each slit, we get no interference (!!)
C. The Interference application simulates this.

Practice problem: QST.8. (a) Fill in the chart below (which is the same chart shown on page 82) without using the Interference
application. (b) Then show your results to either your in-class mentor or Dr. Moore. (¢) Then test your results “experimentally”
using the Interference app. (d) Ask your mentor or Dr. Moore to explain if you, don’t understand why your “experimental” results
disagree with your initially expected results (if they do).

Slit
Separa-
tion Pattern

10 4m (Sample)

10 4m

20 11m




Practice problem: QST.8. (a) Fill in the chart below (which is the same chart shown on page 82) without using the Interference
application. (b) Then show your results to either your in-class mentor or Dr. Moore. (¢) Then test your results “experimentally”
using the Interference app. (d) Ask your mentor or Dr. Moore to explain if you, don’t understand why your “experimental” results
disagree with your initially expected results (if they do). '

Slit
Slit Separa- ,
A Width | tion : Pattern

5nm |3ym |10 4m | (Sample)

(a) 5 nm 6 Um 10 ,Um
>Snm | 64m |20 4m

(c) 10nm | 6um |20 um

10nm |6um |20 um

(e) 10nm |6um |10 um

Practice question: Explain why A = hc/E applies to photons, but does not to'any particle with mass m # 0. (Hint: How is l i) }
related to E for photons? How is ‘ D l related to E for relativistic particles with m # 07?)

| Practice question: Do problem Q5T.7. Write your answers in the space below and on your whiteboard.

o - .







‘Scarmed mrtlal efforts due electromcally on Wednesdays

. . Solut1ons are posted online several hours afterward

'i"Students correct therr work usmg a green or purple pen

A}Students hand in corrected papers on Friday
- - -;TA grades Corrected problems usmg this rubr1c
0 |

L Descrlptron (Sutﬁc1ent / Clear & Correct)

[ 0 Model (Correct Principles / Correct Application) |
o ] Good Notation (Symbolic Algebra / Units & Vectors) ‘
P Valid Math (Sufﬁc1er1t / Correct) =
e *,"Plausﬂole (Right Units / Magnitude / Sign)

= _5,Thoughtful Correctlon (not too much / too httle)

Deductlon for M1ss1r1g Parts | _ '_ Fmal Score




" %{J -Students hand in one ”R1ch Context” problem -
w Must be clearly Wr1tten and show all steps
| Graded on presentat1on as well as correctness

S1x other problems are ass1gned but not handed in
a*:_One problem is selected A the sub]ect of an m—class qu1z - |
e ”4 Quiz is short (about 5 minutes) -
Should be easy if one has done the Work correctly

. 'Lowest qurz score dropped




Energyand power . -
“'f-‘éSOUHd and 'Oppler effect .
Speed of hght -

;iElementary School Outreach -
,,ffCoupled Oscillators . -
.»"'_Interference and lefractlon -
f-nydrogen Spectrum . -
-?‘.‘Thermometry (or Lab Tours) -

.

-j'Pe1t1er :,g‘.;foolers tEngmes IR Spectrum




. Nothmg hke the FCI is avaﬂable for thls materlal
. CLASS si"ffows nothmg unusual |

_ *ﬂﬂ Physms 71 materlal FCI normahzed gam O 65

Physu:s 72 materlal BEMA score 58% (m only 6 Weeks')
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. Slgmﬁcant factors for cont1nu1ty to our sophomore COUI‘SQ?

~# Sense of ”belongmg in the ﬁeld - -
- Percerved drfﬁculty of Phys1cs 70
W Havrng a study group -

E 'f_;%f?v'No even playmg field” , |
-+ IS preparation in phys1cs and math remains relevant |
- For continuers, class’s d1ff1cu1ty level was about r1ght
Lat1nx students found the course harder (and Were ‘
somewhat less 111<e1y to have taken AP phys1cs)




1" (W1th a llttle help from the author')

Flrst-year problems sudclenly becamelv1s1ble' .

§ l?f_{gf_'Too many students for one sect1on

ffNo clear place for non—ma]ors who are not pre- meds

,‘,Many people don t bother to test out of Phys1cs 71 72’

:Not havmg lab for Phys1cs 7 1 72 remams contentlous_ -

Pace remams a problem (possrbly an mcreasmg one) B
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