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We teach/learn physics What if we used
with textbooks primary sources?
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At a first glance: Unintelligible!

o df (700 In these equations of the electromagnetic field we have
p= p+g; assumed twenty variable quantities, namely,
Prop. XI. Prob. VI. .
dg For Electromagnetic Momentum........ooccciiiiinen. F GH
Rewolvatne corpus in Ellipfi: Requiritur lex vis centripete tenden- q=q+ —d— > (A) For Magnetic Intensity. ..o a B vy
1is ad m{;bi_liam El{ip/f'ar. o ; t For Electromotive FOTCe. ..ot P O R
Efto Ellipfeosfuperioris umbilicus S. Agatur SP fecans Ellip- dh For Current due to true Conduction..........oc.ooooeieeiiinnn. p q r
feos tum diametrum DK in E, tum ordinatim applicatam 0 = r=r+— For Electric Displacement f ¢ h
io %, & compleamrparallelogrammum Qx PR, Patet EP 2- di | or Electric Displacement .......... e g
qualem effe fomisc, For Total Current (including variation
axi majori 4C, co . of displacement) ... pq r
qugda&aab alf?ro wa :@_ﬁﬁj For Quantity of Free Electricity ..o e
glizgg?{ ;’iﬂ;gllécg dy dz For Electric POtential......ooooov oo, W
parallela, ( ob - 8 :d_F_@ L (B) Between these twenty quantities we have found twenty equations,
quales C%SCEI-; ) H® dz dx Viz.
aquentur ES,ELa- .
dCOUtPPﬁ?XIIiﬁIm- wy = d_G_d_P Three equations of Magnetic Force ... (B)
ma f_i;l};{ﬂm"l‘)?& dx dy | Three equations of Electric Currents.............cocoeeene. (@)
x]‘)a{l’elascHI( ?’RP?S;. Three cquations of Electromotive Force ...................... (D)
anguroszq,ualcsll‘*- WT':rec equations 0: E}ectrfe II—ilas.ticity ...........................
R, HPZ ) iplo- ; dy dg . ) ree equations of Electric Resistance.......................
ru’mPS, P H, qua E_JZ_ =aTmp Three equations of Total Currents..........
conjundtim axem totum 2 AC adxquant. Ad SP demittatur One equation of Free Electricity ...,
perpendiculatis 01, & Ellipfeos latere recto principali ("feu Z_a.,j_yz dmqg’ L () One equation of Continuity .......ccoeevieriiiinerniiie,
z dx
/ ' A These equations are therefore sufficient to determine all the
Prop' XI N ewton's Prl nci p 1a dB_da 4ar quantities which occur in them, provided we know the conditions of
dx dy ’ the problem. In many questions, however, only a few of the equa-

tions arc required.

Maxwell’s 20(!) equations (1865)

| miss Griffiths!!!
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The solution: Didactical design

Caretful selection: short excerpts, deep insights

Clear learning goals

Good secondary sources

Comparison with modern teaching
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Newton’s PQRST force
De motu (1684)

QR

*5P? x QT?

Bohr atom

What makes good examples?

Clausius’ cycle Faraday’s moving wire Schrédinger’s real part of i

Micro-macro (1926)

/ 1. ISOTHERMAL EXPANSION Fig .2,

I3.ISDT!'ERMAL EXPANSION

2.ADIABATIC EXPANSION b nlo
a e o ey
/ ke

/ 4.ADIABATIC EXPANSION

COMPRESSION

—— =3 = i 3
6. ADTABATIC j
v
1 s .

9.
10. |
.| ooo01222 | 140

| B
0001114 | 140
0001123 | 420

0011113 | 105
0011122 | 210
otz | 42
11111117 1

Maxwell's wheels Bernoulli’s piston Boltzmann statistics

| B

1. | 0000007 7

2. | 0000016 42

3. 0000025 42

4. 0000034 | 42

5. | 0000115 105

6. 0000124 210

. I 0000133 | 105

8. | 0000223 105

- New insights (a-ha moments)
- Conceptual/”mechanistic”/visual
- First times; often pedagogical

- Unfamiliar; foster questions
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Prelude
Kepler’s laws Newton’s gravitational law
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1. Newton’s PQRST force
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De Motu Corporum in Gyrum (1684)
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Theorem 1: Central force = Equal areas in equal times

Wikipedia: Newton’s proof of Kepler’s second law.gif
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Theorem 3: PQRST formula

Q — P

Constant acceleration

Kepler problem

Orbit's shape and sun’s postion 4=  Force law
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Problems 1, 2 e 3: Applying PQRST

F « QR/(SP2 x QT?2)

Prob. 1 2 *
F(r) oc 1/r5 Prob. 2 Prob. 3
F(r)ocr F(r) o< 1/r2
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A proposal for high school
Elliptical Orbit = 1/r2 Force

Newton’s Recipe

Given only two ingredients—the shape of the orbit

and the center of the force—“Newton’s Recipe” allows
one to calculate the relative force at any orbital point.
The recipe consists of the following steps:

1.

The inertial path: Draw the tangent line to the
orbit curve at the point P where the force is to be
calculated.

The future point: Locate any future point Q on
the orbit that is close® to the initial point P.

The deviation line: Draw the line segment from
Q to R, where R is a point on the tangent, such
that QR (line of deviation) is parallel to SP (line of

force).

The time line: Draw the line segment from Q to
T, where T is a point on the radial line SP, such
that QT (height of “time triangle”) is perpendicu-
lar to SP (base of triangle).

The force measure: Measure the shape param-
eters QR, SP, and QT;, and calculate the force mea-
sure QR/(SP X QT)2.

The calculus limit: Repeat steps two to five for
several future points Q around P to obtain several
force measures. Take the limit QP of the se-
quence of force measures to find the exact value of
the force measure at P/

1. Newton’s PQRST force

Fig. 5. The class constructs an elliptical orbit. Each student
gets a small piece (arc) of the whole ellipse and measures
the force responsible for the shape of his or her arc.

Table II. Values of the force F measured by a team of
students at nine different radii r along their elliptical
orbit. The team uncovers a simple pattern in the data:

F = 1.23/r212,

r (m) F (m3)
0.324 14.0
0.359 10.0
0.419 8.60
0.460 6.00
0.560 4.00
0.607 3.66
0.625 3.42
0.644 3.46
0.647 2.80

Prentis et al. (2007)



.? UNIVERSITY OF COPENHAGEN 1. Newton’s PQRST force

Some lessons from Newton’s PQRST force

For Newton, force and time are geometrical entities

- Force was assumed constant for a small At (linear approximation);
Geometrical calculus (“ultimate ratio”)

- PQRST formula is a general recipe: Nature tells us the orbit shape
and we determine the force law (where 1/r? comes from?)

- Hypotheses non fingo: Compare Newton’s PQRST with Kepler’s
and/or Hooke’s force laws

- Sun at the center (F « r) vs. at the focus (F « 1/r2) of an ellipse:
very different albeit small eccentricities.
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Prelude

What is entropy? Why do we need this concept?

How physicists disagree on the meaning of entropy

Robert H. Swendsen®
Department of Physics, Carnegie Mellon University, Pittsburgh, Pennsylvania 15213

(Received 29 June 2010; accepted 30 November 2010)

Discussions of the foundations of statistical mechanics, how they lead to thermodynamics, and the
appropriate definition of entropy have occasioned many disagreements. I believe that some or all of
these disagreements arise from differing, but unstated assumptions, which can make opposing
opinions difficult to reconcile. To make these assumptions explicit, I discuss the principles that have
guided my own thinking about the foundations of statistical mechanics, the microscopic origins of
thermodynamics, and the definition of entropy. The purpose of this paper will be fulfilled if it paves

the way to a final consensus, whether or not that consensus agrees with my point of view. © 2011
American Association of Physics Teachers.

[DOL: 10.1119/1.3536633]
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Genesis of entropy S—

o

https://en.wikipedia.org/wiki/Newcomen_atmospheric_engine

On a modified form of the second fundamental theorem {
in the mechanical theory of heat (Clausius, 1854)

“This is one of the strangest memoirs in the
entire history of physics” (Darrigol)

Pama

\

— natural

— Transmission — Hot Cold
‘unnaturall
Transformations — el —> Transformations
B il > occur in pairs
— Conversion Work Heat
unnatural .
A 4 As if natural

“causes” unnatural
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Clausius 6-step cycle

P / 1 .ISOTHERMAL EXPANSION
Q FROM K G2 FROM Kz
2.ADIABATIC EXPANSION AT ¢ t [ AT ('-2
3.ISOTHERMAL EXPANSION
4. ADIABATIC EXPANSION
/ SYSTEM |—=Aw=0
6.ADTABATIC
COMPRESSION ,
” Q2 TO Ky
5.ISOTHERMAL COMPRESSION AT {‘.1

“Equivalent” transfor- .
mations in Clausius cycle We see, therefore, that these two transformations may be

W regarded as phenomena of the same nature, and we may call two
[Q [£] - ] tranformations which can thus mutually replace one another
Alt] - Q1] equivalent. 'We have now to find the law according to which

— the transformations must be expressed as mathematical magni-
Equivalent” transfor-

mations in Clausius tudes, in order that the equivalence of two transformations may

(reverse) cycle be evident from the equality of their values. The mathematical

{W - Q[t] value of a transformation thus determined may be called its
Q,[4]1 - Q,[1,])  equivalence-value (Aequivalenzwerth).

Cropper (1986) AJP
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2. Clausius’ 6-step cycle

Aquivalenzwert: Mathematizing the equivalence

Clausius cycle

oLt - W B _
[Qz[tz] - Qz[tlll F(t,11)Q0, — (1)@ =0

Another Clausius cycle

Thus

(O =ft")Q’

The magnitude of f(t) is

Q'[t'] - W ’ ' inversely proportional to the

0,[5] - 0,[t] F(t,t)Q, —f(t1)Q" =0 amount of heat transformed
Yet another [Carnot] cycle

ar FrRo, K'l Combined with f(t)Q = f(t’)Q’

F')Q—ft)(Q' —2)=0

SYSTEM —=AW=0'-Q

F(t't) =f(2) —f(¢t")

Meaning: Only one
a 10 K L function (f(t)) is needed

Back to Clausius cycle Back to Carnot cycle Both equations of the form

()0 —ft)Q +ANQ=0  f(tNQ' —f()Q=0 Y ()@ =0
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Aquivalenzwert: Mathematizing the equivalence

Both equations of the form

Back to Clausius cycle Back to Carnot cycle
f8)Q —f(1)Q +ANQ=0  f(t1Q'—f(Q@=0 2f(H@=0
According to Kelvin, for a Carnot cycle: For infinitesimal processes

-,-I,—-:—(T.‘)‘=O thus f(t)=% y%g=0

What about non-reversible cycles?

The algebraical sum of all transformations occurring in a cyclical
process can only be positive.

A transformation which thus remains at the conclusion of
a cyclical process without another opposite one, and which

according to this theorem can only be positive, we shall, for
brevity, call an uncompensated transformation. dQ -~
The different kinds of operations giving rise to uncompensated T =O

transformations are, as far as external appearances are concerned,
rather numerous, even though they may not differ very essen-
tially. One of the most frequently occurring examples is that
of the transmission of heat by mere conduction, when two bodies
of different temperatures are brought into immediate contact ;
other cases are the production of heat by friction, and by an
electric current when overcoming the resistance due to imper-
fect conductibility, together with all cases where a force, in doing
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Some lessons from Clausius’ 6-step cycle

- Motivation (raison d’étre) to conceptualize entropy

- Aquivalenzwert: Entropy is a mathematical quantity to express the
relation between heat transmission (from T, to T,) e conversion of
heat into work (and vice-versa).

- In reversible cycles to the total sum (of equivalence-values) is zero.
Otherwise, the sum is positive (more natural than unnatural)
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Rutherford (aka Manchester) memorandum 1912
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Stability and formation of H, and He,

1
4

RY SN hydrogen atom
LY _e l' : ‘\
—er N , S Centripetal force = Coulomb force
LA ," V! ‘ o2
S L S 2 243 2
foa, ! oL mwer =— —* MmwT’=e¢
Loar oL r
oo Y '
Lo La g a hydrogen molecule
o edtiiie
o te e Lo Te Condition for nuclear stability
1 1 [ ]
1 I 1 ' l'
L R e’ _ 5. ¢ & _ 2%
102~ © T aZ4r2 VaZar? T (a24r2)3/2
A ) ’ ) ‘
‘ 4 A} q
e ‘\ I' _e
“ae (a?412)3/2 =843 — a?+r? =8%/3a%=4q?
hydrogen atom
hydrogen molecule 2

=r%/3 r=aVv3



Stability and formation of H, and He,

RY X% hydrogen atom
- —e 'l : \‘
—er T , S Centripetal force = Coulomb force
.: L ] ‘\ : r ' e? ("
Pt AR mw’r = — ? U’na)zﬁ = 82]
Loy foAL r
! ! 1 1 “I 1
Lo La g a hydrogen molecule
i edtkiie
1 .
. te ] te | v, te Centripetal force
1 [ | 1 1 I
\ . \ P (per electron)
‘I| l: I‘ “ : 2
L \ \‘ , ) e r e?
\\ 1 1 —
Y ¥ . mw-r = ¢ * —
2 2 o 2
‘s o' “ " _e Cl + r az -|— 1"2 4‘7'
. 4
hydrogen atom e? 3v3-1
200 — ~
hydrogen molecule mwr = X - — with X= = 1.049

g W _ 2 235 £
Cdd frce - 2- Tt~ 1 (V7)1 1097

Similar procedure to Helium

Jf e gk A fos gl 2 frxﬂhfyl RS- il

] . loys 175 lew

oY UNIVERSITY OF COPENHAGEN (Thanks to Michel Janssen!) 3. Origins of Bohr’s atomic model
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(Thanks to Michel Janssen!)

3. Origins of Bohr’s atomic model

Planck’s constant enters Bohr's model

I
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~
~
A
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hydrogen atom
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hydrogen molecule

In general mw?r3 = Xe?

Hydrogen atom: X =1

Hydrogen molecule: X =1.049

How to fix w and ?

1 22 _ w
E.. =Kv —mwrt =K —
kin 2 27.[
, K
mwré = —
T
2
2,4 _ i
mwr* = 5
mn
K2
’r = ———
m2Xme?
mm3etX? mméetX?

K3 RENYE
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Pause for reflection...

Is there anything being quantized?

Where are the spectral lines?

What is the value of Planck’s constant?

Are there quantum jumps?
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Useful references

The Genesis of the Bohr Atom

BY JOHN L. HEILBRON* AND THOMAS S. KUHN**

OXFORD

Malcolm Longair

OXFORD

Quantum Concepts

NIELS B0 nPlysis

w2 QUANTUN AT0w

The Bohr Model of A ructure

CONSTRUCTING
QUANTUM
MECHANICS

Anthony Duncan

and Michel Janssen

Historical research Didactic reconstruction
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Some lessons from the Manchester memorandum

- At first, Bohr was not interested in explaining the hydrogen spectrum
(otherwise considered his key achievement); he was way more ambitious
than textbooks would have him appear (explain all molecules).

- The (in)famous electron jumps were inferred from the structure of
Balmer’s formula;

- Bohr had problems explaining a % factor theoretically, although its need
was clear from the experimental value of R

- Orbital frequency # radiation frequency: MAJOR controversy!
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4. Taking the real part of ¢

From micro to macromechanics (Schrédinger, 1926)

The Continuous Transition from Micro-

o
N 2 3% IR
8 ga ™ ¢ OF
oo Y (o P “\ ol *
ppecU U ot ‘“\E
ey .gs“ ansbot\® pasiae® adew V X 15 tO aCIO‘ CC amCS
N o\ e
229 L
Jev* o
\\\‘“‘ )T L1 DT yge6 Lﬁ DER mSIK
P e, AN Die Natunwissenschaften, 28 1926
ke ( i 664-666 )
W e o \certprodlem ajien, =0, pp. y W
anch® - ng ala e
Y .‘ ) 1. Quantinter ¥ L sdiny e "
s ¥ W etic®d L -] M5
RN IRCSm—— -~ ¥ 3id
L) ““:" P ANNALEN DER PHYSIK a
: e VIEXTE FULGE. BAND & “
aaY Peant Wwie = n=g ale 77 »
CwWn U e e LG y eln ¥ daiean; RN
@ Ans 1 Rigeaws' vor P Solu-ddhmu ez -
o Wethodet Vizse Minslong' ner
g tabgren: <0 70
St e Tabaltmiaersdaber § L o wr L . 1 . B
4 8% gandve 4o Fevwin Wi ha Wel Kicke -z T\ I 2z
O o0 gimem | beascrsira Bptews. — § 2 Acadibrarg dos Bsluzgehen waf i net
. Wit W Tmees. wekbe collzoe G Zenoswomoen Diecrlecs s —
Mad P ;.:‘ :r:lung-a .; "u'.( Aagertett Ateex :l.r(le.i:ue‘-;
ot < copdinm w4 Febraries (es Gommasalolloe T -
B G0 ulzemcarey ftr slaw Selebigs i — 3 A& Sedstivintie'seragre r=d
wobeh Hasko w:}amm‘:z“’;::nham %7 Ober the hyei nbtz
e e Rertreszmy vy
dee ! —
we o $L o= o ™ e L 7
P Schwing: grgimat sog Dl yoelieie Wallenglabl g
“; et WMEkIervative Speams
- Frol Lie Wellcagle etang [1%) bew. (15%1 van R 510 der aveitza
" Withe “ang I
¢ WM e e
t A baw.
:,‘ n a2yt ‘:, 12 Flp =0,
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Froquectparamessr ¥ and s wie a a (L sssdrlcklich Be.
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3 Yol dac. & Fhye. T B B3 B HL B W1, 20zes fomn aber
den Tewwmeseshang wit der Heivoabergecden T

LB B

Matatie b s BN b AL N

Schrodinger’s four communications
(1926)
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From micro to macromechanics (Schrédinger, 1926)

The Continuous Transition from Micro- O
to Macro-Mechanics e | | N
(Die Naturwissenschaften, 28, pp. 664-666, 1926) w ot
Harmonic oscillator “A group of proper vibrations
. may represent a particle”
P — 2 ) nt 2 . : 2
’an = € 2 H’I’L (x)e T _ § <A>n¢"n B ﬂiyot_%:eimuot_l_Aze?.mrot_;:f;:
< 4‘— n=0 § '}_l-i 1,[1—6 )
_ 2n+l1 . _
\(Vn— v n=0,1,2,3...)

Now we take, as is provided for,
the real part of the right-hand side

5 4 means '\/ -1. On the right-hand side . ) \
the real part is to be taken, as usual.  %=¢% X4 cos | myt+ (4 sin 2mt) . (0= cos 2|
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From micro to macromechanics (Schrédinger, 1926)

4. Taking the real part of ¢

A—z——(x A cos 2mvgt) A
Y Fesd 2 °*’1cos [nvot + (A sin 2mv,t). (x — ¢os vaot)]
( 1 1/x—u\2 ) 4 A
f(x) = 0\/—6_7(7) cosine wave with
G varying period
9 aussian 9 )
. Wlklmedla commons
ﬂ
- L ] |
x‘-m -5 0 +10 J\f +20 +x

'

Oscillating wave group as the representation of a particle in wave mechanics
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4. Taking the real part of ¢

From micro to macromechanics (Schrédinger, 1926)

A% 1

— e 4 2

(x—A cos 2mvgt)

cos vyt + (Asin 2mv,t). (x ——=

2

The evolution of wave-
packet with A =20
(Diagram created by Dr.
David Green)

- »"J“’"— S

T T
0.25 -~
ANAAAA
VU"U A'AAAA.
V
AAYYYYYY
ki '.'nvl'l AAA
MAALLAAAS
0‘ 2 A'l ANAA A'
MYYYYYYY
WVWw
W f,.:n:n M
fon:Avnvn\vnv W
nvnvnvllvvvn".
0.15 MWW
0.1 ANNINA~—————
0.05 AN\ ~————
— 0
-0.05
-0.1
W W
-0.15 v\
W A:nt Y
YW
WA Y :.f g
s o
ANA hvﬁ'Avnv
.nlAl'A'n"Av'v' y
AAAN. ﬁ.ﬁ'A'A'.' o
IYYYY YA
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ANAAAA
-0.25 MWW
1 1 I
0 5 10

Source: Chapter 14.6

Malcolm Longair

Quantum Concepts
in Physics
[

{

~
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From micro to macromechanics (Schrédinger, 1926)

N
)

- L Lo | | L I )
<5 -5 0 s 70 ‘/d‘ j\f 720> 7%

il

!

Unsere Wellengruppe hdlt dauernd zusammen, breitet sich
nicht im Laufe der Zeit auf ein immer grolReres Gebiet aus, wie
man es sonst, z. B. in der Optik, gewohnt ist.

Eine mutige Voraussage:

Es lallt sich mit Bestimmtheit voraussehen, daR man auf ganz ahnliche
Weise auch die Wellen-gruppen konstruieren kann, welche auf hoch-
guantigen Keplerellipsen umlaufen und das undulationsmechanische Bild
des Wasserstoff-elektrons sind; nur sind da die rechentechnischen
Schwierigkeiten groer als in dem hier behandelten, ganz besonders
einfachen Schulbeispiel.
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Useful references

OXFORD

Malcolm Longair

Quantum Concepts
in Physics

Collected Papers
on Wave Mechanics

QL
MECHANICS

Volume! 2: The Arch 19231927

WD 27 Fruacton by Vera A

Anthony Duncan
and‘Michel Janssen

Original papers Didactic reconstruction

The classical roots of wave mechanics: Schrodinger’s transformations
of the optical-mechanical analogy

Christian Joas, Christoph Lehner *

Max Planck Institute for the History of Science, Boltzmannstr. 22, 14195 Berlin, Germany

Studies in History and Philosophy of Modern Physics 40 (2009) 338-351

Historical research
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Some lessons from Schrédinger’s micro-macro

- Schrodinger was initially seeking physical meaning in the real
component of his wave function and struggled to accept a
complex wave function.

- For him, fundamental entities are waves; particles are wave
groups.

- Schrodinger’s prophecy/vision was not fulfilled (wave packets
almost always disperse), but this did not prevent him from
arguing for “spatio-temporal” interpretations of QM.
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Discovery of induction

Faraday's diary (1822)
Convert magnetism into electricity 29.8.1831

3.[...] Then connected the ends of one of the
Induction ring pieces on A side with battery; immediately a
sensible effect on needle. It oscillated and settled
at last in original position. On breaking
connection of A side with battery again a
disturbance of the needle.

4. Made all the wires on A side one coil and sent
current from battery through the whole. Effect on
needle much stronger than before.

8. Hence effect evident but transient; but its
recurrence on breaking the connection shows an
equilibrium somewhere that must be capable of
being rendered.
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Discovery of induction

Faraday's diary (1822)
Convert magnetism into electricity

17.10.1831
57. The 8 ends of the helices at one end of the
Moving a magnet cylinder were cleaned and fastened together
through a coil as a bundle. These compound ends were then

connected with the Galvanometer by long
copper wires then a cylindrical bar magnet 3/4
inch in diameter and 812 inches in length had
one end just inserted into the end of the helix
cylinder—then it was quickly thrust in the
whole length and the galvanometer needle
moved—then pulled out and again the needle
moved but in the opposite direction. This effect
was repeated every time the magnet was put
in or out and therefore a wave of Electricity
was so produced from mere approximation of
a magnet and not from its formation in situ.

([_\(/ i\«{\'\\\\\\\ \\\\\\\\@)
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Lines of force

IMAGInation: Continuous curved patterns

Diary (1851)

1st series (1831) 29t series (1852)
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Moving wire

28t series (1852)  When the bend of the wires was formed into a loop and

Fig. 2. carried from a to b, the galvanometer needle was
« b deflected two degrees or more. The vibration of the
needle was slow, and it was easy to reiterate this action
five or six times, breaking and making contact with the
galvanometer at right intervals, so as to combine the
effect of induced currents; and then a deflection of 10°
or 15° could be readily obtained.

» Deflection is proportional to number of times, i.e. “number of lines
of force that cut/cross the loop” (Counting principle)

 The “moving wire” undergoes a profound transformation: from a
phenomenon to a [reasoning?] instrument to interpret other
phenomena (Fisher, 2001)
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5. Quantifying induction (Faraday)

Moving/revolving circuits/magnets

28t series (1852)

X
P\H:\

If Fig. 3 represent a magnetic pole N, and over it a circuit,
formed of metal, which may be of any shape, and which is
at first in position c; then if that ciruit be moved in one
direction into position 1, 2, 3, 4 or 5; or any position in
between; or if the pole moves to position n, then, an
electric current will be produced in the circuit.

 ————

b
s 777
@ ..

Inside the magnet!
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Revolving rectangles

29t series (1852)

. # One revolution gave i equal to 7 per revolution.

| Two revolutions gave 13'875 equal to 6:937 per revolution.

a. LS ;” Three revolutions gave 21:075 equal to 7:025 per revolution.

e Four revolutions gave 28637 equal to 7°159 per revolution.

C 4 Five revolutions gave 37637 equal to 7°527 per revolution.
N

Now 144 square inches is to 128 square inches as

2,61° is to 2,32° proving that the electric current

induced is directly as the lines of magnetic force Fig. 6. Fig. 7,
intersected by the moving wire [...] no alterations are
caused by changing the velocity of motion, provided
the amount of lines of force intersected remains the
same. [...] “thrice as advantageous to intersect the
lines within nine square feet once, as to intersect
those of one square foot three times”

i1
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Revolving rectangles

29t series (1852) 3195. When a given length of wire is to be disposed of in the form best suited to
produce the maximum effect, then the circumstances to be considered are contrary

e F for the case of a loop to be employed with a small magnet (39.8184.), and a rect-
: angle or other formed loop to be employed with the lines of terrestrial force. In the

a- LS S case of the small magnet, all the lines of force belonging to it are inclosed by the
loop; and if the wire is so long that it can be formed into a loop of two or more
P, d convolutions, and yet pass over the pole, then twice or many times the electricity
will be evolved that a single loop can produce (36.). In the case of the earth’s
force, the contrary result is true; for as in circles, squares, similar rectangles, &c.
the areas inclosed are as the squares of the periphery, and the lines of force inter-
sected are as the areas, it is much better to arrange a given wire in one simple
circuit than in two or more convolutions. Twelve feet of wire in one square inter-

Loop in a small magnet Loop in “lines of terrestrial force”
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Lessons from quantifying induction

20 years (!) from discovery to concept/quantification!

Deep insight into arduous scientific discovery

- Moving wire, revolving magnets/rectangles: from experiments to
reasoning instruments

- Change in number of lines of force crossing

- From concrete to abstract ]( E - -dé = —%// B -dS
oy at JJx
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Using history of physics to teach physics?
Why?
- No intermediates: you too can read the original!
- Original motivation of theories, concepts...
- New (usually less abstract) ways to explain things
- (Erratic) processes vs. (rational) products
- Reflect critically about the didactical transposition

- Deeper appreciation for the difficulties encountered by learners

How?
- Selected (short!) excerpts; clearly formulated Int. Learning Outcomes
- Standard topics; originals provide new insights (a-ha moments)

- Usually better a posteriori, comparing with traditional way to teach
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