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1. Introduction 

h s an od quson hch has cn and nd and na

zd anon; mos mous s oncae's samn o hs quson 

adn spac 

Suppos ha n on nh a h dmnsons o h uns bcam a hou

sand ms ag. Th wod w man smlar o s,  w  h wod 

smlte h mann  has n h hd book o ucd. On, wha was 

fm a m on w no masu a kiom, and wha was a m

m ong wi bcom a m. Th bd n whch  wn o sp and m 

bod s w ha grown n h sam popoon. Whn  wak n h 

monng wha w b m n n c o such an asonshn ansfm

aon? W,  sha no noc anhn a a. Th mos xac masus wi 

b ncapab o an anhng o hs mndous chan, snc h 

ad masus  sha us wi ha vad n xac h sam popoons 

as th objcs  shal amp o masu. n a h chan onl xss f 

thos who agu as  spac  absou. (Ponca 1914, 94) 

I s appan ha such consdaons naz o oh quan dmn­

sons bond h spaal ons. h s an appan paadox Eyh n 

h as o phscs  appas ha souons dpnd on h absou aus 

o quans. Y, h s aso an nuon bhnd houh xpmns k 

oncaes:  a quans o a knd  scald b h sam co, incuding 

those of the reevant measurement stanars, ha od oud b n  
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w eprcll nsngushble  he cul wrl Ths chper pr­

es  recncln  he bslus r  he lws n cprs 
nuns bu esureen 

A cse whch hs recenl cpure he enn  se phl­
sphers: wul  ke  fference  ll he sses uble erngh? The 
nswer urns n  ephscl ebe regrng qun bslus n 
qun cprs: 

Absolusm) nrnsc qunes re fnenl qule properies; 
qun relons superene on he 1 

 omprvsm) Quny relons re  les s fnmenl s nrinsc 
qunes n o no superene on he2 

Inrnsc qunes re eerne prperes  prculr phscl bjecs 
n n relns We hnk  he s hng n essential nc l­
gcl r3 An bjecs prper  beng w ldlgrs n ss s nrnsc 

Alternel, he cprs gruns he bjec's beng w ldlgrs n 
ss relnll: he bjec sns n  reln  beng wce s sse s, 
sa se snr ldlgr n Prs The cprs hls h hese rel­

ns re n grune n nrnsc qunes bu re (relel) fnenl 
Cenrl  he ebe s  ser rguen gns bslus.4 Such r­

guens he  generl r: se suppse fnenl eure  rel, 
F, res uner se ser rnsrn, s F s n  fnenl 

1 Mabe his is beer p in erms o dependence' deerminaion" or rondin" (see 
discssion in: McKenzie 2014, 2020; Sider 2020). I am no here concerned wih whaever he 
proper reaion beween ndamenas and nonfndamenas is  js ha here is some disinc
ion o be drawn which a eas impies a spervenience reaion describabe wih possibe word 
semanics. 

2 Here I cs on armens aains he ndamenai o inrinsic qaniies This corres
ponds o he weal< absoism and weal< comparaivism described in Marens (2021) Some 
incdin Daspa (2016) have presened he armen aains absoism in eiminaivis 
erms. The armen is al<en o show ha inrinsic qaniies comprise srps srcre which 
og o be eiminaed om or onoo See Ismae and van Fraassen (2003) and Daspa 
(2016) r accons o sch smmer armens See Marens (2018) r an armen aains 
mass eiminaivism. See Sider (2020) and Woff (2020 chap 8) r accons o he absois
comparaivis dispe in erms o fndamenai 

3 For an exampe o a reaive sandard meaphsica accon o inrinsicaiy see Lanon 
and Lewis (1998). See Sider (1996) r a disincion beween meaphsica and snacic crieria 
o inrinsicai and a discssion o he aer pe. 

4 Marens (2021, 2523) seu disinishes hree approaches o te debae reardin he 
empirica adeqac o comparaivism which are presen in he ierare: (1) he smmer ap
proach, (2) he deecabii approach, and (3) he possibii-checkin (i.e. possibe words) 
approach. He on discsses (1) in passin and shows ha insor as (2) is se i is eqivaen 
o (3) Frher I al<e (1) o be eqivaen o (3). I ndersand possibe word semanics o pro­
vide a mode heor r discssin he smmeries o phsica eqaions However as wi be 
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ere  re. In hs cse, he sppse unens re nrnsc r 
se qnes. The cprs res h here s  css  syeres 
h ee qny rs nrn he ryn nrnsc qnes. I hs s 

he cse,  sperenence prncpe s 

 oprivs Sperenence No chnge n nrnsc qny Q o obec 
 tho se chnge n relon R beween  nd Q o soe O. 5 

The reen syeres re physical syeres, hch p physc sys­
ems  physcy nsnshe syses. We knn expes  sch 

symery rens nce he ren ns se eces e 
 ecy s symeres n rens ns se spce e  
rnsn n rn syeres. 

Dsp (2013) hs neny ee sch  syery ren 

ns he uneny  nrnsc qnes. The ren epens 
n  nn  ss n s  rnsrn h es he ss  
eery sse jec n se physc syse n leaves everything else un­

changed. Ths ceteris paribus cnn reqres ss n e  "f 
syery': enn  dynamical n empirical syer. Dync 
syeres p ncy psse syses  nmcy pssbe syses. 

Emprc syeres p syses  serny nsnshe 

syses. The ren rns s Mss n s  f syer. Inrnsc 
ss qnes ry ner hs f syer. Prperes h ry ner 

f syeres re n fnen. Therere, nrnsc ss qnes re 
n (reey) unen. 

Bker (2020) n Mrens (2018, 2021) he shn h hs ren s 
nsn ecse s firs prese s se. Cnerexpes, sch s  
y syse n hch  prjece escpes  pne, sh h Dspas cet­

eris paribus cse s nene. Eher he ss n rnsrn 
chnes he eprc sn ecse he prjece s  escpe, r he 

mde evdent I beleve the smmetr pproch n s some ws more llmntng nd sel 
fr some o the nsettled modlt qestons ( see secton 5) 

5 The comprtvst lkel s commtted to more thn ths, bt ths mnmlst prncple 
excldes bsoltst possbiltes eg mss doblng Dsgupt pts ths prncple somewht 
dfferently. For hm, the prncple jstfied b these globl qntt smmetres s  global 
spervenence prncple The mportnt thng s whtever set o cts re more undmentl 
re not explned b the other set o cts (Dsgpt 2013, 108-9) Dsgupt ctll mkes the 
cse tht hs plrlstc" grondng s less demndng thn the ndvdlstc condton I m 
stpltng 
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projectie's trajector breaks the aws. Mass dobing is not a f smmetry 
Frther, an other goba transrmation which acts on a singe basic qantit 
dimension is not a f smmetr.6 B contrast,  rer to an qantit trans
rmation that eaves both the aws and the observabe sitation nchanged a 
full qantit smmetr. That a basic qantit transrmations i to be f 
qantit smmetries wi be made cear b consideration o the -theorem. 

The argment against absotism can be rehabiitated b showing that 
there is a cass o f qantit smmetries that shows that intrinsic qantities
are not undamenta. This cass o smmetries is characterized b Edgar 
Bckingham's (1914) -theorem, a ndationa rest o dimensiona ana­
sis. This theorem estabishes a genera rm o phsica eqations which 
is invariant nder both representationa nit transrmations and ontic 
qantit smmetries. The genera strctre o these qantit smmetries 
has impications r the nomoogica roe o the dimensiona constants.  wi 
arge that whether these qantit smmetries are accepted as dynamical 

symmetries depends on whether or not the vaes o phsica constants ( e.g. 
the gravitationa constant) are fixed b the aws or are instead contingent. The 
absotist's escape rote om the amended smmetr argment reqires 
that the vaes o phsica constants are nomical necessar.  arge that this 
is a cost move, conditiona on the trth o an open phsica hpothesis. 

2. The Quantity Calculus and the Argument 
against Absolutism 

The argment against absotism reqires the existence o smmetries that 
are ontic conterparts to a cass o broad accepted representationa qan
tit smmetries, nit transrmations. It is necessar that these ontic qan
tit smmetries are both dnamica smmetries and empirica smmetries. 
The reationship between these two casses o smmetries wi be made cear 
b an expanation o the qantit cacs.7 

As terminoog varies,  wi estabish m vocabar with a tripartite 
distinction: 

6 I assume hroughou his chaper ha mass length, and ime are he basic quaniy dimen
sions o mechanics This is a sandard convenion bu is inessenial o he argumen-any ad­
equae basis will do. 

7 See Boer (1995) fr a hisory o he developmen o he quanity calculus See JCGM (2012) 
fr he conemporary merological sandard which I am broadly in line wih 
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(ua A oe o a sca ojec a s eeseae  cass o a 

ubeu as, usua  a ue ue  a u ( eg  qua
 o eg s aoxae 85 ees o 854 X ; 

(ua eso A coeco o quaes wc ae a eese

ae  e sae se o us, e coesuae ( eg  qua o 

eg, ous, e eg o oue 66, a Agso; 

(U A saa ague o qua  soe eso wose as

sge o e ueca eeseao  uces ueca vaues o 
a quaes  a eso ( eg he saa egs eie  e 

ee sc, e o o Juus aesa, e sace a ea og aves  a 

vacuu  oe seco 

I ave defie ese es cculalM a ee s o a aalss u a 
secficao o e elatons so as o avo confson 

e epesentao o an qua as a poduct o a ue (s
oousl value, agtude, easue )8 and a un ns us ha these 

quates o concen exs on a ato scale Fuhe, we kee ack o e 

uns o soe devave qua  ot onl eg algeac oe­
atos o e uecal eesentatons o quanes ut also o e 

. 5 X meters meters 
ums, eg  = 25 X -. We wll see a e algea o 

2 x seconds seconds 
uns oes a ecessa codo o e welledess o scal 
equaosdesoal hoogeet s ecessa coon as o 

do w e ensos o wc eac unt saaes, eg he de­

sos o ce: [N] = [dyn] = M1r2 • Colex, evave desos 

ae cosuced o oducs o owes o asc desons, usuall 

M, ass, L, legh, and T, duao9 A quat as a esoal 
o deson, [ Q] = D, wc can e ulled and ved aaly, 

8 his m sm odd o som Brrnd Rss (1903) ro sd mnid r wh 
I hr c qni b his s is si consisn wih h o h irr sinc s h 
phsics irr wih which I wi r b concrndh phrss h mnid o  qn
i: t v o  qni'; h msr o  qni r l icios nd qivn T 
 rr o is nmric xn riv o som dfind ni. S BrbrnSnos nd Pogini 
(1999) r  su discssion nd rmism On mor cv is h mnid is som
ims conrsd wih v" or msr s rrrin o h objciv niindpndn x­
n or siz o  qni s is don in t diion oni bov (r  mphsics nosic 
diion oni-indpndn mnids s  2021) Conx wi mk i cr whn h 
mnid or v o qni is mn in  niriv or nif w 

9 Osid o mchnics, ddiion dimnsions r crica chr, C nd r mprr 
e r inrodcd I wil on d wit mchnics in his chpr r simpiciy 



96 MAHMOUD JALLOH 

eg [1  2 ] = [1 ][J = D1 D/° Conside [F] = [m]x[a] = ML2
• 

Hoeve on antities oie dimensions can be smmed o sbtacted 
In othe ods i 

1 


1 
+ k2 2 

= 
3 

is coheent then [ q] = [ 
2

] = [ 
3 

]. hat 
the tems o a phsica eation mst have ea dimension is dmensona 

homogenety.11 Intitive it maes no sense to add a ength to a ce etc 
he dimensionait o a dimensioness antit ( ie a nmbe) is [ 1 ]   hich 
is the identit a antit  o abita dimension []  [1] = []12 he 
podct o a antit o some dimension and anothe o invese dimension 
is dimensioness [] X [r1 

= []
Eations ae mee epesentations o eations beteen antities 

hich ae themseves "od': 13 Reations beteen antities ae phsica 
sstems and eations ae thei epesentative contepats mathemat­
ica modes. Qantities ae eithe epesented b vaiabes associated ith 
dimensions o nmbes associated ith nits Whethe o not the nits o 
dimensions o the antities in some eation ae itea epesented the 
stcte o a dimensiona sstem ( o deivative that o a nit sstem) de­
temines the possibe ms o an antitative eation As antitative 
eations epesent phsica sstems the stcte o a dimensiona sstem 
detemines hat eations among the antities themseves ae possibe the 
ageba o dimensions mios the ageba o antities I sch a dimensiona 
sstem is at hand an definabe sstem o nits on those antit dimensions 
is coherent. hat e ae deaing ith sch dimensiona o nit sstems is a 
ndationa assmption o dimensiona anasis and the soce o its tiit 
As Steett has it 

Ths, i it is known that the sstem o nits is coheent, it os that the 
nmeica eation has the same m as the undamenta [dimensional] 
eation. The form of the numerical equation can be known independently 

o actay sing nits and nmeica expessions to expess the antities 
and then deiving the nmeica eation fom the antit eation-so 

10 The sqre brces denoe te densonal exrcon uncon Bsc dmensons wll 
be denoed b n-lcied leers le L r lenh Prodcs o powers o tese bsc den­
sons re he vles o he [X fncon Toln (1917) nd Dewr (2021) ve ore sophs­
ced ccons o he operons o he qn clcls 

1 We owe hs rulon o he prncple o Forer (1878), see De Clrk (2017) 
12 Qn densons r n Abeln rop The rl properes o densons de­

serves  ch ore horog dscsson See Rposo (2018); Rposo (2019) r soe dels 
nd  fiber bndle odel 

13 M se here s  odds wh Mrens (2021), r who qn" rers o he represen­
on nd no he phscl propery. 
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on as te reqrement tat te system o nts s coerent s met. Sterrett 

2009, 806) 

s s at generates te representatonaontc symmetry aty e

scre eow c s essenta to my argument (see 4.1. 

e nmerca representatons o qanttes are etermne y te system 

o nts se. We nerstan a nt system as a coecton o maps om pys

ca qanttes to nmerca representatons. Eac partcar nt system 
parttons te pysca qanttes nto eqaence casses nepenent o 

te partcar omomorpsm t aopts e.g. massngrams s mass-n

kograms. ese nt systems are reate y to kns o somorpsms­

tose tat act on te qanttes temsees an tose tat act on te nt 

system mappngs. Dstngsng te qanttes om ter representates 

e can efine to casses o symmetry transrmatons: 

epresentatona Symmetres) ransrmatons on te assnment o n

merca representates to qanttes tat eaes te qantties and ter 

ratios nchane e.. nt system transrmatons. 

ntic Symmetres) Transrmatons on te qantites temselves c 

cane te nmerca representates o qanttes r any en nt 

system, ean ter ratos ncane e.. nersa eocty boosts.14 

Representatona symmetres are transrmatons o mere representaton. 

Ontc symmetres are transrmatons o pysca systems. 

e comparatst os tat qantty ratos are more unamenta tan 

ntrnsc mass qanttes ong to ter narance ner ontic scae trans

rmatons. e (nae comparatst ares tat scae transrmatons o 

asc qantty mensons ke mass ong are u symmetres: 

 Comparatst Commtment) Basc qantty  ontc) scae transrmations 

are f symmetres.15 

14 The onicrepresenaiona disincion corresponds o he acivepassive disincion ha 
some may be miiar wih 

15 The range o aniabsouis views incudes more han jus comparaivism. To accep ha 
hese scae ransrmaions are f symmeries ony requires he denia o inrinsic mass quan
iy quiddities. The denia o quiddiies can be accommodaed by muipe views. Mos weal<y 
i impies a sophisicaed subsanivaism (Wo 2020) More srongy here woud be no quid
diies i tere were no inrinsic quaniies a a-or a eas no objecive cs abou hem as in a 
reaionais view (Dasgupa 2020) There are aso a variey o comparaivisms on offer, as deve­
oped by Marens (2017, 2018, 2020) 
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The absotst rejonder shos that basc mass dobng cannot meet both 
crtera reqred o a f smmetr so t s mportant to dstngsh the to 
condtons: 

Empirica Smmetr An empirica smmetr is a map om one phsica 
sstem to another that eaves nchanged a observabe phenomena, i.e. it 

taes a sstem and generates an observationall indistingishabe sstem. 

Dnamica Smmetr A dnamica smmetr is a map om one awul 
phsical sstem to another awul phsica sstem, i.e. a transrmation that 

eaves the as invariant.16 

Agan a f smmetr one that jstfies the varancetonreat nerence 

sed b the comparatvst must be both dnamca and emprca. 
An expct verson o the argment aganst absotsm can be stated: 

1. I qantt Q s varant nder some f smmetr then Q s not 
fndamenta. 

2. Mass dobng s an emprca smmetr: I a o the mass qanttes 
ere dobed there od be no observabe dfference.17 

3. Mass dobng s a dnamca smmetry 
4. Mass qanttes are varant nder a f smmetr. (2 3 
5. Mass qanttes are not fndamenta. (1, 4) 

Premse (1) o ths argment s a rm o the more genera varance-to­

nonfndamentat (or nreat or non-objectvt) prncpe common 
accepted b phscsts and phosophers ake. Premse (3) s a post that there 
s a comparatvst paraphrase o the as that s genne Netonan bt s 

ndfferent to mass dobngs. The probem rased aganst ths argment s 
the nconsstenc o (2) and (3. Genera conterexampes to ths argment 

16 In his conex a crierion o a dnamica smmer is ha he appicaion o ransfrm­
aion o a ssem commutes it he au ime evoion o he ssem. See Ismae and van 
Fraassen (2003) J. T. Robers (2008), and Wigner (1979) fr discssions o he reaion beween 
hese o casses o smmeries. 

17 This argmen is mean o direc parale argmens agains he exisence o absoe 
veociy, see Dasgpa (2013); Dasgpa (2016). Crcia his argmen depends on absoe 
mass, and some cass o phsica qaniies more generaly, no being observabe. J. T. Robers 
(2008) and Dasgpa (2016) cash his o in erms o he impossibii o consrcing abso­
e qani deecors. Boh paries o te debae end o accep ha absoe qaniies ike 
mass are no direc observabe. For criicism o he deecabii inerpreaion see Marens 
(2021, 2540-44). In igh o his e migh drop he observabe adjecive and sa ha empirica 
smmeries eave a he qaiaive cs nchanged (see J. S. Rsse 2014). 
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re tken to trget the empiric smmetr premise, (2), bt m presenttion 

beow wi cs on how the conterexmpes cn be se to bring more cs 
to (3). B showing tht the probem with the rgment ginst bsotism is 

the miscssifiction o  bsic qntit trnsrmtion s  f smmetr, 
I proie n rgment ginst bsotism tht is immne to conterexmpe. 

3. Baker's Counter Example 

Bker (2020) presents  conter exmpe to comprtiism, showing tht 

mss obing is not  u smmetry.18 Consier  two-bo sstem:  pro­
jectie traeing with eocitv pro w om  pnets srce. From Newtons 
ws we cn erie n eqtion r the critic escpe eocit sch tht i 

V pro > V escape' the projectie wi escpe the orbit o the pnet: 

(Escape Velocit )v "' = Z�M , 

where G is the grittion constnt, M is the mss o the pnet, n R is 
its ris. Note tht the eqtion r the escpe eocit epens on on the 

mss o the pnet n not the projectie mss. On Erth, the Mn v pro re 
sch tht the projectie escpes. In the mss obe conterprt sstem, the 

pnet Pnor's mss is sch tht the projectie oes not escpe. The sticldng 
point is tht the comprtiist sees initi sttes o the Erth n Pnor ss­
tems s emprical equivaent. So the comprtiist cnnot ho tht the ini­
ti stte o the two bo sstem hs  niqe ftre s etermine b the ws. 

Bker presents this conterexmpe to comprtiism s showing tht 

comprtiism introces ineterminism into eterministic sstems. A i­

erent presenttion wi better sere or prposes: the conterexmpe gen­
ertes n inconsistent tri. The three inconsistent propositions re: 

( ) The initi sttes o the Erth n Pnor sstems re inistingishbe; 

(b) The fin sttes o the Erth n Pnor sstems re inistingishbe; 
( c) The nmics re e inrint b the trnsrmtion tht mps the 

Erth sstem to the Pnor sstem. 

18 Marens (2018); Marens (2021) has shown his o be ony one insane o a broader lass 
o ounerexapes in whih wo or ore paries eiter oide wih or escape eah oher, 
depending on heir absoue asses These are a equivaen fr my purposes. 
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he first two propostos llow om mass doblg beg a emprcal 
smmetr, the thrd om mass doblg beg a damcal smmetry. I 
mass doblg s a emprcal smmetr, the t caot be a damcal sm
metr: the traector reqred s cosstet wth the escape veloct eqa
to. I mass doblng s a damcal smmetr t caot be a emprcal 

oe: ether the tal state or fial state o the sstem mst be chaged r 
the posto o the proectle to match the Earth case at the opposte tem­

poral state (fial or tal) whle havg a trajector cosstet wth the laws. 
Geerall the sse has bee characterzed as oe o emprcal adeqac or 
dstgshablt; ths presetato hghlghts the sometmes mplct as
smpto that the relevat emprcal smmetres are a sbset o the set o 
damcal smmetres.19 Mass doblg caot be both a emprcal ad a 
damcal smmetr, so t s ot a fll smmetry. 

4. The Argument against Absolutism Redux: Lessons fom 
Dimensional Analysis 

Dmesoal aalss depeds o a mber o basc (thogh ot totall 
cotroversal) assmptos. A accot o these assmptos provdes 

a rote to a proo o the IT-theorem. he irst assmpto s that all o the 
basc qattes that figre  eqatos whch are represetatoall ad
eqate have a rato scale strctre. hs meas that all qattes o a basc 
dmeso ca be related b a scalar mltplcato operato o the rm 
f: x �Rx.M, legth, ad tme all share ths strctre ad so are sted 

to rm the dmesonal bass r mechacs. hs ca be attrbted to the 
fdametal dea that these are all extesve qattes, .e. the magtde 
o a whole s a addtve ucto o the magtdes o ts parts. 20 B treatg 
these qattes as basic we are treatg them as bldg blocks om whch 
all other qattes are defied. 

19 Mtens kes ths expct The dync condton s ponounced even n the guse o 
the possbilty checkng ppoch: Coptvs shoud povde t est one etphyscy 
dstnct (nd dyncy oed) possbe od f ech epcay dstnct possbe od 
oed by bsouts I the etphyscy dstnct ords tht coptvs cknoedges 
 to dffeentte beteen those dstnct epc possbiltes then coptvs s ong. 
I on the othe hnd the set o  the etphyscy dstnct possbe ods cknoedged nd 
dnamicall allowed b comparativism contns  the epcy dstnct possbe ords ( tht 
e dnamically allowed b absolutism), then e y opt f coptvsm ove bsouts 
bsed on n Occst no (Mtens 2021, 2524 y ephss)

20 I hee gnoe ny dstncton between ddtvty nd pope" extensvty; c£ Pey (2015) 
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In  cplete" sste unts (r ensns the erie qunttes n­

hert se prpertes f the bsc qunttes hch efine the .e. the 

t est n  rt scle. he rt scle structure  the echncl qun­

ttes efines  grup  unt trnsrtns: 

nt rnsrton) For n quntt   V x U, there s  clss o 

mps  � ', U � U', V � V', such tht U'  xU, V'  x-
1, '  , 

where ER+ . 

An eple: the representtnl Qtrnsrtn 
0  klgr< 0000 x gr. It nvlves  Utrnsrtn 

  ldlgr < 000 x gr n  Vtrnsrtn 0 < -
  0000. 

000 

Whle there re n nefinte nuber  representtns   quntt n 

se ensn ng t the nefinte nuber  rerence unts ll  the 

representtns re equvlent uner the grup ctn. 

Insr s e tke qunttes n equtns  qunttes t be escrbng 

phscl phenen n nt ur esureent stnrs e requre ll 
bjectve" quntt equtns t be nvrnt uner unt trnsrtns. 

Gven tht these unt trnsrtns re ultplctve n nture t s ntu­

tve tht qunttes efine b pructs n vsns ( n tertns there 

.e. pers  the bsc qunttes ll ls be s nvrnt. As r equtns 
t s ls reltvel ntutve tht equtns nl nvlvng ters lke en­

sn ll be nvrnt uner unt trnsrtns. he equtn Z = X + Y 

rens true uner trnsrtns  the r Z  cZ, X  aX, Y 1 bY, 

n cses n hch a= b = c, .e. Z = X + Y < aZ = aX + aY. hese re cses 

n hch ll three qunttes shre the se ensn n s the se unt 

trnsrtn ctr. I, say Y s  fferent ensn such tht r se 

unt trnsrtn a  c = b, then aZ  aX + b Y ul nt ren true n 

n cse n hch a Y' = b Y, here Y' = Z  X s efine n the rgnl unts. 
hs vltn  ensnl hgenet es nt gurntee vrnce 

uner all unt trnsrtns there  be se unt trnsrtns  

se equtns n hch t just hppens tht a = b even thugh [ X] = [Y]. 

4.1 From the Representational to the Ontic 

Here I escrbe the n etphscl ve e b  usge  the IT-the­

re. Fr thse ntereste n prs  the there see ppences A n 
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B and the eences theen. hose unnteested n an technca deta ( o 
those who tae the actepasse duat as a matte o couse can sp to 
4.2 and 4.3  the souton o the escape eoct case and a summa o the 
amended agument aganst absoutsm. n ode to pode poos o the I­
theoem we must fist poe Bridgman' Lemma: that a deivate quan­
ttes tae the m o poduct o powes o the basc quanttes.  do not 
pode a poo hee2 but w befl descbe the easonng and mpot­
ance o the emma. 

he tas o the emma s to show that the deed quanttes n a coheent 
sstems o unts hae an essenta m. t s estabshed that dmensona
homogeneous equatons ae unt ndependent (see aboe. e tae as a con­
stant on the m o a deived quantt that t s a fncton o basc quan­
ttes. Futhe the defining equaton s tse unt naant e.g. F = kma. hat 
these definng equatons on tae the m o poducts o powes o the basc 
quanttes ( wth a numeca scae ctor k s Bdgmans Lemma. Bdgmans
poo o the emma s pesented as an anatc eaboaton o ou" eque­
ment that eate magntudes hae absoute sgnficancendependent o 
numeca epesentaton .e. unts. Fo Bdgman (93 2 ths natua 
ows om an opeatonast pont o ew the measuement o eate 
magntudes s fist and emost a compason o bodes whch coud not be 
affected b a change n ou opeatona standads. Settng asde opeaton­
asm we tae t as an assumpton that thee s some unt tansmaton 
naant eaton undeyng the compaate measuement o basc quan­
ttes.22 Fom ths t can be poed that a deed quanttes must defined as 
powes o poducts o the basc quantt unts: Qec/ulcs = kmx lYtz. hs de­
fines a compete dmensona sstem: [Qechmilcs] = [mx ][/Y ] W]. So much  
Bdgmans Lemma. 

he Itheoem n a nutshe states that an adequate phsca equaton 
that descbes a sstem can be put nto UEquaton m23 

(U-Equaton 1(l
l
' l

2
, . .   , T,)= 0 

21 Readers can consult Brdgan (1931) and BerberanSantos and Poglan (1999) fr proos 
o the lemma. 

22 Perhaps we do so on the bass o the necesst o objectve communcaton, see J. . Roberts 
(2008). Even the absolutst wll accept the nvarance o quantt ratos o lke dmenson under 
unt transfrmatons. 

23 hs s m termnology. Sterrett (2017) calls ths "he Reduced Relaton Equaton o1914' 
Others sometimes rer to ths equaton as the IT-theorem tsel, but I thnk t s more proper to 
consder the theorem the clam that an complete phscal equaton can be put n ths frm. 
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where the -terms are dmensoness derved qanttesprodcts o powers 
o basc qanttesadeqate to descrbe the system and l s some arbtrary 
ncton. he T-theorem gets ts name om the rm o the unctons that 

l 

dene the T-terms: T= k IQi, as estabshed by Brdgman's Lemma. 
I 

 w dstngsh two versons o the theorem not oen dstngshed. 
Usay athors have one nterpretaton or another o the rest , 24 a agree 
that there s an mportant sense n whch the rest s abot mathematca 
strctre. he qeston s the proper ocaton o that strctre: s ths a re
st o the agebra o qanttes or o the nmbers whch measre them? For 
the representatona proo, the nvarance o the nmbers whch measre 
qanttes s essenta to the restng -theorem. For the ontc proo, t s 
rather the qanttes themseves and ther dmensona propertes whch 
are essenta to the rest. My argment here s that these two proos can 
ndeed be seen as mere dfferences n nterpretaton" sch that both read
ngs o the transrmatons descrbednt transrmatons and ontc scae 
transrmatonsare avaabe.25 Frther,  arge that a commtment to the 
representatona theorem and some mnma assmptons regardng meas­
rement enta a commtment to the ontc theorem.26 

We first reconsder the natre o the nt transrmaton dscssed above. 
Let s first specf a netra concepton o an eqaton between the nmer­
ca and the qanttatve. We take an eqaton to represent reatons between 

 For exmpe, Brgmn (1931) kes he rms pproch nce b he represen
on nerpreon o he heorem, he Buclnghm (1914) kes on (someh reucn) 
te mephsc sgnicnce o he nc nerpreon, s oes Tomn (1915), more enhus
scy For scussons o he hsor o he heorem, ncung pror spues see Pober 
n Georgevsk (2006) n Serre (2005; 2017) n her rerences Gbbngs (1982; 2011) 
gves  poog o proof n hs on mephsc ccoun See so Wer (1990) n 
Mche (2019) on te hsorc mephsc spue regrng mensonssee Sko (2017) 
r  conemporr scusson. 

25 Serre (2009) hs brough  o m enon t Mxe (2002) so noe hs mbgu 
n he nerpreon o phsc equons. M unersnng o hese equons s quantity 
equations s n ne t Serre's ve n he ccoun o Loge (1888) Accepng qun 
equons mens ccepng he ppcon o mhemc operons o qunes Ths vos 
he awr orkroun o Mxe ho vos he suppose nppcb o gebr o 
phsc qunes b converng beeen numbers hch cn be so mnpue n proper 
qunes v he nroucon n emnon o uns-Brgmn (1931) kes hs mpc 
consrn o be he o sgnicnce o mensons For more on he doube nerpreon o 
phsc equons" see e Couren (2015) n Mche (2019). 

26 Th, herere, he en o he nc smmer rnsrmons ou rce he bso­
us o rejec he represenon smmer rnsrmons ( un rnsrmons) s rgue 
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quantities either directl r indirectly in either case e tae the representa­
tives hich figre in an equatin t have the cannical rm  a numerical 
value multiplied b a unit quantit Q = V XU.  e tae the representa­
tin t be direct, then e tae the dimensin assciated ith the unit t be 
cnstitutive  Q such that the principle  dimensinal hmgeneit is a 
metaphsical instantiatin  Leibnizs Law.27 Alternativel, e tae the di­
mensin  the unit t be inessential t the representatin28 and merel a 
bkeeping device hich reminds us  the cnventinall decided rules 

hich crrespnd t the principle  dimensinal hmgeneity. nder ei­

ther interpretatin  units, the are taen t represent a member  a grup 
 hmmrphic maps fm quantities t numbers hich represent the mag­
nitude  the quantit, here represented b VE R.29 That the units  sme 
dimensin rm a grup is simpl anther a  saing that unit transrm­
atins are smmetries  the rm U tan

s 
 V 1 V'. Fr the representatinalist 

r cnventinalist, this is a direct numerical transrmatin and the ne 

units assciated ith V' merel indicate a different standard r measuring Q. 
Fr the metaphsician there is anther set  smmetries that share the 

rm V 1 V' ith U
trns

. These smmetries are transrmatins  the quan­
tit itsel Q 1 Q', hich is defined as an autmrphism  the quantit di­
mensin: Q, Q' ED. These ntic transrmatins can change the apprpriate 
numerical representatin  a quantit hile leaving the units the are de­
scribed ith invariant. The unit map is preserved under the transrmatin 
U1ap 

0 Q = V � Umap 
oQ' = V' .30 This prvides anther set  transrm­

atins under hich phsical equatins ma be invariant quantit dimensin 
transrmatins. 

The I-therem prvides a bridge fm the invariance  phsical equa­
tins under unit transrmatins t the invariance  phsical sstems 

b Wl (2020 4950) This is a difficul and invlved arumen s I will n ress he in 
here Furher I discuss a differen lhle ha he absluis ma ake in secin 5 

27 Here nl he dimensin assciaed wih he uni bu n he uni isel is essenial  he 
quaniy Here a uni is jus anher quaniy 

28 The unit is  curse essenial  he representtion-a chane  unis cnsiues a chane 
 reresenain, 

29 Or i we cmmi  absrac r mabe nl hhetcal quani maniudes (which hen 
mediae he alicain  value-uni reresenains  cncree quaniies) uni ssems are 
isomorphic mas (see Wl2020; Tal 202) This makes n difference  m argmens 

30 Ne ha he value  he uniquaniU1.p o Q = 1 will chane V- V'. This suble is (as 
r as I can ell) larel irrelevan fr wha fllws bu see Wl (2020 553) fr a discussin 
 quani dimensin ranslains vs quani dimensin dilains 
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under quantity transfrmations. That any physica system can be repre

sented by an equation o dimensioness quantities is the crux o the revised 

argument against absoutism. A symmetries o an Ur-Equation represen

tation o a system are dua. On the one hand, we have the representationa 

symmetries accepted by a partiesunit transfrmations. These change 

the numerica vaues associated with constituent dimensiona quantities 

but eave the dimensioness I-terms unchanged. This requires us to under

stand the I-terms as providing a semantic ink between an equation and a 

system itse: the I-terms represent the quantity reations o the system that 

have absoute significance, their vaues have unit-independent meaning. 

As shown above, there is aso a cass ounit-independent, ontic symmetries 

which act on the constituent dimensiona quantities o I-termsthese 

symmetries act on the system's quantities themseves. The cass o ontic 

physica symmetries which eave the I-terms invariant are the cass o on­

trivial, empirical symmetries. For this reason, the Ur-Equation provides 

a we-tuned representation o physica systemsits frmaism is coord

inated to the physica structure o systems without excess representation. 

A change in the vaue o a I-term necessariy represents a change in the 

physica system, whie a change in the vaue o a constituent dimensiona 

quantity may be an artict o a purey representationa change, ike a 

change o units systems.31 

4.2 Smmetries Defined b the I-Theorem: The Escape 
Velocity Case 

Reca that one historica aim o this theorem was ulimatey to provide a 

standard fr scae modes in aeronautics.32 This theorem provides a condi­

tion that must be met fr one physica system to serve as a mode o another, 

31 Seres analoy beween Buckinham's heorem and Wiensein's ractatus has realy 
clarified my hinkin on his poin We may consider he dimensional quaniies as aomic ob
jecs and he dimensionless I-erms as proposiions abou he relaions o hese objecs ( aomic 
cs) As i were, te world consiss o cs and no tins; he I-erms are accordingy iso
morphic o he physical cs while he dimensional quaniies il o represen in isolaion 1 
represens hier-order proposiions which are decomposable ino relaions, here dynamical 
raher han loical, beween he basic proposiions, I-erms. The equation tself seves as a 
mode o the system. See especially he diarams on paes 225 and 227 o Serre (2005) 

32 See Serre (2005) fr more on he hisorical developmen o he frmal resuls o dimen­
sional analysis 
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e the theorem defines emprca smmetres fr phsca sstems33 We can 
descrbe two sstems S and S 

S 1(I
1 '


2
, . . .  =  

S (
z
  , /)=  

S and S' are emprca ndstngshabe  and on  the vaes o the d
mensoness terms are nvarant, e 1 = /, nder some transfrmaton 
o the basc dmensona qanttes whch compose the terms 

 
   lGM d .  

 
h . d n or escapng proJect e case = 

2 
- an  IS a nct0n t at e s 

rv po 

the UrEqaton frm  - + E =  34 The rato between the projecte's es­
cape veoct and ts acta veoct s conserved across smmetr transfrm

v 
atons that eave  nvarant at approxmate : ecscape + E =   two sstems 

po 

are to be dnamca smar and share the same , t mst be the case that 
the nmerca vaes o the terms are eqvaent between the two sstems 
 s a hgheve descrpton o the dnamcs o the sstem t constrans so
tons to the eqatons o moton to those n whch the projecte just has the 
veoct necessar to escape the panet's orbt 

Bckngham's argment s that changes n the basc qantt dimensions 
w eave the terms nchanged n the transfrmaton  S � S', becase 

the are dimensioness.  a o the operands and the vaes o l and  are 
dentca, then the unctons mst be the same35 Ths dentt sgnies 
a smmetry n the cases we are concerned wth l and l stand n fr the 

33 I should be oed h he oo o phscll smlr ssems" h he heorem l
lows us o rmlze s more nered d sophsced h e sdrd o emprcl sm
mer  m cosder here Besdes dmcl smlr here s e.. eomercl smlr 
d kemc smlr. Phlosophers cocered wh smmeres would do well o cosder 
phscl smlry see Serre (2009; 207). 

34 
E s smpl  smll cos dded so we c del wh equales rher h equles 

sce srct spek he escpe suo requres  < . 
35 As sed hs s  vld erece. Cosder he operos o ddio d mulplc

o whch hve he sme vlue, 4 wh he sme operds 2 d 2. The rume reles o he 
operds be more fiered h he vlues o .  we dsgsh dffere sces o 
he erms b he vlues o her cosue bsc quies, he we c clm h 1 s de­
cl o v  r ever sce o  se o erms reled b bsc qu smmeres (.e. o 
he sme vlue) he eld he sme vlue. The dmcal lws re shelded fom o-emprcl 
dffereces  qu vlues. 
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dynamical laws hs makes good on an assmpton made b comparatvsm, 
that the relevant emprcal smmetres o a sstem are a sbset o ts dnam­
cal smmetres and are hence ull smmetres A rmerl problematc
prncple s jstfied measrable qanttes mst be nvarant nder dnam­
cal smmetres 36 hs lcenses the nrence om the exstence o a class 
o emprcal qantt smmetres to the exstence o a class o full qantt 
smmetres 

We can generate a fll qantt smmetr b () arbtrarl transrmng 
an o the basc qantt dmensons; () adjstng the dervatve qan­
ttes accordng to ther dmensonal composton, n lne wth Brdgman's 
emma, whch wll keep the vales o the terms nvarant. 

Now we can retrn to the escape veloct case and show that a full mass 
doblng smmetr, whch nvolves more than doblng the masses o ob­

jects, does not generate ndetermnsm or volate the laws Consder agan 
a staton n whch the projectle escapes, v, = J2� 7 n step () o the 
transrmaton, as mass s a basc qantt dmenson, we appl an arbtrar 
rato transrmaton: m1 � 2m1 r i massve objects We can descrbe the 
transrmed staton ths vescape = , so v s now nsfficent to espr cape, but we do not stop here. 

n step () we change one o the derved qanttes n order to preserve the 
vescape • relevant term he term s T= , or I=, and the derved 
vpro 

qantt to be transrmed s the gravtatonal constant G, whose dmensons 
3M-1-2 define the compensatng transrmaton the vale as a halvng, ac­
cordng to dmensonal homogenet Here's an explct dervaton modeled on Brdgman (1916) et's dene G 
as the prodct o a dmensonless nmber y and ts dmensons LM-1-2 (n 
abstracton om an partclar nts) we deine mass doblng as operatng 

36 This measurabilit-invarianceprinciple is the puzzle that is taken up b J T Roberts 
(2008) Roberts denies that the principle is analtic and I agree. The snthetic principles are 
work here are dimensional homogeneit and ridgman's Lemma. I think it is plausible that 
these are equivalent or closel related to the publicit principle Roberts proposes Note that­
with RobertsI take this to also provide an explanation of Barman's (1989) prescription that 
geometrical smmetries should not exceed dnamical ones in a well-tuned" theory. 

37 From here on I drop the E • 
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diect on the dimension, then M = 2M So then the new gavitationa con
1 stant G eqas yLM1 r2 , and b sbstittion G = yLM12

• heee 
2 

G = � G Anothe wa to ndestand this indced tansmation o G is that 
2 

G has (invese mass; its dimensionait has negative exponents in the mass 
dimension, so i a qantities with mass dimensions dobe, those with invese 
mass dimension wi have Unde the competed smmet tansmation, 

v" =�M  
whee G = �G. he oigina empiica sitation in which the pojectie es2 
capes is peseved: 

v" =v,r =P�M ' 
and 

V 
IT = scape 

: l . 
V pro 

hat the tems ae invaiant nde some tansmation o qantit di­
mensions is Buckingham' Criterion  a f qantit smmet: 

(Bckingham's Citeion) On those qantit tansmations which 
peseve the vaes o -tems that epesent a phsica sstem ae u 
smmeties o that sstem. 

 the absotist is committed to the pincipe that phsica eqations ae nit 
invaiant (epesentationa smmeties and some fndamenta pincipes 
o dimensiona anasis, the ae committed to the theoem his in tn 
commits them to ontic qantit smmeties, which, i the accept the va­
idit o vaiance to neait ( o nonndamentait ineences, povides a 
decisive agment against thei absotism38 

38 Wolff (2020) coes o a siilar conclusion, hough by way of easureen teory ra­
her han diensional analysis J. Robers (2016) also responds o he counerexample o 
coparaivis uch he sae as  do bu works on he basis of a less general principle han 
he ITheore See also Dewar (2021)i is no clear o me wheher or no his group-heoreic 
sophisicaed absoluis is equivalen o group heoreical presenaions of he ITteore and 
he resuls of diensional analysis, copare Corrsin (1951); Boyling (1979); Curis, Logan, and 
Parker (1982); Raposo (2018; 2019). 
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Pt somewat more simpl: a qantit transrmation is a fll smmetr 

i and onl i it leaves te ratios o all qantities saring some dimension in
variant according to teir exponent in tat dimension. 

4.3 Executive Summary of the Amended Argument 
against Absolutism 

 ere present an amended smmetr argment against qantit absoltism. 

irst consider te original, iled argment: 

( 1) or an spposed fndamental propert F, i Fvaries nder a fll sm
metr, ten F is not fndamental. (variancetonrealit inerence) 

(2) Mass dobling is a ull smmetry. (naive comparativist commitment) 
(3) ntrinsic mass qantities var nder mass dobling. (definition o 

mass dobling) 

Terere, intrinsic mass qantities are not undamental. (1, 2, 3) 

Premise (2) was lsified. A ull smmetr is a transrmation that is bot a 

dnamical and an empirical smmetry. t was establised tat mass dobling 
cannot be bot.  amend te argment b sbstitting (2) and (3) with (2*) 

and (3*): 

(2*) Tere is a class o full qantit smmetries defined b te ­
teorem, wic incldes ull mass dobling, a smmetr wic 

dobles te masses and alves te gravitational constant. 
(Bckingam's Criterion) 

( 3*) ntrinsic mass qantities var nder fll mass dobling. ( definition 
o ull mass dobling) 

Note te generalit o te reslt: an qantit wic is not dimensionless, is 

not undamental.39 

Te argument r te pivotal amended premise (2*) is te establisment 
o Bckingam's Criterion r a general qantit smmetry. Te first part o 

te establisment o Bckingam's Criterion is to provide a general rm r 
psical eqations, te Ur-Eqation. Its generalit is jstified b te assmp
tion o dimensional omogeneit and te completeness, or nit invariance, 
o the psical eqations in qestion. Tese are ndeniable, at least r te 

39 This avoids the pushingthe-bup-underthecarpet" objection that can be ade against 
other comparativiss see Martens (2020, 15). 
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equtons we c phsc ws.40 Brdgmns Lemm tes us the rm o the 

qunttes, fnctons, tht figre n the UrEquton. These re mesurbe 

qunttes, dmensoness products o powers o bsc qunttes. Wth ths  

n pce, the Itheorem cn be proved. As the UrEqutons whch represent 
sstems embed dnmc equtons, .e. equtons o moton, quntt trns

rmtons whch eve ther lfnctons nvrnt re b definton dnm -

c smmetres.41 As on -terms figre n these equtons, such  dnmc 

smmetr must eve ther vues nvrnt s we. A bsoute sgnficnt 

qunttes re terms, therere n trnsrmton tht eves the terms 

nvrnt s n emprc smmetry. So we hve n ntersecton o the dnm

c nd emprc quntt smmetres o  sstem. These re smmetres n 

whch ndvdu qunttes m be trnsrmed ccordng to ther rto struc

ture, nd constrnts defined b the preservton o the sstems dnmcs c

cording to gener w w nduce trnsrmtons on other qunttes such 

tht the emprc stuton, specfied b terms, remns nvrnt. 

t s mportnt to cr the resuts o ths rgment gnst bsoutsm. 

Ths smmetr rgment, mpervous to the sorts o counterexmpes to 

Dsgpta's smmetr rgument gnst bsoutsm, hs  more modest m 

thn ts predecessor. t shows tht bsoute qunttes re not more funda­

mental thn quntt retons. However,  one dopts  strong, Ochmst 

vrncetounret prncpe, one m use the Bucknghm css o 

smmetres to rge r the non-existence o bsoute qunttes nd the b

soute fndmentt o quntt retons. For Dsgupt, these retons 

re between ctu bodes, but one m nsted dopt  qusPtonst 
structurst vew n whch the fndment quntt retons re be­

tween unword quntt mgntudes or second order propertes (  gross 

goss o Woff 2020). As  see t, there s no reson not to extend the rgu­
ment n n o these drectons: wek comprtvsm (Mrtens), retonst 

comprtvsm (Dsgpt), nd structursm (Woff) re  consstent wth 

m rgment s t stnds. 42 As t stnds m rgument s not n rgument for  

40 Bu see rozier 2020 fr some o he issues regarding "uniinvariance' A much deeper 
accoun o he naure o dimensions and heir relaion o he laws and he significance o dimen­
sionless quaniies is needed 

41 For example, similiude mehods exploiing te resuls o he Iheorem are widel used 
in fluid mechanics, where analical mehods are inracable Examples o such derivaions o 
dnamical equaions can be fund in exbooks like ibbings (2011) 

42 One ma worr ha m appeal o a consan G is in ension wih Dasgupasle 
relaionalis comparaivism in which he undamenal quani relaions are beween bodies. 

This is no he case The consans can be undersood as highl complex relaions beween 
bodies or regions o emp space-he are disincive in ha he are, in some sense, he same 
relaion everywhere. 
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copaavs accou o qua bu s a popauc o o. Fu 

cos a  o av a cop apscs o qua. 

s accou o  qua ss aks o accou iequa 

aos. Qua ss ga qu  asao o utp 

quas, oug  a as o a sg basic qua dimension. 

B gog qua aons,  copoa ba as b bu o 

a acous assupoa pa ag o o o aos wo w sccs 

On b a ac coul au m a os h sz o w hoss, o a 

ga  s  hg o a ma-unss sh ga a h popo
os o h bs, spca os o h sko, ckg h bos 

 bo  oa s. 
Smary, o bv a n afica macs h ag an sma a 

qua paccab a uab s a mas o. Tus,  xap, 

sma sp, l cous, a o so saps ca b sa x 

o g whou sk o bag , whas v ag os w 

go o pcs a an avs acc, o  o o caus a ha o h 
own wgh. Ga 63, 4 

5. The Nomological Role of Constants 

 s o gg ssu.  cao op o s  , bu 'd k o op 
s vsa  suvg.  accou o soa aass abov gvs o 

spca o o  cosas o au, pacua  gavaoa cosa. 

 consas a  paas o quaos a a avaab o b as­

 b qua ss. I,  a o spca   ss ha 

 a os ap o b apua  qua ss as  scb 

 coupg o vaous ogca p basc quan sos. 

L  ca wa  a b cosas o au Joso (2018) 

sguss  ks o quas ca consas": sca cos, 
sspn paas, a sspn paas.  

ssp paas a universal consas a a  co

c . Sca cos a  uca acs a can b s 
o ov fo quaos a w b u cags.43 Ssp 

43 Eg. the 4 fctors that appear and disappear in electromagnetism (Maxell's equations) 
depending on whether one is working in rationalized or unrationalized unit systems (see 
Silsbee 1962) 
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rtrs on th othr hnd r quntitis tht corrsond to scts o 

rticulr hsicl ssts. For xl, th dnsit o  fluid p  b d­
find s th rtio o its ss nd olu p = m/V For th trtnt o so 

rticulr luid, lik n idlizd incorssibl fluid, this quntit  in­

dd rin constnt, but its lu diffrs r diffrnt fluids. 
Aong sst independent rtrs thr r two hilosohicll 

rlnt subkinds o constnts o nature.44 W distinguish: rortis o 

th fndntl rticls (.g. m
p
, m

e
, e) nd rortis o th fndntl 

filds ( .g. c, h, ). M concrn hr is soll th lttr clss o constnts, th 

intrction constnts which dscrib rious sorts o filds.45 Gin tht 

th dbt btwn th cortiist nd th bsolutist hs concrnd th 
ossibilit o chnging th bsic quntitis, i.. constnts dscribing fn­

dntl rortis o th fndntl rticls, w cn undrstnd th 

qustion risd hr s: Do trnsrtions o th rticl constnts induc 
trnsrtions in th intrction constnts? 

Howr, intrction constnts s to l  or significnt rol in ll 

hsicl lws: thir lus s constitutive o th lws. It ss tht i th 
gravittionl constnt or n othr intrction constnt is chngd, thn 
the laws h chngd.46 This would n tht thr is so discrnc, 

though unobsrbl, btwn th two sc locit css, indicting th 

bsolutist-fll ss doubling would il to b  dynamical stry. Th 

qustion is thn whthr th lus o th constnts dtrin th noicll 

ossibl worlds.47 Brodl, thr r two iws on cn h towrds th 

44 I ssm Johnsons hrd gor nmr rs o s ors  or xmp 
s vogdros onsn A NB: Ths s onrr o t s onpon o vogdro's onsn 
s  onsn o nr nd  mo s  n o mon o sbsn h n b nd n h SI 
n ssm (BIPM 2019) S Johnsson (2011) r som ommon sns dssn 

45 Thr s  somh smr dnon o h onsns gvn b LevLbond (1977; 
2019) LevLbond dsngshs ss B onsns hh dsrb gnr sss o ph
nomn ( g romgn) nd r nvrs ss  onsns Johnson (2018) nds h 
dsnon nndd s LevLbond hods h h sson o h onsns s onx 
dpndn  mks no dffrn o m hr hhr or no g C s onsdrd s  mr ­
romgn onsn or  nvrs onsn (dsrbng h sa srr o spm) A 
o h onsns I m onrnd h hr m b onsdrd ss  onsns 

46 I i no hr onsdr "sngur ms hr h onsns r n o b nfin or 
0 W l sh ss, g G � 0 o rprsn h bsn o h rvn phss hh s n 
vor o hr nss o h w. nohr s, c � 0, rprsns h ss m o rvy 
I bv h hs ss r dffrn n nr fom  mr dobng  o h mgnds o 
h onsns S Lev-Lbond (2019) r n nrodon o som o h rvn sss 

47 I s sd sss rgrdng spompor vrons o h onsns n  sng nvrs 
S Brro (2004) nd Brro nd Wbb (2005) r ssb nrodons 
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gravitationa constant in particar and interaction constants hich appear 

in the as in genera: 

 Constant Contingentism The magnitdes o the dimensiona con

stants are independent o the aws and depend on nonnomic qantit 

regarities-the var across nomica possibe worlds.48 

( Constant Necessitism The magnitdes o the dimensiona constants are 

ndamenta and necessar across nomical possibe words. These vaes 

constrain nonnomic reguarities.49 

Contingentism natra pairs ith comparativism. For the contingentist 

comparativist, it is on the genera, dimensiona reation beteen the 

constants and dimensiona qantities that constittes the as, the acta 

magnitde o dimensiona constants is irreevant. Some pioneers o dimen

siona anasis thoght o the constants as properties o the environment, 

the gravitationa constant and the permittivit constant ere thoght to be 

properties o empt space.50 Thogh one ma not need to accept this sort o 

ontological gronding fr phsica constants: Bridgman 1916) hed that the 

constants are conventional conversion ctors. One o the most intitive cases 

fr constant contingentism is the ct that e take constants to be measured 

qantities. 51 

Simiar, absotism natray pairs ith necessitism.52 It is nomica im

possibe that the gravitationa frce be stronger than it is. We might nder­

stand the roe o the constants in this a: Rather than have the gravitationa 

48 Ts ve as been aed b ErensAanassjea (1916; 1926) and Nrdsrom (1915) 
and as reen me nder rsm b Marens (2020) 

49 Ts s  be dsnused fm Daan's (2020) ve  e nsans as ( deasbe) den­
tifiers  nversa asDaan maes s pn erse T neesssm s nssen  
e dea ta nsans bapze" nversa as,  s ndependen  

5° Fr exampe, Merader and Vash, see De Cark(2017, 31219). 
51 Reen anes n SI ns asde Ta e vaes  nsans are ere reaed as dened 

s  be ndersd as a nvenna fin Te g-presn measremen  te nsans 
are  be rdned   te spea sene  mer , e se measred vaes are acen 
as ana rs b e res  e senes (see Pee 1983). I s mere nve dvsn  
abre d n, n e same prae, desn e s a e se 

52 B  ese nara" parns are sperr  er mxed nerpars: neesss 
mparavsm and nnens abssm Tese mxed ves ena a msma be
ween te meapss  qanes and e meapss  e as n a a a eneraes 
nsnrnzed anesb vae sme  r mda srpes I  n prvde ar­
mens ere Fr smar reasns, I  ress e delans mve  dn nnensm and 
neesssm  mere enerae dfferen radans  nma neessy Te evaan  
neras (and er nras  nereas) s enra  seni prae and e 
sd pe r a nva sandard 
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cnstnt s a pmete n nctns tht epesent vttn ss­

temsf  G, x, y, z . , the vttn constnt s n essent cnsttent 

 tht fnctn hch epesents the dnmcs  avtton sstems, 

f G ( x, y, z .  ne nt ndestndn  necesstst bstsm s that t 

eds t  tt detemntn  the cts  the d b the s the 

 evethn d hve n tems e t be detemned b expement: 

One pasbe vew o the Unvese, s tht thee s one nd on one  

 the constnts nd s o Nte to be  he vaes o the constants o 

Nate ae ths a jgs pzze wth on one soton and ths soton s 

compete specied b the one te theo o Nte I ths ee te then 

t oud mae no moe sense to ta abot othe hyothetca nveses

n hch the constants o Nte te dffeent vaes thn t wold me 

sense to ta o sqe cces hee smp cold not be othe ods 

Bao 2004, 1783 

ne ht nt be msed b B's cmpsn t sqe cces; ht 

e e nd hve been cncened th thht ths o s nmc 

 nta necesst nd nt n bde sense  metphsc  c 

necesst The ve expessed hee, then, s tht cnstnt necesstsm eds 

t necesstnsm  stn detemnsm: that evethn tht s te s 

(nomcay) necess s A setch  the ment  ths: Assmn the 

rd s f, the cmbntn  the necesst  the s, ncdn the 

ves  the cnstnts, nd the bste snficnce  ntnsc qnttes, 

ncdn the cnstnts, d ent  stct, t- spevenence e­

tn beteen the as nd the qnttes the ven As chnes n the s 

e, b ssmptn, mpssbe, s t e chnes n the qnttes54 

Tht setch s nt e t be cnvncn Let me qck ebte n 

ht s meant b stn detemnsm nd n the cse  ts entment b 

53 Noe: Barrow himse makes he case fr he opposin, coninenis concepion o he 
consanshoug i seems ha his oes aon wih a (meaphsica) coninenism reardin 
he aws as we 

 This presenaion o he hese wo posiions is inended as a carificaion o wha has been 
a sal<e in debaes concernin he comparaivis refrmuaion o te aws. The aws seem in­
uiive o rer o absoue quaniieshe escape veociy equaion does no ( expici) rer 
o an mass oher han ha o he pane. Sarin wih Dasupa (2013) and coninuin wih 
Baker (2020 8392) and Sider (2020, 145-50) man differen frmuaions o he comparaivis 
Newonian aws have been proposed and criicized. To debae wheher or no here is a coheren 
comparaivis saemen o he aws jus is o debae he meris o consan coninenism. 
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e cnjuncin  quani absuis an cnsan necessiis. Cen 
2024 as ecen given a eniin  sng eeinis" an as ai 
u se  is cnsequences. Sng eeinis is gica snge an 
eeinis an gica weae an supeeeinis, wic ces up 
in e unains  quanu ecanics ieaue. I ap is eniin 
f Cen 

(Song Deeminis) A wo is song eeinisic i is unaena 
aws ae copaibe wih on one possibe wor. 

Tis view is cpaibe wi e eaing accuns  psica aws. As Cen 
as i, ee ae a cupe  t es in wic sng eeinis can be 
swn  , bu n ne eaisic psica e wic is sng e
einisic e Eveeian Wenacuus see as Cen 2023.55 II can ae 
e case a sng eeinis is enaie b quani absuis an cn
san necessiis en I wi ave swn a sng eeinis is easie  
ge an Cen aes i see-i wi be e independent an w f 
metaphysical eses. 

I nw  n wa  ae is case. In e  ague a cnsan 
necessiis ipies sng eeinis, I us subsiue an epiica cn
jecue  a eapsica esis. Rae an invve absuis in e a
guen iec, I n  a a saeg  avi e aene aguen 
agains absuis given abve is  ap cnsan necessiis, s a ci
en  absuis weak i.e. pvisinaly ipies a cien  cn
san necessiis uni ane suin is un. Te epiica cnjecue 
is ne a naua ces u  a aiin  adng e agniues  e 
cnsans  naue  eeine an ipan cs abu u w
uppe an we buns n pane size, e exisence  abiabe panes, 
e exisence i, ec.-wic Baw was an ei e.g. Weissp1975; 
Pess e a. 1983. Te cnjecue is is 

(Consan Deeminis) As ou unesaning o psica eo in­
ceases we wi inceasing fin a e magniues o e consans ee­
ine oe an oe o e cs o ou univese: in he ii e consans 
wi be sufficien o eeine e iniia coniions  e univese. 

55 I am no dealing wit quanum mechanics here, so I will say nohing abou his case. 
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Ts ncrese  erec ndersndn m nclde, r empe, e 
dscer  rer ndmenl cnsns reed  ne rces r e 
nficn  mpe cnsns n  mre ndmen er Te rg

men en s  e cnjncn  cnsn necesssm nd cnsn de
ermnsm mpes srn deermnsm n e sense  Cen 22) We 

s seems  be erne re  srn deermnsm n Cen cnen
nces,  s cer n erndependen nd s s  mer lme r 
emprc nesn rer n  mepsc ess 

We cnsn deermnsm s endrsed b sme mpresse figres, 

s psb s qesnble nd s emprcl cnfirmn  n  
a T sd, i  s cceped, en m rmen ns bssm cn 

me be ndersd s  reducto,  e cnseqences  cnsn 
necesssm   e ssmed c  cnsn deermnsm) ben e ab­

surd um. 56  s r nn, eer,  s res s n rerded s b

srd b sme nsen,  ed  ersn  nmlc) Spnzsm,57 

seems  e  ken cnsn necesssm nd cnsn deermnsm s  
pcke de 

Or one cold p  lke s In  resonble heor ere re no ( dmen­
sonless) nmbers wose vles re onl emprcll deermnble 

O corse, I cnno proe s B I cnno mne  ned nd re­

sonble heor wch explcl conns  nmber c he m o e 
Creor m js s ell ve cosen derenly, wereb  qlel 

deren lwulness o e orld wold hve resled 
Or one cold p  lke s: A eor hch n s fndmenl eq­

ons explcl conns  nnbsc [ncht rationelle] cnsn old ve 

o be someo consrced om bs nd peces wc re logcll nde­
penden  ec oter b I m coniden h hs orld s no sc  so 
gl  consrcon s needed r s heorecl compreenson (Ensen 
o RosenlScneder 1945, n RosenlScneder 1980, 37-38) 

Te dfferences beeen nsen's p  e cnsns nd e p 

sed ere s e pspc mprnce. Frer, nsens p  
cnsns s  cmpced  ve   nerpren ere; ever, sme 
nes ms be mde  res cnfsn RsenScneder rnses 

56 For some of the problems with strong determinism see Chen (2022) 
57 See Paty (1986). 
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"rationell s bsc" (see RosethSchede 1980, 36 I the sme ette 
s tht qoted bove Este gves n d Ees mbe, e, s exmpes 
o "rationelle Zahlen (whch meet uthe spec smpct codtos) 
Othe rationelle Zahlen cde the fdmet dmesoess costts 
tht wod ppe   i, compete theo o phscs (the wod be 
costctbe om some sbset o the dmeso, ves" costts) 
I sch  theo  dmeso costt ke G wod be mee ppet 
whe  dmesoess oe, ke a wod be e a cod be gve  ­
to ( theoetc) devto Wh wod the btess o ve o the 
costcted dmesoess costt ed to  cted theoetc stc­
te ( o ogc depedet bts)? I popose tht the ee vto o  d­
mesoess costt costcted om dmeso costts mpes tht 
the etve mgtdes o the dmeso costts e o empc 
detembeths wod me, eg tht the etve stegth o the gv­
tto d eectomgetc ces wod o be empcl detembe 
d so thee wod be two ogc depedet sots o ces 58 

The ppet btess  ves o the costts to whch the 
cotgetst s commtted, tht o the real, fdmet costts d ot 
mee apparent, embe oes, tobed Este Whteve oe thks o 
the metphsc possbt o stog detemsm, Este's expesso o 
t pts the cotgetst comptvst o otce: The comptvst oght to 
edevo to show tht the btess o the coectos betwee ogc 
dstct qtt dmesos s ot so g  costcto e  

et me s  bt  dese o  cotgetst comptvsm tht pots 
the w to the wok st to be doe to f flesh ot wht the comptvsts 
commtmets e The cotgetst comptvst does ot thk tht ­
thg goes" wth espect to the e, fdmet, phsc costts; thee s 
 ete o them tht s omc ecess Wht ems vt de 
the comptvst smmetes s the gebc eto betwee the costts 
d the othe pmetes  the ws. The eto s ecoded b the rela­

tive dmesoty Wth [G] = LM-1r2, s eqed b the dmeso 

58 Elsehere, RosenhlSchneider (1949) discusses Einseins vies o he consns (nd 
quniies more generlly) in he broder conex o his episemology o scienceo specil sig­
nificnce is he connecion she draws o te reliy principle in Einsein, Podolsky nd Rosen 
(1935) I is orh noing h Einsein endorses RosentlSchneider's inerpreion o his 
remrks on he eliminion o rbirrily vlued consns in  leer o Rosenhl-Schneider 
on he 24h o Mrch, 1950 (RosenhlSchneider 1980, 41) Mny hnks o Cspr Jcobs 
nd Dennis Lehmkuhl fr rising some o hese inerpreionl difficulies o meremining 
murkiness or errors re my responsibiliy. 
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h . f N ' 1 f . . F GMm · · · 11 omogenet o etons  o grvttion, = 
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-, t s nomc  ne-
r 

cessr tht G scles nversel th M nd cubcll th L. Ths s nde

pendent o n chnges o conventon regrdng unts or the bsc quntt 

dmensonsthe relton holds  rce s treted s bsc nd mss s de­

rved. 59 It s  contngent mtter o ct ht mgntudes qunttes hve, n­

cludng constnts. It s  mtter o conventon hch unts e use to mesure 

them nd (mbe) hch dmensons e stpulte s bsc. The dmensonl 

(.e. sclng) relton beteen dfferent qunttes s nomicall necessary.60 

A fll ccount o comprtvsm must find some  o ccountng r these 

nter-quntt reltons nd ther boundedness b phscl law. 

Somethng more cn be sd to shrpen ths problem nd to present n 

ntl nser to t. Some, lke Sder (2020) nd Bker (2013), seem to hold 

tht the vlue o some constnt s essential to tht constnt to the extent 

tht the ntroduce unts nto the ls b ther nterpretton. Therere, 

comprtvst nd bsolutst lke hve  problem retnng the represent­

tonl smmetr o unt sstem chnges. Sder ttempts to get round ths 

problem b reltvzng the ls to  choce o representton fnctons ( unt 

sstems), but ths onl rces the (mxed) bsolutst nto  constnt contn­

genc or nto the nve bsolutsmhere unt trnsrmtons l to be 

smmetres, n bsurd concluson.6 Bker rgues tht the comprtvst 

m post fndmentl mxed reltons mong qunttes o dfferent dmen­

sons n order to vod the postng o numercl constnts, but n dong so 

the comprtvst loses n prsmon dvntge over the bsolutst, scr­

ficng the orgnl motvton r the comprtvst. 

Ths ould seem to be n ugl constructon ndeed. Let me suggest tht 

the noton o  constnt used here cuses no such problem. Frst let me 

smpl reterte tht on the contngentst concepton o the constnts the 

nture o the constnts s entrel unit-free, m understndng here s o the 

(field) constnts s dmensonl quantities. I hve not endevored to gve  

fll ccount o the constnts nd ther ontology, hoever postng them s 

59 On the scope nd limittions o conventionlit in dimensionl sstems see Plcios 1964; 
Johnson 2018 

60 I cnnot discss this mterial ull here bt it m be orth compring the reslts here to 
the discssion in Dff (2014) Compre lso recent discssions in Grzier (2020) nd Riordn 
(2015) on the qestion o the ndmentl constnts nd dimensionlity 

61 I've voided discssion o this isse, see Eddon (2013) nd Wolff (2020) fr discssions o 
this view. 
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methg ke udmet mxed ret betee qtt dimensions 

eem rght.62 Thgh there h t bee mch phphc rk  the 

tre  the ctt, recet Jcb (2021, chp. 6) h, b   gg 

 er mr t t the ecpe vect ce  tht be, ered  

cct     udmet mxed ret tht  prt  the trctre 

 Net Grt. t e c k here  ght t be pced  the 

trctre  Net Grt.63 The gget here  tht , qua dme

 ret, p  nomological re, hece  t  tgc 

prm. The dimensions   x the fct rm  the grtt 

rce a. Th geerze t  prcpe tht eer embe ctt  
mxed dme determe the fct rm   udmet . It 

 prece thee ctt tht te  h there gc depedet 

qtt dme cme tgether t rm  phc ere. Rther th 

mber[ ] hch the hm  the Cretr mght t  e he che d

ret" tht d hve t be meh ctrcted m bt d pece 

hch re gcly depedet  ech ther" ( Ete d he t), 
e hve  pctre  the ctt  ctrct prcpe hch ge t

gether the fdmet  cret t  cheret d f rd. 

The cmprtt m tke prt m the exmpe prded b 
Pt' Timaeus: 

So i the bod o the iere ere to he come to be s  to dimeio 

pe,  ige midde term d hve sfficed to bid together it co­

joiing term with itse. As it , hoeer, the iere s to be  oid, 

62 Hee fnamena s on eave o he onoog o qan mensonsqan 
mensons hemseves ma epen on somehng moe unamena. Tha sa qan men­
sons seem ke naa canaes  he unamena onoog o phscs. Thee ae ffeen 
sos o eas vews we can have abo qan mensons as scsse n Skow (2017). We 
co aerave be eas an convenonas egang qan mensons an heee 
ega he consans qua unamena mixe eaons as mee concepa ges o tndng 
abo he eaons beween mease qanes (Bgman 1931)  beeve he agmen 
agans absosm can n egaess o he meaphscs o mensonhs s he pon o 
he wo ffeen poos o he -teoemb  wil een a moeae qan menson 
easm n uhe wok. 

63 Moe ecen Jacobs (2022) has mae he case ha G s pa o he knemac sce o 
Newonan gavaon an so m f mass obng ( o wha Jacobs cas an ncsve acve 
mass scang") s no qe a namca smmey, b ahe a sma.  w no ajcae 
hs sse hee.  have aea ae o he c ha smiaes seem o be moe genea han 
he sos o smmees phiosophes have so  been concere wh an ha he I-heoem 
s a ge o simaes some o whch coespon o namca an empca smmees 
(see Bckingham 1914; See 2009).  ocae Gn he nomology o Newonan gavaon an 
hence n s namcs 
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a ss are ever je tgether by just e me term but aays 

by t. Hece the g set ater a ar betee re a earth, a mae 

them as rrtate t e ather as as ssbe, s that hat re s t 

ar, ar s t ater, a hat ar s t ater, ater s t earth. He the bu 

them tgether a thus he cstructe the vsbe a tagbe uverse. 

hs s the reas hy these ur artcular csttuets ere use t beget 

the by  the rl, mag t a symhy  rrt. hey beste 

esh u t, s that, havg cme tgether t a uty th tse 

t cu t be ue by aye but the e h ha bu t tgether. 

(Pat 1997, 123738) 

6. Conclusion 

This chater presets an amedmet to the symmetry argumet agaist 

quantity absoutism. Rather tha requirig that ay uiversa scae tras

rmatios o the quatities o sme basic dimesi are emirica ad 

dyamica symmetries, the argumet agaist absoutism deeds oy 

 those symmetries deed by the Itheorem. These symmetries may 

ivve scae trasrmatios o basic quatities, but they aso invve 

trasrmatis o derived quatities, most otaby the physica co­

stats. The symmetries eed by the Itheorem are trasrmatios 

that eave the dimesioess quatity ratios hich describe sme system 

ivariatthese transrmatis are both emirica ad dyamica 

symmetries. 

The trasrmati o the costats i some symmetries defied by the 

I-therem raises the question o their moda status. O the one hand is 

costat contingetism, which states that the aws ad the reatios o the 

basic quatities determie the vaues o the costantstheir vaues ca 

vary i omicay ossibe wrds, suerveig on variations o the rea­

tios  the basic quatities. O the other had is costat ecessitism, 

which states that the vaues o the costats are fixed across omicay os­

sibe ords ad are fdametatheir vaues ad dimesios fix the 

as ad the reations between the basic quatities. My urose has been 

to intrduce the debate ad set some o its terms. Though  give reason 

t reer costat cntigetism to cstat ecessitism, t east o a 

its suerior fit with quatity comarativism, the discussi here is ot 

cocusive. 
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Appendix A: Proof of the Representational I-Theorem 

This proo proceeds o a derstadig o eqatios as reatios be­
twee mbers or represetatios o mbers (ie variabes ad o it 
trasrmatios as trasrmatios o mbers The strctre o the proo 
is the same i both versios The fdameta assmptio beig that we 
are oy deaig with it ivariat or dimesioay homogeeos eqa­
tios The ratio scaig symmetries o basic qatities wi propagate to
derived qatities accordig to Bridgmas emma This aows ay phys­
ica eqatio to be recast etirey i terms o dimesioess derived qa­
tities, by way o the redctio o sperflos variabes i the epressio o 
some eqatio 

A review o the reqisite assmptios: 

0 Zeroth assumption: Ay eqatio describig a physica system ca be 
represeted by some uctio o mbers which represet qatities 
set eqa to zero: (Qp Q2 

, . QN ) = O 
l First assumption: We are oy cocered with compete" eqatios 

whose agebraic rm is itivariat For sch eqatios there is a 
cass o represetatios: J' ( Q' 1, Q' 2,  Q' 

N ) = 0, where x
i 
Qi 

= Q' 
i 
ad the 

it trasrmatio ctors x
i 
ER+ 

2. Second assumption: I the eqatio describig the system is it i­
variat, the the mbers represetig derivative qatities are it­
trasrmed by trasrmatio ctors that ca be defied as prodcts 
o powers o the ittrasrmatio ctors o the merica represe­
tatios o the costitet basic qatities 

These are the udameta assmptios o dimesioa aaysis; to give 
them p wod be to rgo may importat patters o physica reasoig 
ad wod threate the marriage o measremet ad mber 

The proo proceeds:64 We defie the mber o derivative qatities, r, as 
the differece i the mber o qatities describig the pheomea, N, ad 
the mber o basic qatities, n: r = N -n. We ca derstad then basic 
dimesios to serve as a reduction base r the origia descriptio o the 
system by N qatities I r is o-zero, the the redctio eists, ad with 

64 This presenttion o the proo is bsed on Ehrenfst-Anassjew (1916). 
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Bidgms emm we c defie the etios betwee the deivtive d 
bsic tsfmtio ctos with  set o  equtios: 

whee the epoets 1,j e defied by the etio Q1  Q? with 
i 
= 

n   n     n d j =   .  n.
65 These xnl' .  x1+Jctos e the 

umeic sce ctos f uit tsfmtios o the umeic epese­
ttios o the deived qutities The vues o these ctos deped o the 
uit tsfmtios o the bsic qutities d the defied etioships 
betwee the deived d bsic qutity epesettives 

Fom this equtio set we defie r uitess tems eimitig  o the 
tsfmtio ctos d ivovig  o the eevt epesettios o 
qutities: 

I = Q
+ 

1+ Qa1 Qa1,2 Qa 
 2  I 

I = Q
+ 

n+2 Qa2 Qa22 Q'a2, 
1 2 "' I 

I = Q 
n+ Qn+ 

n+ Qa Qar2 Qa Qa l Qa 2 Qa 
 2 ' '  I   2 r, '  • 1" 

Sice the tems e uit tsfmtio ivit the tems e equiv­
ety defied out o the Qs d the Qsd ecode the esseti etios 
betwee deived d bsic qutity mesuemets This mes tht y 
equtio descibig the mesuemet esuts o  physic system c be e­
cst i U-Equtio fm: 

65 The exponent will be zeo f all ielevant quantities Qr 
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Ths s the (represetatoal) I-theore. t was erie o three assp­
tos: ( 0) that ercal represetatos o phscal sstes exst whch ca 
be escrbe b fctos o bers set eqal to zero; ( 1) There s a sbset 

o sch ercal eqatos that are t arat; (2) Brga's lea, 

.e. the ercal easres o ere qattes are procts o powers o 
the ercal easres obasc qattes. 

Appendix B: Proof of the On tic I-Theorem 

Ths proo erstas eqatos to rectl represet qatt relatos 
theseles a procees b coseratos o otc trasratos o qa­
tt esos rather tha t trasratos. The relato betwee the 
two was ore ull aalze  4.1, bt the otle bears repeatg. What 
s eat b callg ths proo otc"? O corse,  ether the otc or  

the represetatoal case are the syntactic objects whch ake p eqato 
tokes take to be qattes or bers (rather the are arables a ­
erals). The ontc-represetatoal stcto s ths: ether eqatos rep­
reset relatos betwee qattes whch are propertes o phscal sstes 
or the represet relatos betwee bers whch measure qattes ac­

corg to some exterall efie coeto. Ge the asspto o 
thfl easreet coetos, coclsos raw er terpretatos 

o the latter ld etal coterpart coclsos er terpretatos o the 
rer ld. Ths s to sa: the two terpretatos are  a portat sese 

terchageable,  bers ca easre qattes at all. 
We beg aga wth a geeralze fctoal r o a coplete (.e. t­

arat) eqato escrbg a phscal sste:66 

where each Q
i 
s a qatt copose o a esoless ber a a t 

qatty, Q
i
= v

l ' a the pre qattes are relate b eso­
less trasrato ctors x1 • Here we abstract o the ( coetoal) 

66 Tis presentation of the proofis based on Gibbings (1982); Gibbings (2011). 



4 MAHMOUD JALLOH determny o vue nd the unt o some quntty to ts mgntude M nd dmenson D, where eh unt trnsrmed quntty ounterrt s dent n these resets QI  Q1 Q1 ..   M1 nd [ Q] [ Q;] [ Q"1], ••• = D
r 

Ths bstrton serves us wth  unit-free reresentton o the qun­ttes muh ke tensor uus ows us coordinate-free reresenttons o setme-ths mkes t er tht we re deng wth the ont qunttes nd not ther mere reresenttons.67 Gven Brdgmn's emm we n define eh quntty s roduts o owers o the bs qunttes Q  Q2 , •  Q1 : 

!Q 
 0  02  0,  Q  Q2 Q22 Q2 

2 1 2 '" n . . Q
N 

 Q Q2    Q 
Sne we re deng wth  oherent dmenson system the sme onstru­ton es to quntty dmensons themseves they n be defined n terms o bs quntty dmensons D  D2  •• , D1 : 

l[ Oi]  Dl Dl2  • • D:l�I  [Q ]  D2 D22 D211 
2  2 "' I [ Q
N

]  Dl D?·2  D:1 
Now we tke  qunttyQ1 om  subset Q1 c Q

N 
o qunttes suh tht some o Q/s bs quntty exonents a1,f' re zero menng tht ther dmenson does not requre  D1 nd dvde through eh row o the quntttve m­trx by Q1 so s to ne ts dmenson [ Q1 ] n  the other qunttes As ths emnton roess tertes we w be ef wth dmensoness qunttes. For the first dmenson D nd eh Op j * i: 

67 Note that ths s merey a presentatona move, the representatona" proo gven above 
proceeds n a unt-ied representaton, but defines transfrmatons and reatons whch are n­
varant under any unt standard There s an mportant sense n whch these two approaches are 
equvaent, compare Walace (2019) and Woff (2020, chap 9). 
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The divisio pocede descibed bove gees h he powe o he diesio i he eo d he deoio is eq hece he di­esio is eiied i he qoie qi This cees he fcio copee eqio 

 Qt Q f Q     Q?  o. 

Sccessive cceios p o D1   Q 1 ed o  diesios beig ei­ied d so  qiies i he ucio e diesioess es o he se  s hose defied i he s sbsecio 
I = Q  Qa Q1 Q1 

 2 
"'  I = Q =  Q    

1+2 Q Q·    Q" Q Q '  • Q: > 
I = Qn =-Qn; _  Q/l Q/r2 Q/lr� Q/  Q/  Q/  

1 2  I lr   ,/' 

yiedig  poo o he ( o ic) heoe 
f (IuI

2
, .. , I,)= 0. 

The divisio pocede oeiiig diesios highighs  ipospec o he heoe  povides  defiiive swe o he be o vi­bes d he be o diesioess gops eqied o descibe soe syse As idiced bove hee e r = N  n dimesioess gops o vi­bes ems, ecessyo descibe  syse oN qiies ed byn bsic diesios The eov o ech diesio is ssocied wih he ddiio o  vibe o ech e yiedig  be o n +  vibes pe e.68 

68 For details and exceptions see Gibbings (2011, 59-61). 
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