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The	new	SI	and	Planck’s	constant	
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Current	defini+on:	The	kilogram	is	the	unit	of	mass;	it	is	equal	to	
the	mass	of	the	interna*onal	prototype	of	the	kilogram.	
	
Proposed	defini+on:	The	kilogram	is	defined	by	taking	the	fixed	
numerical	value	of	the	Planck	constant	h	to	be	6.626070040×10−34	
when	expressed	in	the	unit	kg·m2·s−1.	
	
Nothing	to	frighten	theore*cal	physicists	who	have	on	their	part	
decided	for	long	that	h	=	2π…	
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I.	A	classifica*on	of	physical	constants	
	

	A	conceptual	inquiry	into	
	 	 	—	their	meaning	
	 	 	—	their	role	
	 	 	—	their	fate	
	 	 	 	 		
	An	epistemological	perspec*ve	with	various	implica*ons	
	 	 	—	theore*cal	
	 	 	—	prac*cal		
	 	 	—	pedagogical	
	 	 	 	 		

«	On	the	Conceptual	Nature	of	the	Physical	Constants	»,	Rivista	Nuovo	Cimento		7,	187	(1977)	
«	The	Importance	of	Being	(a)	Constant	»	

in	Problems	in	the	Founda6ons	of	Physics	,	p.237,	Soc.	Ital.di	Fisica	(1979)	
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The	classifica*on	

Derived	(secondary)	constants	
	 	 	 	 	boiling	point	of	water	
	 	 	 	 	laece	constant	of	silicium	crystal	
	 	 	 	 	mass	of	the	uranium	atom	

	

Fundamental	(primary)	constants	
	

	—	type	S	:	specific	proper*es	of	“elementary”	physical	objects	
	 	 	 	 	mass	of	the	Higgs	boson	

	
	—	type	G	:	generic	proper*es	of	classes	of	physical	phenomena	
	 	 	 	 	coupling	constants	

	
	—	type	U	:	universal	constants	scaling	universal	physical	laws	
	 	 	 	 	Planck’s	constant	



BIPM,	7	septembre	2017	 JMLL_Constants	 5	

The	classifica*on	

Derived	(secondary)	constants	
	 	 	 	 		

Fundamental	(primary)	constants	
	

	—	type	S	:	specific	proper*es	of	“elementary”	physical	objects	
		
	—	type	G	:	generic	proper*es	of	classes	of	physical	phenomena	
	 	 	 	 		
	—	type	U	:	universal	constants	scaling	universal	physical	laws	

Not	a	closed	and	fixed	classifica*on	!	
Quite	the	contrary	:		

allows	for	a	discussion	of	the	varia*on	of	the	constants,	
as	concerning	their	meaning,	role,	status,	etc.		



Electron	
charge	

Proton	
mass	

Speed		
of	light	

Newton’s	
constant	

Type	U	
(universal)	

Fundamental	
constants	

Type	G	
(generic)	

Type	S	
(specific)	

Nonfundam.
constants	

(derived)	

The	epistemological	fate		
of	some	physical	constants	

Einstein’s	
constant		
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Universal	constants	as	conceptual	synthesizers	
Thermodynamics	
	

	work	W	
	 	 	 					W	=	JQ 	 	 				 		energy	
	heat	Q	

Einsteinian	rela*vity	
	

	mass	m	
	 	 	 						E	=	mc2			 	 					 		mass-energy	 		
	energy	E	

	
	space		Δx	
	 	 	 						Δs2	=Δt2-	c-2Δx2			 		space-*me	
	*me	Δt	

Δt	

Δt	

Δt	
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The	fading	into	unity		
of	universal	constants	

	

A	historical	fate	:	
from	nobility	(conceptual	synthesis)	
to		domes*city	(conversion	factors)	

	
Modern	constants 	 	E	=	mc2	
	
Classical	constants 	 	W	=	JQ	
	
Archaic	constants 	 	Lvert	=	λLhor	
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II.	The	Planck’s	constant	
	
	 	A.	The	birth	of	Planck’s	constant	
	 	B.	Was	Planck’s	constant	really	fundamental	?	
	 	C.	The	rise	of	Planck’s	constant	to	universality	
	 	D.	h	as	the	quantum	of	ac*on	
	 	E.	h	as	a	standard	of	quan*city	
	 	F.	Planck’s	h	or	Dirac’s	ħ=h/2π ?	
	 	G.	Planck’s	constant	at	the	macroscopic	level	

	
	
	
	

	
	
	
	
«	The	Meanings	of	Planck’s	Constant	»,	in	One	Hundred	Years	of	h	

E.	Beltramee	&	G.	Giuliani	eds,	Soc.	Ital.	di	Fisica,	2002,	pp.	211-226	
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A.	The	birth	of	Planck’s	constant	
	

Planck	1900	–	1901	
	

«	…the	energy	element	should	be	propor*onal	to	the	number	
of	vibra*ons	:	

ε	=	hν

«	…the	energy	distribu*on	in	the	normal	spectrum	is	
	 	u	=	(8πhν3/c3)	[exp(hν/kT)	–	1]–1	

	

«	…Axer	the	sta*onary	energy	distribu*on	is	thus	determined	
using	a	constant	h,	we	can	find	the	corresponding	temperature	
using	a	second	constant	of	nature	k…	»	
	

«	…The	values	of	both	natural	constants	h	and	k	may	be	
calculated	precisely	with	the	help	of	measurements	available…	
the	values	for	the	universal	constants	turn	out	:	

h	=	6.55	·	10−27	erg	·	sec	
k	=	1.346	·	10−16	erg/degree	
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A	short	digression	on	Boltzmann’s	constant	
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But…	
	

Boltzmann	never	wrote	S	=	k	log	W	!	
	

In	his	seminal	1877	paper*,	his	statement	is	that	
	«	for	each	reversible	change	of	state,	the	increase	in	the	
	“permutability	measure”	[which	is	for	us	today	the	logarithm	of	
	the	number	of	configura*ons]	is	equal	to	the	entropy	
	increment.	»	

No	explicit	formula.	
	

In	later	papers,	Boltzmann	always	used	for	“his”	constant	the	
expression	R/N0	(with	R	the	perfect	gas	constant	and	N0	the	Avogadro	
number).	
	
*“On	the	Rela*onship	between	the	Second	Fundamental	Theorem	of	the	Mechanical	Theory	of	
Heat	and	Probability	Calcula*ons	Regarding	the	Condi*ons	for	Thermal	Equilibrium”,		

Sitzungberichte	der	Kaiserlichen	Akademie	der	WissenschaQen.		
Mathema6sch-Naturwissen	Classe.	Abt.	II,	LXXVI	1877,	pp	373-435	
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It	is	definitely		Planck	who	decided	to	denote	this	constant	by	
k,	as	he	was	the	first	to	write	

S	=	k	log	W	
in	the	same	famous	1900-1901	papers	where	he	introduced	
what	would	become	“his”	constant	h	—	but	he	alaways	
complained	that	k	should	be	called	“the	other	Planck’s	
constant”.	
	
This,	by	the	way,	explains	the	somewhat	puzzling	choice	of	
the	symbols	h	and	k.		
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Type	U	
(universal)	

Fundamental	
constants	

Type	G	
(generic)	

Type	S	
(specific)	

Nonfundam.
constants	

(derived)	

The	fate	of	Planck’s	constant	(step	0)	
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However,	in	his	1905	paper	on	the	photoelectric	effect,	
Einstein	does	not	use	Planck’s	constant	!	
	

Despite	referring	to	Planck’s	1901	ar*cle	where	the	formula	
for	the	blackbody	radia*on	is	wri{en	with	h	and	k,	Einstein	
expresses	it	as	

ρν	=	αν3	[exp(βν/T)	–	1]-1	

And	his	crucial	formula	for	the	kine*c	energy	of	the	electron	
emi{ed	is	wri{en	

(R/N0)βν	–	P		
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Type	U	
(universal)	

Fundamental	
constants	

Type	G	
(generic)	

Type	S	
(specific)	

Nonfundam.
constants	

(derived)	

B.	Was	Planck’s	constant	really	fundamental	?	
	
The	fact	is,	that	from	1905	to	1910,	Einstein	and	others	seem	to	have	
shared	doubts	on	the	really	fundamental	nature	of	Planck’s	constant.	
	
The	idea	then	was	seriously	discussed	that	h	was	in	fact	not	a	
fundamental	constant,	characterizing	the	detailed	mechanism	of	
interac*on	between	light	and	ma{er,	reducing	it	to	the	status	of	a	
derived	constant.	

The	fate	of	Planck’s		
constant	(step	1)	
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By	1909,	Einstein	realized	that	the	combina*on	e2/hc	[using	the	
modern	nota*on	e2	=	qe2/4πε0]	was	dimensionless,	so	that	one		could	
hope	to	“explain	away”	h	by	wri*ng	it	as	

h	∼	e2/c	
within	some	numerical	factor.	
	

But,	in	a	le{er	to	Einstein	(6	May	1909),	Lorentz	wisely	objected	that	
	«	I	could	imagine	a	factor	of	4π	or	so	intervening,	but	a	factor	900,	
	that	is	really	too	much.	»	

	

To	which	Einstein	replied	somewhat	casually	(23	May	1909)	:	
	«	If	only	one	could	understand	at	least	a	li{le	the	rela*on	E	=	hν	!		
	…The	factor	900	missing	in	the	non-rigorous	rela*onship	between	h	
	and	e	worries	me	as	well,	although	introducing	a	factor	such	as	
	6(4π)2		would	not	be	that	extraordinary.	For	the	dimensional	
	argument	seems	 	very	significant	to	me.	»	
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C.	The	rise	of	Planck’s		
constant	to	universality	

	

Einstein	1907	(!)	:		
«	Planck’s	theory	of	radia*on	and	the	theory	of	specific	heat	»	

	«	If	the	elementary	structures	that	are	to	be	assumed	in	the	
	theory	of	energy	exchange	between	radia*on	and	ma{er	 	
	cannot	be	perceived	in	terms	of	the	current	molecular		kine*c	
	theory,	are	we	then	not	obliged	alos	to	modify	the		theory	for	
	the	other	periodically	oscilla*ng	structures	 	considered	in	the	
	molecular	theory	of	solids	?	In	my	opinion,	 	the	answer	is	not	
	in	doubt.	»	

	

Crucial	extension	of	quantum	hypotheses		
to	non-electromagne*c	phenomena	!	

Cofirmed	by	the	subsequent	development	of	quantum	theory.	
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Type	U	
(universal)	

Fundamental	
constants	

Type	G	
(generic)	

Type	S	
(specific)	

Nonfundam.
constants	

(derived)	

The	fate	of	Planck’s	constant	(step	2)	
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D.	h	as	the	quantum	of	ac*on	
Planck	no*ced	very	early	that	h	had	the	dimension	of	classical	ac*on.	
Then,	at	the	1911	Solvay	conference,	he	introduced	the	idea	that	h	
was	an	«	elementary	quantum	of	ac*on	».	
	

This	was	interpreted	as	establishing	the	existence	of	irreducible	
domains	D	in	phase	space,	that	is	«	cells	»,	with	finite	extension	h	:	

∫∫D	dp	dq	=	h	
	

The	idea	was	seized	upon	by	Sommerfeld,	who,	inspired	by	what	he	
called	the	«	most	fortunate	»	naming	of	h	as	the	quantum	of	ac*on,	
appealed	 to	Hamilton’s	 classical	 func*on	 of	 ac*on	 to	 establish	 the	
rules	of	quan*za*on	in	the	so-called	“Old	Quantum	Theory”.	
	

While	 too	 limited	 in	 scope	 (what	 is,	 axer	 all,	 the	 “ac*on”	 within	
quantum	theory	?),	this	point	of	view	s*ll	can	be	put	too	good	use	in	
heuris*c	considera*ons.	
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The	Heisenberg-Pauli	
inequali*es	
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E.	h	as	a	standard	of	quan*city	
With	the	advent	of	the	new	quantum	mechanics	in	the	1920’s,	a	
novel	meaning	was	a{ributed	to	Planck’s	constant.	
Bohr	and	Heisenberg,	in	a	joint	paper	on	“matrix	mechanics	”	at	
the	1927	Solvay	conference	delivered	the	following	statement	:	

	«	The	real	meaning	of	Planck’s	constant	is	this:	it	cons*tutes	a	universal	
	gauge	of	the	indeterminism	inherent	in	the	laws	of	nature	owing	to	the	
	wave-par*cle	duality.	»	

	

One	may	propose	a	modern	formula*on,	dispensing	with	the	
outdated	terminology	of	“indeterminism”	and	“wave-par*cle	
duality”	:	

	h	is	a	“standard	of	quan*city”,	which	gives	a	general	criterion	for	
	assessing	the	necessity	of	pueng	quantum	theory	to	work.	
	Namely,	when	considering	a	given	physical	phenomenon	:	
	—	evaluate	the	relevant	quan**es	with	the	dimension	of	an	ac*on	
	—	if	they	all	are	much	larger	than	h,	the	classical	theory	yields	a	good	
	approxima*on	
	—	if	not,	the	recourse	to	quantum	theory	is	compulsory.	



BIPM,	7	septembre	2017	 JMLL_Constants	 28	

F.	h	as	the	quantum	concept	synthesizer	
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F.	Planck’s	h	or	Dirac’s	ħ=h/2π ?	

Principle	n°	0	of	theore*cal	physics	(Wheeler)	
	
«	The	dimensionless	constants	of	physics	appearing	in	
dimensional	analysis	are	of	order	unity,	

	…if	the	characteris*c	magnitudes	and	parameters	of	the	
phenomenon	are	correctly	chosen,	

	…with	due	allowance	for	excep*on.	»	
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G.	Planck’s	constant	at	the	macroscopic	level	
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Long	life	to	quantum	theory!	


