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The r e l a t i v i s t i c  t i m e- d i l a t i o n  i s  taken as a s t a r t i n g  p o i n t  

f o r  d e r i v i n g  the mass-increase formula o f  specia l  r e l a t i v i t y .  The ana- 

l y s i s  o f  two examples o f  mechanical systems shows t h a t  the  slowing down 

o f  t h e i r  in terna1 processes i s  incompat ib le  w i t h  newtonian mechanics, 

and leads n a t u r a l l y  t o  t h e  assumption o f  a v a r i a b l e  mass. The re levan t  

phys ica l  presupposi t ion used i n  these two new d e r i v a t i o n s  and  i n  o l d  

ones i s  momentum conservat ion.  Although supported by analogy t o  c l a s s i -  

c a l  conservat ion laws, t h i s  supposi t ion as commonly presented shows an 

a r b i t r a r i n e s s  which can be removed by opera t iona l  e l u c i d a t i o n  o f  thedy-  

namical concepts. 

U t i l i z a - s e  o e f e i t o  r e l a t i v í s t i c o  de " d i la tação  do tempo" 

como ponto de p a r t i d a  para a dedução da fórmula de aumento de massa da 

r e l a t i v i d a d e  especia l .  A a n á l i s e  de do is  exemplos de sistemas mecânicos 

mostra que o retardamento de seus processos in ternos é incompatível com 

a mecânica newton iana, e leva naturalmente à suposição de uma massa va- 

r iáve l  . O pressuposto f í s  i co  re levan te  u t  i l izado nessas duas novas de- 

duções e em outras ant igas % a conservação do momento. Embora apoiada 

por analogia com as l e i s  c láss icas  de conservação, esta suposição, do 

modo corno é comumente apresentada, ex ibe uma a rb i  t ra r iedade  que pode ser  

removida pe lo  esc l  arecimento operac ional  dos conceitos dinâmicos. 

* Postal address: Caixa Postal 2228 - 80000 C u r i t i b a  - Pr - B r a s i l .  



1. INTRODUCTION 

The r e l a t i v i s t i c  r e l a t i o n  between(transverse)mass and speed 

o f  a mate r ia l  body, 

( I )  

has h i s t o r i c a l l y  ar iser i  f rom the  study o f  the  electromagnetic mass o f  

the  e lec t ron ,  i n i c i a t e d  by ~ b r a h a n l .  I t  was c o r r e c t l y  der ived f o r  the  

f i r s t  t ime by Lorentz2 and appears on E i n s t e i n ' s  f i r s t  paper on r e l a t i -  

v i  ty3, where i t i s  der ived from eiectrodynamical considerat  ions. These 

pioneer approaches were not  intended t o  be genera l :  the obta ined r e s u l t s  

dependend on the adopted d e f i n i t i o n  o f  fo rce  and acce le ra t ion ,  as poin-  

ted by ~ i n s t e i n ~ ,  who has a l s o  produced a d i f f e r e n t  formula, by consi -  

de r ing  another def i n i t i o n  of t ransverse electromagnetic fo rce4.  There, 

he a r r i v e s  a t :  

m = rno/( l  -v2/e2) . (2)  

Besides i t s  h i s t o r i c a l  relevance, t h e  electrodynamical ap- 

proach i n  the form f i r s t  presented i n  191 1 by Laue5, where p a r t i c l e  dy- 

namics i s  der ived from continuum mechanics, i s  considered by Costa de 

~ e a u r e ~ a r d ~  t o  be the best way o f  for rnu lat ing specia l  r e l a t i v i t y , b e c a u -  

se t h i s  a l lows the  t o t a l  number o f  independent pos tu la tes  t o  be reduced 

co a minimurn. 

Pure ly  mechanical formulat ions o f  r e l a t i v i s t i c  dynamics ha- 

ve been produced from t ime t o  t ime, and an e x c e l l e n t  survey o f  these i s  

presented by Arzel iès7, where re levan t  references can be found. Some 

modern advanced t e x t b ~ o k s * ~ ~  use four- vectors and covariance p roper t ies  

i n  order  t o  o b t a i n  the  r e l a t i v i s t i c  moment~rn-energy, and then d e f i n e  a 

r e l a t i v i s t i c  mass i n  accordance w i t h  these formulas. This  approach was 

presented e a r l i e r  by ~ i n s t e i n l ~  i n  a s i m p l i f i e d  way; i t s  phys ica l  mea- 

n ing  was i r n p l i c i t  i n  a s t i l l  e a r l i e r  paper by ~ a l a n l l .  

Many authors of i n t roduc to ry  t e x t b ~ o k s l ~ - ~ ~  and c lass i c a l  

t r e a t i ~ e s l ~ ~ ' ~  p r e f e r  the c l a s s i c a l  d e r i v a t i o n  by Lewis and ~ o l m a n l *  

where an example o f  c o l l i s i o n  tliough-experiment i s  analysed, and momen- 

tlrm t ransformat ion i s  der ived from r e l a t i v i s t i c  k inemat ics and momentum 

conservat ion. Then, by analogy t o  newtonian d e f i n i t i o n  o f  momentum, a 



r e l a t  i v i s t  i c  ( t ransverse)  mass i s  de f  ined. A1 though somewhat lengthy, 

t h i s  seerns t o  be h i t h e r t o  t h e  bes t  d i d a c t i c  way o f  i n t r o d u c i n g  r e l a t i -  

v i s t i c  dynamics, because i t  employs o n l y  elementary m a t h e m a t  i c s  , and 

makes use o f  e n l i g h t e n i n g  phys i ca l  a n a l y s i s  o f  t h e  c o l l i s i o n  s i t u a t i o n .  

I n  o u r  t each ing  p r a c t i c e ,  however, we have f e l t  t h a t  phy- 

s i c s  s tudents  do n o t  u s u a l l y  understand t h e  impor tant  p h y s i c a l  assumpt- 

i ons  a t  issue,  and do never pe rce i ve  any conceptual  r e  l a t  i o n  between 

formula  ( I )  and s i m i l a r  r e l a t i o n s  f rom r e l a t i v i s t i c  k inemat i cs .  such as 

t h e  " t i nw :  d i l a t i o n "  formula :  

T = T /( I -v2/c2) 
o 

We have developed two new d e r i v a t i  

s imp le  and c l e a r  r e l a t i o n  between formulas (1) 

ons o f  ( 1 )  t h a t  show a 

and (3 ) ,  and t h a t  have 

n o t  been pub l i shed  previouslylg. I n  t h i s  paper, a f t e r  p r e s e n t i n g  t h e  de- 

r iva t ion: ;  i n  t h e i r  s i m p l e s t  form, some conceptual  problems a r e  d i scus -  

sed. A m:thodological  i m p è r f e c t i o n  i s  found, which i s  a l s o  present  i n  

Lewis and Tolman's method, and t h a t  can o n l y  be surmounted by acoheren t  

p r e s e n t a t i o n  o f  r e l a t i v i s t i c  dynamics. 

2. TIME DILATION AND MECHANICAL CLOCKS 

Le t  us suppose t h a t  Jd i s  a m a t e r i a l  system where a p e r i o d i c  

process w i t h  proper  p e r i o d  To occurs .  I f M  i s  i n i t i a l l y  a t  r e s t  r e l a t i -  

ve t o  an i n e r t i a l  r e f e r e n t i a l  S, and i s  then s l o w l y  a c c e l e r a t e d  ( so 

t h a t  i t s  rnechanism i s  n e i t h e r  damaged nor  s u f f e r s  any s e n s i b l e  e l a s t i c  

deformat ion) u n t i l  i t  a t t a i n s  a speed v r e l a t i v e  t o  S, then i t  w i l l  be 

observed t o  have a new p e r i o d  T r e l a t i v e  t o  S, as g i ven  by ( 3 ) .  Th is  i s  

a consequence o f  r e l a t i v i s t i c  k inemat ics ,  and must app ly  t o  any k i n d  o f  

p e r i o d i c a l  process, independent ly o f  i t s  i n te rna1  work ing.  Now, t h i s  

r e s u l t  i t  incompat ib le  w i t h  c l a s s i c a l  dynamics, because t n e r e  a r e  v e r y  

s imple  k inds  o f  mechanical p e r i o d i c  mot ions which cou ld  n o t  undergo 

any change o f  p e r i o d  when t h e  system i s  acce le ra ted ,  i f  newtonian mecha- 

n i c s  were v a l i d .  Two such p e r i o d i c  processes w i l l  be d iscussed i n  t h i s  

paper (Sect ions 3 and 4) : a f r i c t i o n l e s s  gyroscope and a bouncing mate- 



r i a 1  body moving a long a  f r i c t i o n l e s s  beam kept  pe rpend icu la r  t o  t h e  

d i r e c t i o n  o f  a c c e l e r a t i o n .  I n  these s imples cases t o  be analysed, t he  

constancy o f  t he  p e r i o d  p r e d i c t e d  by c l a s s i c a l  mechanics i s  a  conse- 

quence o f  f o u r  assumptions: 

P I )  geometry conservat ion;  

~ 2 )  d e f i n i  t i o n  o f  momenturn; 

P3) para1 l e l  ism between f o r c e  and mornentum change; 

P4) mass constancy. 

When the  systems a r e  analysed accord ing t o  s p e c i a l  r e l a t i -  

v i t y ,  i t  i s  seen t h a t  r e l a t i v i s t i c  k inemat i cs  a l l o w s  us t o  r e t a i n  as- 

surnption ( ~ 1 )  when r e l e v a n t  geometr ica l  f a c t o r s  a r e  p e r p e n d i c u l a r t o  t h e  

a c c e l e r o t i o n  o f  M. Then, a t  l e a s t  one o f  t h e  remaining c l a s s i c a l  as- 

surnptions must be changed i n  o r d e r  t o  a l l o w  a  p e r i o d  change o f  these 

processes. I t wi 11 be shown t h a t  i f  we d rop  (P4) , ( ~ 2 )  and ( ~ 3 )  may be 

re ta ined ,  and r e l a t i o n  ( I )  f o l  lows as a  necessary consequence o f  these 

assurnptions and r e l a t i v i s t i c  k inemat ics .  The s c i e n t i f i c  s t a t u s  o f  ( ~ 2 )  

and ( ~ 3 )  wi I 1  be d iscussed a f te rwards  (Sec t i on  5 ) .  

3. THE BOUNCING CYLINDER 

Le t  ü a  suppose t h a t  a  m a t e r i a l  body such as a  d r i l l e d  c y l i n -  

der C moves.up and d9wn2O a long  a  f r i c t i o n l e s s  beam B i n s i d e  a  box which 

i s  a t  r e s t  r e l a t i v e  t o  r e f e r e n t i a l  system S ( ~ i c J . 1 )  . 

The speed iiz o f  t he  rnoving c y l i n d e r  C i s  cons tan t ,  r e l a t i v e  

t o  3 ,  except when i t  i n t e r a c t s  w i t h  srnall sp r i ngs  a t  t h e  ends o f  B .  The 

i n e r t i à l  mass o f  t he  box i s  supposed t o  be so much l a r g e r  than t h a t  o5 

C ,  t h a t  t h e  box r e c o i l  may be neg lec ted,  i n  o r d e r  t h a t  i t  can be suppo- 

sed t o  be a t  r e s t .  

The sp r ings  produce a  v e l o c i t y  i n v e r s i o n  o f  C .  The i n t e r a c -  

t i o n  t ime  i s  supposed t o  be n e g l i g i b l y  sma l l ,  as compared t o  t h e  p e r i o d  

o f  t he  o s c i l l a t i o n s .  I f  the  ve r t i ca120  d i s tance  t r a v e l l e d  by the  c y l i n -  

der  i n s i d e  t h e  box i s  h ,  t he  p e r i o d  o f  i t s  o s c i l l a t i o n s ,  r e l a t i v e  t o  S,  

wi  1 1  be: 

318 



Fig.1 - A cylinder C s l ides up and down aiong a f r i c t i o n l e s s  beam 8 .  When 

the box i s  accelerated by a horizontal force F, the cylinder moves slo- 

wfzr. This could not happen i f  newtonian mechanics were val id .  The speed 

change may be explained by a mass increase. 

I f  the box i s  now submi ted t o  a fo rce  F d i  rected para1 l e l  t o  

the x- ax is  o f  system S ,  and reaches any h o r i z o n t a l  speed r e l a t i v e  t o  S ,  

and then i t s  v e l o c i t y  remains constant,  the  per iod  o f  the  c y l i n d e r  os- 

c i l a t i o n s  would no t  change, i f  c l a s s i c a l  rnechanics were va l id : the  f r i c -  

t i o n l e s s  beam B can on ly  communicate t o  C a fo rce  perpendicu lar  t o  the 

beam; so, pZ ( t h e  z-component o f  the c y l  i nder ' s  momentum p )  cannot chan- 

ge, by ( P 3 ) .  Now, by the c l a s s i c a l  d e f i n i t i o n  o f  momentum ( ~ 2 ) ,  we have: 

I f  p, i s  constant,  and i f  we assume t h a t  rn i s  constant ( ~ 4 ) ,  
r e l a t i o n  (5)  impl ies t h a t  u must remain constant .  Now, the  per iod de- 

z 
pends on ly  on h and u . But the re  i s  no c l a s s i c a l  reason f o r  súpposinq 

t h a t  the geometry o f  the box w i l l  change (PI); so, the  per iod  should be 

constant.  

But, by r e l a t i v i s t i c  kinematics, we know t h a t  t h i s  per iod  

must chanqe, and t h a t  i t  w i l l  genera l l y  have d i f f e r e n t  values r e l a t i v e  

t o  non-equivalent i n e r t i a l  r e f e r e n t i a l  frames. A f t e r  a t t a i n i n q  a speed 

v ,  i t s  new per iod T' w i l l  becorne 





4. THE GY HOSCOPE 

A simi l a r  deduct ion may be taken from the ana lys is  o f  a "gy- 

roscopic clock", which f o r  s i m p l i c i t y  w i l l  be supposed t o  be s i m i l a r  t o  

a b i c y c l e  wheel W which spins along an a x i s  A fastened by f r i c t i o n l e s s  

bearings HH t o  the  w a l l s  o f  a r i g i d  box. The box i s  a t  r e s t  r e l a t i v e  t o  

a r e f e r e n t i a l  system S, and the a x i s  o f  the  wheel i s  p a r a l l e l  t o  i t s  x- 

-ax is  ( ~ i g . 2 ) .  The radius o f  the sp inn ing wheel i s  r, and i t s  w h o l e  

mass rn i s  :jupposed t o  be a t  t h i s  d is tance o f  the a x i s .  I t s  moment o f  

i n e r t i a  I wi l I be: 

I = m.r2 ( 1  5 )  

and i t s  angular momentum M i s :  

M = I. 2n/T = 2nm.r2/~ . (16) 

Now, i f  the box acqui res some speed r e l a t i v e  t o  S ,  by the  

a p p l i c a t i o n  o f  a fo rce  p a r a l l e l  t o  the  x- axis ,  no torque w i l l  be ap- 

p l i e d  t o  the wheel, and so, by c l a s s i c a l  mechanics, i t s  angular momen- 

tum must rernain constant.  As the rad ius and mass o f  the wheel could n o t  

c l a s s i c a l l y  c h a n g e ~ t h e  constancy o f  the angular momentum impl ies the 

constancy of  angular speed and per iod.  

F i g . 2  - A wheei W spind around an a x i s  A attached t o  a box by f r i c t i o n -  

less bearings HH.  When the  externa!  f o r c e  F t ransmi ts  t o  t h i s  system a 

speed v ,  the  wheel must t u r n  slower,  by r e l a t i v i s t i c  t i m e- d i l a t i o n .  Asthe 

angular momentum could not  vary, i t s  mass must have changed. 



I n  t h i s  analys is ,  two o f  the re levan t  supposi t ions a re  s l i g h -  

t l y  d i f f e r e n t  from those used i n  Sect ion 3. They could be thus expres- 

sed : 

~ 2 ' )  d e f i n i t i o n  o f  angular momentum; 

p 3 ' )  constancy o f  angular momentum i n  the absence o f  an ap- 

p l i e d  torque. 

These assumptions, i n  c l a s s i c a l  mechanics, a re  i n t i m a t e l y  re-  

l a t e d  t o  the previous ones, as i s  w e l l  known. 

The ana lys is  from the p o i n t  o f  view o f  specia l  r e l a t i v i t y  

shows t h a t  r remains constant,  i n  t h i s  case. So, i f  the  per iod  changes, 

we must accept e i t h e r  t h a t  angular momentum may change w i thou t  any ex- 

t e r n a l l y  app l ied  torque, o r  t h a t  m i s  no t  constant,  i n  order  t o  exp la in  

the per iod change. l f  we r e t a i n  ( ~ 2 ' )  and ( ~ 3 ' )  i n  r e l a t i v i s t i c  d y n a -  

rnics, then, from t ime-d i  l a t i o n  formula (5 )  and from the  constancy o f  M 

we deduce: 

5. CONCEPTUAL DISCUSSION 

There a re  th ree  c e n t r a l  po in ts  o f  these der i va t ions  which de- 

serve d iscuss ion.  Two o f  them are completely answerable problems. 

5.1 - I n  the two examples presented a t  sect ions 3 and 4,  we compare the 

behaviour o f  the same phys ica l  system, before and a f t e r  acce le ra t ion , re -  

l a t i v e  t o  S ,  i n  order t o  der i ve  the  mass-speed r e l a t i o n .  But the presen- 

ted r e l a t i o n s  of specia l  r e l a t i v i t y  ( p a r t i c u l a r l y  the t i m e- d i l a t i o n  f o r -  

mula) are not  der ived as consequences o f  the acce le ra t ion  o f  a mate r ia l  

system: they a re  deduced as the necessary r e l a t i o n s  between measures o f  

a system which i s  always a t  r e s t  r e l a t i v e  t o  a given r e f e r e n t i a l  system, 

but which i s  observed and measured a l s o  r e l a t i v e  t o  another r e f e r e n t i a l  

system which moves r e l a t i v e  t o  the f i r s t  one, a t  a constant v e l o c i t y .  So, 



the quest ion a r i ses :  i s  i t  v a l i d  t o  use the t i m e- d i l a t i o n  formula i n  the 

s tud ied examples? I f  i t  i s  v a l  id ,  may the deduced consequence (mass -ve-  

l o c i t y  r e l a t i o n )  be app l ied  .to s i t u a t i o n s  where no acce le ra t ion  i s  ap- 

p l i e d  t o  the mate r ia l  system whose mass i s  considered? 

We may answer a f f i r m a t i v e l y  t o  both quest ion.  This  i s  a  con- 

sequence o f  the supposi t ion tha t ,  i f  a  phys ica l  system acqui res i n  any 

non-destruct ive way any constant v e l o c i t y  r e l a t i v e  t o  a g i ~ e n  i n e r t i a l  

r e f e r e n t i a l  system I, the f i n a l  behaviour o f  t h i s  phys ica l  system, r e l a-  

t i v e  t o  i t s  r e s t  frame, i s  independent o f  i t s  speed r e l a t i v e  t o  I ,  and 

i s  a l s o  independent o f  the acce le ra t i ve  process. Th is  i s  one o f  the ways 

o f  expressing the phys ica l  content o f  the p r i n c i p l e  o f  specia l  r e l a t i v i -  

t Y .  

5.2 - I n  i t s  usual form, the mass-velocity r e l a t i o n  ( I )  compares the r e s t  

mass mo o f  a mate r ia l  system w i t h  i t s  mass m r e l a t i v e  t o  another r e f e -  

r e n t i a l  frame. But i n  the two cases presented i n  t h i s  paper, the mate- 

r i a l  body whose mass change i s  cornputed i s  never a t  r e s t  r e l a t i v e  t o  the  

used r e f e r e n t i a l  systems: i t  has a v e r t i c a l  o r  c i r c u l a r  motion, even be- 

f o r e  acce le ra t ion  o f  i t s  enc los ing b o ~ .  May we assume t h a t  r e l a t i o n s  (14) 

and (19) do a l s o  apply t o  any ob jec t  i n i t i a l l y  a t  r e s t  r e l a t i v e  t o  S ? 

I s  the  r e s u l t  mathematical ly cons is ten t  w i t h  (1) ? Let us see. 

I f  any p a r t  o f  a  mate r ia l  system s u f f e r s  a r e l a t i v i s t i c  mass 

change, a l l  o f  i t s  o ther  p a r t s  must undergo a p ropor t iona l  change, be- 

cause i f  t h i s  d i d  no t  happen, the  moving system would no t  behave i n  the  

same way as when i t  was a t  r e s t .  Besides, the i n i t i a l  motion o f  the c i -  

l i n d e r  and of the sp inn ing wheel may be as slow as one wishes, and so 

there  i s  no reason f o r  supposing t h a t  the  mass change would be d i f f e r e n t  

i f  they 'were i n i t i a l l y  a t  r e s t .  

As t o  the  mathematical consistency, some simple c a l c u l a t i o n s  

show t h a t  (I), (14) and (19) a re  compatible. We w i l l  study on ly  the  cy- 

1 inder  example: 

Let us suppose t h a t  the r e s t  mass o f  the  c y l i n d e r  C ( ~ i ~ .  1 )  

i s  mo. When the box which conta ins C i s  a t  r e s t  r e l a t i v e  t o  S, the cy- 

l i n d e r ' s  mass must be, from ( I ) :  



When the  box acqu i res  the speed v, the  speed o f  C r e l a t i v e  t o  

S becomes 

w = ( u i 2  + v2)  1 /2 (21) 

so t h a t  i t s  mass should be 

mi = m o / ( l w 2 / c 2 )  1 /2 

R e l a t i o n  (22) i s  deduced f rom ( 1 ) .  I s  i t  c o m p a t i b l e w i t h ( l 4 ) ?  

Yes. A s imple  man ipu la t i on  a l l ows  us t o  deduce (14)  f rom (g ) ,  (20) and 

(22 ) .  The p r o o f  wi 11 n o t  be reproduced here.  

5 . 3  - The g rea t  conceptual  d i f f i c u l t y  o f  t h e  d e r i v a t i o n s  shown i n  t h i s  

paper (and which a re  a l s o  p resen t ,  under d i sgu i sed  form i n  t h e  usual d i -  

d a c t i c  d e r i v a t i o n s )  i s  t h e  p h y s i c a l  suppor t  o f  ( ~ 3 )  - o r  ( ~ 3 ' ) .  F i r s t ,  

l e t  us n o t i c e  t h a t  ( ~ 2 )  - o r  (P2')  - i s  j u s t  a d e f i n i t i o n  which a l l o w s  

(P3) - o r  ( ~ 3 ' )  - t o  make any sense. The p h y s i c a l  p r o p o s t i o n  i s  n o t  con- 

t a i n e d  i n  t he  d e f i n i t i o n ,  wh ich presents  no conceptual  problem. The ques- 

t i o n  i s :  what supports t he  s u p p o s i t i o n  t h a t  p - o r  t he  angular  momentum- 

remains constant  i n  t h e  s t u d i e d  examples? 

One c o u l d  be tempted t o  use t h e  c l a s s i c a l  constancy o f  these 

magnitudes as evidence, b u t  t h i s  i s  n o t  v a l i d .  I n  f a c t ,  we may e a s i l y  

show t h a t  t h e r e  a re  o t h e r  rnechanical magnitudes which shou ld  remain cons- 

t a n t  accord ing t o  c l a s s i c a l  mechanics and which o u r  " i n t u i t i v e  f e e l i n g s "  

would n o t  a l l o w  t o  change - bu t  wh ich do n o t  remain constant ,  acco rd ing  

t o  spec ia  

ned as 

Th is  magn 

r e l a t i v i t y .  Le t  us take as an i ns tance  t h e  magnitude K d e f i -  

li = m.u */2 . 
Z 2 

(23) 

tude i s  t he  c o n t r i b u t i o n  o f  t h e  v e r t i c a l  mot ion o f  a moving 

body t o  i t s  c l a s s i c a l  k i n e t i c  energy. Accord ing t o  c l a s s i c a l  mechanics, 

t h i s  magnitude remains cons tan t ,  i n  t he  case o f  t h e  bouncing c y l i n d e r .  

There i s  no reason t o  suppose t h a t  K changes when t h e  box i s  acce le ra-  
z 



ted ,  because t h e r e  i s  no v e r t i c a l  component o f  any f o r c e  a c t i n g  on t h e  

c y l i n d e r ,  and so t h e r e  i s  no work done on t h a t  d i r e c t i o n .  But i f  we sup- 

pose t h a t  t h i s  magnitude i s  a l s o  cons tan t  i n  r e l a t i v i s t i c  mechanics, we 

o b t a i n  t h e  wrong r e s u l  t ansilogous t o  (2)  : 

The same r e l a t i o n  would be deduced i f  we t r i e d  t o  separate  

the  gyroscope's k i n e t i c  energy i n  two p a r t s  ( t r a n s l a t i c n a l  and r o t a t i o -  

n a l )  and then supposed t h a t  i:s r o t a t i o n a l  k i n e t i c  energy K r 

remained cons tan t .  

A l though t h i s  k i n d  o f  premises 

seems ve ry  n a t u r a l  and " i n t u i t i v e "  t o  a l l o w  

composed i n t o  s e v e r a l '  independent c o n t r i b u t  

by ~ ~ s t e i n ~ l ,  who, i n  a paper about s p e c i a l  

t i o n  o f  a s imple  pendulum and says: 

l ead  t o  t h e  wrong r e s u l t ,  i t  

r t h e  k i n e t i c  energy t o  be de- 

ions .  Th is  was (wrong ly)  used 

r e l a t i v i t y ,  cons ide rs  t h e  m- 

" l n  t h i s  case, t he  k i n e t i c  energy o f  o s c i l l a t i o n s  can be 

r e a d i l y  separated f rom t h e  k i n e t i c  energy o f  t h e  t r a n s l a t o r y  mot ion and 

t h e  usua! t heo ry  o f  t h e  pendulum can he app l i ed . "  

From t h i s ,  he o b t a i n s  the  wrong t rans fo rma t ions  formula  f o r  

f o rces  i n  s p e c i a l  r e l a t i v i t y .  

I n  a sirnple d e r i v a t i o n  o f  t h e  mass-speed r e l a t i o n ,  ~ o n d i ~ ~  

t r i e d  t o  j u s t i f y  t he  constancy o f  p by t h e  f o l l o w i n g  argument: 

"To v i s u a l  i z e  t h i s  s o r t  o f  t o y  experiment we may cons ide r  a 

case where B f i r e s  b u l l e t s  a t  p ieces o f  a r m r  p l a t i n g  and we s h a l l  make 

the  assup t i on  t h a t  t h e  p e n e t r a t i n g  power o f  t h e  b u l l e t s  depends s o l e l y  

on the component o f  momentum a t  r i g h t  angles t o  the  p ieces o f  armor p l a -  

t i n g .  (see our  ~ i g . 3 )  

"We assume t h a t  A and B agree about d i s tances  a t  r i g h t  ang les  

t o  t h e i r  mot ion.  I f  they do, then s i n c e  t h e  th i ckness  o f  t h e  a r m r  p l a -  

t i n g  i s  a t  r i g h t  ahgles t o  5 ' s  mot ion,  they agree on t h i s .  They agree 



F i g . 3  - The m t h o d  proposed by H. Bondi f o r  comparison o f  transverse l i-  

near nwmnta:  a gun G f i r e s  a b u l l e t  towards an arnwr p l a t i n g  P;  Bondi 

supposes t h a t  the penetra t ing  pauer o f  the  b u l l e t  depends only  on i t s  

transverse m m n t u m .  

a l s o  on t h e  d i s t a n c e  f rom t h e  muzzle o f  B ' s  gun t o  t h e  a r m o r  p l a t i n g .  

Furthermore, whether o r  n o t  t he  b u l l e t  pene t ra tes  t h e  armor p l a t i n g  i s  

something t h a t  A  can see and i f  t h e  p e n e t r a t i n g  power depends w h o l l y  on 

t h e  normal momentum, then by u s i n g  d i f f e r e n t  b i t s  o f  a r m r  p l a t i n g  and 

see ing whether t he  b u l l e t s  p e n e t r a t e  them o r  not ,  A  and B can reach en- 

t i r e  agreement on the  normal rnomentum o f  B 's  b u l l e t s . "  

Now, t h e r e  a r e  two impor tan t  f a u l t s  i n  t h i s  argument. F i r s t :  

i n  c l a s s i c a l  phys ics ,  t h e  p e n e t r a t i n g  power o f  t h e  b u l l e t s  does n o t  de- 

pend on the component o f  rnomentum a t  r i g h t  ang les  t o  t h e  p ieces o f  armor 

p l a t i n g ;  i t  depends (and i s  d i  r e c t l y  p r o p o r c i o n a l ,  i n  t h i s  case) t o  t h e  

"component" o f  k i n e t i c  energy K a t  r i g h t  ang ies  t o  t h e  armor p l a t e .  Se- 
2 

cond: he assumes t h a t  t h e  mot ion o f  t h e  armor p l a t i n g  does n o t  change i t s  

i n t r i n s i c  r e s i s t a n c e  t o  t h e  b u l l e t ,  because i t s  t h i ckness  d i d  no; chan- 

ge. That i s  n o t  c o r r e c t .  A  r e l a t i v i s t i c  a n a l y s i s  which w i l l  n o t  be shown 

i.n t h i s  paper proves t h a t  t he  i n t r i n s i c  r e s i s t a n c e  o f  t h e  armor p l a t i n g  

changes w i t h  i t s  speed ( i t  i s  e a s i e r  t o  p e n e t r a t e  a  s h i e l d  a t  r e s t  r e l a -  

t i v e  t o  t h e  gun than one moving r e l a t i v e  t o  t h e  gun, pe rpend icu la r  t o  

t h e  b u l l e t ' s  d i r e c t i o n ) .  A l though Bond i ' s  argument i s  wrong, he o b t a i n s  

the  c o r r e c t  r e l a t i o n  between mass and speed, because t h e  two e r r o r s  mu- 

t u a l l y  cance l .  



So, why shou ld  we p r e f e r  (1)  and (14) t o  ( 2 )  and (24) ? Our 

d i s c u s s i o n  has showed t h a t  t h e r e  remains a k i n d  o f  a r b i t r a r i n e s s  i n  r e -  

l a t i v i s t i c  dynamics i f  we t r y  t o  b u i l d  i t  f rom sirnple ana log ies  o f  c l a s -  

s i c a l  dynamics. T h i s  a r b i t r a r i n e s s  a r i s e d  f rom t h e  t e n t a t i v e  o f  d e r i v i n g  

a r e l a t i o n  between mass and v e l o c i t y  w i t h o u t  an e x p l i c i t  e l u c i d a t i o n  o f  

t he  dynarnical concepts,  such as f o r c e ,  momentum, energy. There i s  no a r -  

b i t r a r i n e s s  when o p e r a t i o n a l  meanings a r e  g i ven  t o  a t  l e a s t  one o f  t h e  

dynamical magnitudes. T h i s  w i l l  be shown i n  a f o l l o w i n g  paper, wh ich w i l l  

p resen t  a d e t a i l e d  examinat ion o f  t h i s  methodolog ica l  aspect o f  r e l a t i -  

v i t y ,  wh ich has n o t  deserved up t o  now t h e  c l o s e  s c r u t i n i t y  t h a t  i t  de- 

serves.  
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