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One of basi c quantities in  phy s ics , the concept of inertia, i s  

rev i ewed from _ Newton• s ph i l os ophy to Heisenberg' s a pproa ch .  

1 • I NTRODU CTION 

· T here is  a gr owing intere st f or r�l ativi stic cosmol ogy and the

probl em of the s pa ce-time structure . therefore one s h oul d be abl e 

to conduct ex perimenta l checks on various conclu s i ons of the genera l 

theory of re l ativity by overthrowing the difficul ties which arise 

in the i�terpretati on of the mea surements . Experiments a re predomi­

nantl y directed to obse rve the rel ativistic  effects in re l ati on to 

Newton' s . t�e�ry of gravitati on ( 1 687 ) whi ch appears in Einstein' s 

theory of rel ati vity ( 1 91 6 ) a s  the approx im �tion for a wea k  gravita­

t i ona 1 f ie l d • .  In  the f ramework of rel evant ob servati ons a ·great deal 

of var i ous  theories  of gravttat i on are :�na l yzed which,  on one hand, 

depa rt from the  genera l theory of rel ativity and, on the other  h and, 

conta in N ewton ' s mechanics a s  a l imiting m odel • .  As a usefu l  cr ite­

ri�n the theor i sts quote Mach ' s  idea a bout the conditiona l dependence . . . 

�f  the inertii l properties of· maierial_ . obj ects on the structure of 

the universe is a whol e ( Hach � s  princip l e ,  1 883 ) .  

2 . NEWTON � s  PHILOSOPHY

In the mathemat ica l foundations of natural  p h i l osophy l -J  Newton 

has  taught that uniform m oti ons , by which the time i s  measured, 

perhaps do not ex ist in nature and that a l l  vis ibl e motions a re 
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e ither  a ccelerated or decelerated . However , accord ing to Newton� s 

�onception,  this d ifficul ty i s  characteristic only for the motion 

i n  a rel a t ive space , i . e .  the space re l a t i ve to m ass i ve materia l  

obj ects. The m a s s  i s ,  i n  Newton ' s mechani cs , a quantity o f  ma t te r .  

I n  add it i on to the rela t i ve space Newton ha s introduced the concept 

of an absol ute space , whi ch rema ins u id entica l and mot i onles s u all 

the t i me . A re l a t i ve space is nothi ng but a mot i ve p art of the  

a b sol ute space . Here in  N ewton ' s  a bsolute  space all processes  t a k e  

pl ace i n  the a bsolute  t ime wh i ch ,  compared to  the relat i ve t ime , 

i s  changele s s  i n  i t s course , whereas  the rela t i ve t ime can be  

mea sured by  the mot i on of ma ter i al  obj ects . 

Accord i ng t o  Newton,  the  rela t i ve a nd a bsol ute mot i ons a r e  d i f­

fe rent a s  much a s  t he t ra ns l a t i ons a n d  rota t i on s , r e spective l y .  To 

i l l ustra te hi s a t t i tud e  Newton suggest ed t he fol lowi ng t hought 

exper iment . Let  us i magi ne tha t  a meta l conta i ner  full of water i s  

ha ng ed by a l ong rope t o  the ce i l i ng .  I f  the rope together  with the 

conta i ne r  is  w i nded  a round i ts vert ica l  ax i s  in a certa i n  d irect i on 

a nd l e t sudde n l y  a l one then  the conta i ner , under the i nf l uence of 

the e l a s t i c  d e forma t i on of t he rope , w i l l  rotate  around the  ve r t i cal 

a x i s  in the oppos i t e  d i recti on.  In the begi nning t he wa ter  surface 

rema ins plane a s  the quant i ty of wa ter rema i ns mot ionles s .  At t his  

moment the mot i on of  the wa ter  re l a t i ve to  the metal  walls of  t he 

conta fner  i s  incre a s ed to a max imum , whereas  the  a b s olute mot i on i s  

equa l t o  z ero . However , a s  the walls d r i f t wa ter  laye r s  a round the 

vert i cal ax i s ,  due to i nte rnal f r i ct i onal forces , t he rela t i ve mot i on 

w i l l  graduall y d i m ini� h ,  �hereas  t h e  a bsol ute mot i on wi ll become 

i ncrea s ed to a max i mum . F i na l l y  t he  wa ter surface g ets  a paraboli c 

s hape .  Hence , an a b s olute mot i on, i . e .  the mot i on rela ti ye to the 

a bsolute space , in N ewton' s phi losophy,  is  t he only g enuine mot tnn. 

I t  is very ha rd to d is t inguish the  genuine mot i ons from ima g inary 
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mot i ons because the portions of the absolute space, where material 

object s  perform t heir motions, cannot be learned by our senses. 

3. MACH ' S PR INCIPLE

In Mach ' s system of  mechanics4 the ibsol ute s pace and the · 

absol ute motion are abstract concepts which cannot be tested by 

experiment. Mach has taught that Newton' s experiment with a container 

in rotation �em onst rates that a rel at ive rotat ion of water with 

respect to the wal l s  of the container does not induce a centrifugal 

force of inert ia because this force is created by the rel ative mot ion 

with respect to  the earth and other celestial  objects. It  woul d be 

hard to  ant icipate , in Mach �s opinion, the resul t of N�wton ' s exper i­

ment if the wal l s  of the container were very thick and very mass ive 

on a macroscopic scal e .  

In Mach ' s  teachiflg mechanics can get r id  o f  metaphys ical con­

cept s,  such as the absol ute space and absolute t ime, by a suitab l e  

sel ection of the reference frame . U s ing the o�jects in  the outer 

space we may observe the motions rel ative to them, as the rel ative 

motions, by definition, may be uniform or accelerated with regard _ 
to a � iven s tandard motion.  The s tructure of the space i s  t ight l y 

connected with the concept of inert ia� Therefore, Mach has concent ra­

ted his  c r i t i que on Nawton ' s laws. Hach asked, whether in t�e nature 

there ex is t reference ftames in which Newton ' s laws are satisfied i 

i.e. the inert ial frames. Obvious l y, the frames in rotation are not

i nertial ; s o, :  Newton ' s l aws do not hol d. In addition ,  Mach pointed

out, � in an actual experiment one measures the rel at ive quantities

s uch as the rel at i ve pogtion, vel ocity and acceleration.  Therefore,

forces just l ike masses must be determined with respect to  other

forces and mas ses.

The mass, in Mach ' s definition, mus t  be determined as a dynami -
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cal characteri sti c  of the mutual i n teracti on s tak ing  place between 

all bodies in the uni verse. A mater i al parti cle of mass JJ ,  i n  

Mach ' s  mechani cs, moves not wi th respect to some abstract absulute 

space, but w ith respect to the center of all masses i n  the uni �erse, 

Mi, wh i ch are placed at R; apart ·from the observed materi al" parti cle. 

Hence, the uniform motion must be described by the f�ll owi ng equ ation , 

( 1 ) 

In Mach' s equation of motion ( 1 )  the test particle � wi l l  move at a 

constant speed if • su fficiently many,  suffi ci en tly remote and su f­

ficiently heavy masses• are taken i nto account. Therefore i we may 

neglect the influence of small masses which are i n  . a  close vi ci n ity 

of the test particle. U si ng Eq. ( 1 }  we can express Mach' s pri nciple. 

as foll ows: The inertia of a material particl e is determined by an 

attraction of heavy masses which ex ist at the infinity� I n  other 

words, the increase of inertia of a given material parti cle is con­

ditioned by the accumulation of heavy masses in its nei ghbourhood. 

The above pri nciple may be u sed to determine the eGu i li brj um 

condition for all masses in the un i verse. Let Re desi gnate the center 

of all masses. and let R0 be a di stance separating the observed 

materi a) particle from the center. We have 

Ri = 

I f  we i nsert Re 

lJ = 

!
... .. 

i HiRi + � R0 

t M; + � 

O i n  Eq . ( 2 ) we obtai n 

l t M ; R ; ! 
I RO I 

( 2 )

( 3 ) 

Eq . ( 3 ) could be tested by experiment provided that all qu antities 

appeari ng i n  i t  are avai lable. however . thi s i s  impossi ble, si nce only 

a very lim i ted n um ber of those quanti ties are at our di sposal� �hereas 
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the greatest contr i buti ons come fr?m t he b i g g est and most d i stant 

masses i n  the un �verse. Therefore ,  Mach ' s  prin c i ple  has - �educe- the 

i n e rt i �  of a test parti cl e  to the i nteratt i on with  the  d istant stars . 

and gal ax i es .  

A good i llustrai i on ·for Mach 's i dea � s  a r�volvi ng c i rc�lar 

pl atforrn.5 whi e h is  used ·. as an amusement
. 

i n  our un i  verse just because ·

a centrifugal force ·of i n �rt i a  is caused by .the  sp i nn i ng stars . If  

Mach  is r i ght t hen t he . rotat ing roundabout i n  an empty space wou �d  

not make mu�h of  an  amusement si nce  i n  th is  case the  i ne rt i al forces 

would d �sappear .  

4 . - E I� STE"I � ' S  RELATIV ITY· 

kach 's defi� i t�on  of the mass conta i ns a weakness as poi �te� 

out
. 
by �i-nstei n 6 !.7: ·• t he t1ea

.
kness of the p r i nc i pl e  �f i nertia 1:i �s

i rt  t�i �, that i t  i nvolves a ci rcle argument ; � mass �oves •i thout 

accel arati on if it _is. suffi c"i ent_1y far. ' from other bod i es ,  but we . 
· o  

know t hat i t . is  suffi c i ently far f rom other  bod i es only by the fact _

t hat i t  mov�s wi tho�t - accelerati on " �  Jo b r�ak . t he v i � i oui t i rcle 

E i nste� n came ·  t� th& i d ea of �qual i z i ng the  rtile of all . types of the

. - mo�i on ·and all r�ference  f�ames n�t only fri large space regi �ns but 

a.l so i n  t he -un herse on the w�ole {gen·eral pr i nc i ple  o f  rela_t i v i ty ) .

�e c�me to  the � · conc1usi on that the  pri nciple  of i nerti i i s - e�tablishej

wi t�  a high preci ston ori) y  in _ our  p 1 inetary system� prov ided th� t 

pert�rbat � ons owi ng to th�  �ot i o� of _ the  sun and other planets are 

neglected. He consi ders thai the  law� of the spec i al t heory - of rel�· 

tiv i ty are p�rfect in local l imits, provided that the  space and  the 

time d epend mutually one �n another, and so they must be  un i fi ed i nto : 

a s i ngle � pace�time conti nuum ( Gal i l ean re� i ons) • 

. . ·In Einste i n 's o p,i n ion class i ca1  mechan i cs offers n o  ex planati on 

for the equaHty between the i nert i al and the grav i tati onal_ . mass of 
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a material object. For Einstein, the equati on of motion in a gravi­

tational field , 

( I nertial Mass) .  Acceleration = ( I ntensity of the 
Gravi tational Field) .  ( G ravitational Mass) , ( 4 )

and the ex perimental fact that tHe accelaration is independent of 

the nature of the material objects in a g i v en gravitational field, 

must hold only i f  the inert�al mass equals the gravitational mass 

( the principle of equivalence) . Therefore, we may use, foTi owing this 

principle , noninertial frames in t�e Galilean regions , i. e .  accele­

rated frames and those in rotation. 

Einstein assumes that a distribution of material objects in the 

u niverse will influence and determine the metri c laws of a spacetime 

continuum. I n  doing so , Einstein came to the conclusion that a 

formulation of the general theory of relativity requires a generaliz­

ation of \he theory of invariants and the theory of tensors. Sy  fol­

lowing Mach ' s  principle and Riemann' s  generalization of Euclid ' s  

geometry Einstein has postulated: 

1) The space-time is a four-dimensional Riemann manifold ;

2 )  The gravitational field is described by a symmetrical tensor

field of the second rank, i. e. by the metric tensor g� v of the 

space-time continuum ;  

3 ) Trajectories o f  test particl es are geodesic lines in the

space-time with the metric tensor 9 µv ;  and 

4 )  A connection between the space-time metric and the distribu­

tion of masses is described by the gravitational field, 

R -
µv 2 9u v  R 

2 
K = s� G/c 

( Sa) 

( Sb ) 

Here R d esi gnates �icci ' s  tensor , R is a  scalar curvature, T is�v pv 
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the energy tensor of . ma.t ter , ec i s  a g rav i tati on constant . The ma ss

of a mater i a l object becomes .  by E inste i n ' s  equat i ons, an el ement 

of t he dynam i cal  geomet ry . 

I s  Mach • s  i dea fulfi l l ed and materi zed in  the general theory 

of r elat iv ity? To answe r t h i s  questi on E ins te in  has sol ved the 

equations of the g r av f taif�na� f i el d ,  u s i ng a weak f i el d  approx ima­

t ion • 

. T-he resu 1 t 1 s· 

· d  ( - .. 
· Tt {  1+� )'V }  

. - a·!. = g r  ad. e .  + n +
cdV0 

0 a IC / � -;:-
· c ( dx12 /dt ) 

.. = II{ . ,. 
·. 

· ""a F. .; r 

d s  c: /  944 

[ rote xvl 

dV0

d t . 

where · � designates the spa,e coor d inates. Therefore , 

· ( 6a )

( 6b )

( 6c ) 

( 6d ) 

(a) The i nert i al ma s s  i� · pro�orti onal to the quant i ty 1 + ;,

in  a s � i tably �e l ecied syst�� of ·u n i ts .  and wi ll · 1 ncrea se  when the 

heavy mas ses  accumu 1. a i·e .a round the test p_ar .t i c 1 e; . . 

{ b ) A mater ia �  obj ect wi l l  exper i ence an accelerat ing .force 

when t�e ne ighbouiin� masses  a re  acc•lerated . as g i ven by the s econd 

term in  Eq. (6a ) i 

( c) A rotat i ng hollow m� s s  shel l wi ll  �enerate, i ns i de of i ts

s p a c e . a Cor i o l i s  fi eld of ·force which w i l l . deflect a mov i ng test 

part icle i n  the sense of the rotat i on, as � i \� by the th i rd term 

in E q. ( 6a ). 

The con c 1 u s i on s · ( a ) - · ( c ) seem to a g r e  e , on a . q u a H tat i v e 

basis at leas t ,  w ith Mach 's i dea. Neverthel es s .  a fu l l  q uahi i tati ve . 

comprehens i on, i n. spi te of the enormou s progres s · i n  the general 

theory of. rela � i v i ty, � s  s t i ll 1 ac ki ng8 • 



30 

5 . HEI SEN BERG ' S  APPROACH

The con cept of inertia is tightl y  conn ected wi th the spe ctrum 

of e l ementary particl es. From ex perimen ts performed d ur i ng the l ast 

ten years  or. so, we l earned that 1various e l ementary particl es  are 

represented by stationary states of a general material system .• The 

particl es are characteriz ed by quantum n u mbers or by the correspond­

ing transformation s of the fundamental g roups. Ou r theoretical 

u nderstand ing of e l ementary particl es is redu ced to the cal cu l ation 

of the spectrum. One of the outstanding mode l s to d escribe the wor l d 

of el ementary masses was the approach of Heisenberg9 .
where the con ­

cept of an e l ementary length was introduced by connecting the fun ­

damen tal non l in ear spinor equation with the spectrum. I n  doing SQ , 

Heisen berg conside red the e l eme ntary masses as quantu m states of · a 

unified f ield of the primeval matter, i. e. the f ie l d  which was created 

at the ear l iest time in worl d' s history . Today, Heisen berg•s  resu l t  

must be eval uated as a modest contribution to our u nderstanding of 

the origin of the spectrum, as it is stil l separated from the general 

theory of rel ativity . The refore , it has a l imited qu anti tative val ue. 

It is possibl e,  Heisenberg pointed out on one of his l atest 

days1 0, that the spectrum of e l ementary particl es in ou r region of 

the u n iverse is somewhat d iffe rent f rom the spectrum inside of a 

n eutron star because the bou ndary cond itions are probabl y d if ferent 

f rom those we assume when we start sol ving Schrodinge r ' s  wave equa- . 

tion for a given ato�ic system. Therefore, the dynamics of matter 

is ind ispensabl e for our knowl edge, but nobody knows, at the present 

time, the ex act mathematical formu l ation for this dynamics. 

6. C ONCLU SI ON S

We have given a brie f  review of the concept of . inertia, repre­

sented by the mass of a material object, at im portant stages of its 
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h tstor i cal d evelopment. F i r s t , i t  measured the quant i ty of matter 

( i n  Newton's  p h i losophy) ; t hen i t  became a d ynami cal character i s t i c  

f o r  t he mutual i nteract i ons tak i ng place among all obj ects i n  the

u ni verse (by Mach 's  pr i nci ple) ; next it  was d efi ned as an  element 

Of t he d ynam i cal g eometry (by E i ns tei n's equat i ons) ; fi nally , i t  

was cons i d ered to ·be a quantum s tate of a uni fi ed fi el d  of the  p r i me­

val matter ( i n  Heis enberg ' s  approach) .

W hat is  the  next stag e? 
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