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Froms Iz m e r i te l ’naya Tekhnika., No, !„  pp . 20-23„ 1956

nKPTMTTTDW OE THE ROENTGEN IN CONNECTION WITH THIS UNIT’ S 

APPLICATION FQRALL IONIZING RADIATIONS,

By

I .  V. Poroikov

The tim e ly  a r t i c l e  by M. F . Yudins ’’Comments on th e  Problem o f the New 

D e f in i t io n  f o r  th e  U n its  o f  -X and Gamma R ad ia tio n s  and R a d io a c tiv ity "  ( I z m e r i te l*naya 

Tekhnika., No, l s 1955) <> has a t t r a c t e d  long overdue a t t e n t io n  to  th e  shortcom ings 

co n ta in ed  in  the recommendations o f the  I n te rn a t io n a l  Commission on R ad io lo g ica l 

U n its  o f 1953o

The q u es tio n s  r a i s e d  by M0 F . Yudin appear to  be p a r t i c u la r ly  opportune 

in  view of th e  p u b lic a tio n  in  our m e tro lo g ic a l l i t e r a t u r e  o f m a te r ia ls  which
.Cl ■

2il lu m in a te , e rro n eo u sly  the  su b je c t m a tte r  o f d is c u s s io n .

F urtherm ore2 during  th e  l a s t  te n  y e a rs  in  connection  w ith  th e  su c c e ss fu l 

u t i l i z a t i o n  o f ra d io a c tiv e  iso to p e s  as  i n t e r n a l  e m it te r s ,  a change was made,, in  

th e  d e f in i t io n  o f th e  roen tgen  and t h i s  u n i t  was given b ro ad  a p p lic a t io n  no t only  

in  ex p ress in g  doses o f X and gamma ra d ia t io n s  b u t a ls o  those  o f o th e r  io n iz in g  

rad ia tio n S o

Thus th e  need f o r  a  re v is io n  o f  the  A ll-U nion S ta te  S tandard  f o r  t h i s  u n i t  

has become q u ite  p re s s in g .

To o b ta in  a  c le a re r  p e rc ep tio n  o f th e  d e f ic ie n c ie s  o f th e  1953' ICRU recommendations, 

the  problem o f  th e  roen tgen  d e f in i t io n  should  be review ed in  i t s  h i s to r i c a l  a s p e c t .
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The ICRU recommendations e s ta b l is h e d  th e  ro en tg en  as a  u n i t  o f  X -ra d ia tio n  

d e f in in g  i t  a s  th e  '"q u an tity  o f X -rays w h ic h . . . in  a cub ic  c en tim e te r  o f atm ospheric 

a i r . . .p roduces such c o n d u c t iv i ty . . . t h a t  th e  charge measured a t  c u rre n t s a tu r a t io n  

i s  eq u a l to  one e l e c t r o s t a t i c  u n i t . "

As i t  may be seen5 t h i s  d e f in i t io n  was concerned only w ith  X -ra d ia tio n  and 

s p e c i f i c a l ly  w ith  th a t  q u a n ti ty  o f  X -rays which produces th e  work of gas io n iz a t io n  

In  o th e r  words9 i t  d e a lt  w ith  the  absorbed  energy o f X -ra d ia tio n  r e la te d  t o  the  

u n it  volume o f th e  absorbed  medium ( a i r ) . T h is  i s  p r e c is e ly  what i s  s ta te d  in  

th e  d e f in i t io n  o f th e  roen tgen  which i s  given i n  th e  A ll-U nion  S tandard  (OST)

7623 w ith  s p e c if ic a t io n  o f th e  d im e n s io n a lity  o f  t h i s  u n i t  (L“^ MT"^)S meanings 

energy r e la te d  to  th e  u n i t  volume.

2Meanwhiles in  th e  work r e f e r r e d  to  above 9 p u b lish ed  in  195>US i t  i s  a lle g e d  

(page 68) th a ts  "a d e p a rtu re  can be d e te c te d  from  th e  u n iv e r s a l ly  adopted  views 

concerning th e  p h y s ic a l  q u a n t i t ie s  and u n i t s —-as i t  i s  ex p la in ed  h e r e a f te r —-in 

th e  concept o f th e  roen tgen  a s  s t ip u la te d  in  OST 7623." X ets th e  e x p lan a tio n s  

prove to  be n o t on ly  p e c u l ia r  and s u b je c tiv e  bu t a lso  e n t i r e ly  in c o n c lu s iv e .

F i r s t  o f a l l 9 fo r  in s tan ce9 f o r  some obscure reasons,, th e  a d m is s ib i l i ty  i s  being 

q u estio n ed  to  co n sid e r th e  volume d e n s ity  - o f th e  absorbed energy o f r a d ia t io n  

as an independent p h y s ic a l q u a n ti ty 9 a lthough  th e  au th o r—as  one would l ik e  to  

b e lie v e —=knows w e ll t h a t  the  abso rb ed  energy o f r a d ia t io n  i s  no t in  a s to c h a s t ic  

bu t in  a fu n c tio n a l  r e l a t io n  to  the  i r r a d ia te d  volume a s  w e ll as  to  th e  mass o f 

th e  exposed su b s ta n c e . A f te r  a . f u t i l e  o p e ra tio n  (page 69 ) w ith  an e rro n eo u sly  

w r i t te n  ex p ress io n  r e f e r r in g  to  th e  absorbed energy of ra d ia tio n ., an a l le g a t io n  

i s  made to  th e  e f f e c t  th a t  th e  volume d e r iv a tiv e  o f  th e  absorbed r  a d ia n t energy 

" a c tu a l ly  i s  a  d e r iv a t iv e  o f th e  energy i r r a d ia t io n  w ith  re sp e c t to  the  course
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o f energy p ro p ag a tio n  and g ives an id ea  of th e  change (d ec rease ) o f th e  i r r a d ia t io n  

in  dep th  o f th e  medium". The d e f ic ie n c y  of t h i s  a lle g a tio n  can be e a s i ly  gathered  

from th e  f a c t  th a t  th e  d im e n s io n a lity  o f th e  d e r iv a t iv e  o f absorbed energy w ith  

re s p e c t to  volume (L“^ MT"^) i s  o th e r  th an  th e  d im en sio n a lity  o f  th e  d e r iv a tiv e  

o f e n e rg y  i r r a d i a t i o n  (page 68) w ith  re s p e c t to  th e  course (L“^ MT"^).

There o b v iously  i s  l i t t l e  sense in  comparing q u a n t i t ie s  o f d i f f e r e n t  

d im e n s io n a lity .

The a n a ly s is  o f th e se  m isunderstand ings i s  e s s e n t i a l  because the  work^ 

b e a rs  th e  stamp of th e  M endeleyeff A ll-U nion S c ie n tif ic = R e se a rch  I n s t i tu t e s  

and in  th e  forew ard sig n ed  by th e  " re sp o n s ib le  e d i to r '^  th e  w ish i s  exp ressed  

in  th e  name o f th e  Learned C ouncil o f  MAUSRI f o r  a  g e n e ra l d is c u s s io n  o f  th e  

d eb a tab le  p o s i t io n s  o f th e  a u th o r.

In  the ICRU recommendations o f 1937s th e  a p p lic a t io n  o f the  roen tgen  was 

extended to  cover th e  f i e l d  o f gamma ra d ia t io n s  w ith  th e  r e te n t io n  o f th e  p h y s ic a l  

meaning of th e  u n i t .  At th e  same tim e th e  te x t  of th e  d e f i n i t i o n  co n ta in ed  t h i s  

sta tem en ts  " u n it o f q u a n ti ty  o r dose o f  X and gamma r a d ia t io n s ” .

Thus, in  t h i s  d e f in i t io n  th e  term  " q u a n tity  o f r a d ia t io n s "  i s  id e n t i f i e d  

w ith  the  term  "dose".

The 1950 recommendations o f ICRU in tro d u ced  an e s s e n t ia l  new elem ent w ith  

reg a rd  to  th e  ro en tg en s vizs- th ey  changed th e  p h y s ic a l meaning o f t h i s  un it,, 

having l e f t  i t s  name and s iz e  unchanged. I t  was proposed to  c o r r e la te  th e  ra d ia n t 

energy no t to  th e  i r r a d ia t e d  volume bu t to  th e  i r r a d ia te d  mass o f a i r  (0.001293 g . 

o f a i r ) .
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T his  change was suggested  in  view o f th e  f a c t  th a t  in  u t i l i z i n g  th e  d i s t r ib u te d  

in te r n a l  e m it te r s  i t  i s  d i f f i c u l t  to  o u tlin e  the  l im i t s  o f th e  i r r a d ia te d  volume 

of th e  m a te r ia l  and i t  i s  e a s ie r  to  determ ine th e  mass of th e  m a te r ia l  su b je c te d  

to  i r r a d i a t i o n .  The new d e f in i t io n  changed th e  d im en s io n a lity  o f th e  ro en tg en .

I t  became a u n i t  o f a d i f f e r e n t  p h y s ic a l  q u an tity *  which* n e v e rth e le ss*  p reserv ed  

th e  d e s ig n a tio n  o f dose re g a rd le s s  o f th e  f a c t  t h a t  th e  volume d e n s ity  o f th e  

absorbed  energy was re p la ce d  by s p e c i f ic  absorbed  energy .

The ICRU recommendations o f  1953 d id  not c o n tr ib u te  any th ing  new to  the  

d e f in i t io n  o f  th e  roentgen* but th ey  in tro d u ced  a new te rm ino logy  and new u n i ts  

o f measurement which brought about the  p re v io u s ly  m entioned elem ents o f confusion  

and th e  ensuing  m isu n d erstan d in g s .

In  th e  ICRU recommendations o f 1953s th e  concep ts o f '’q u a n tity  o f r a d ia t io n ” 

and "dose" a re  s e p a ra te d . The q u a n tity  o f r a d ia t io n  i s  term ed as  th e  "tim e i n t e r g r a l  

o f in te n s i ty "  (p o in t 2)* and th e  dose—which i s  e m p h a tica lly  d e sig n a ted  a s  "absorbed 

dose"—i s  d e fin ed  (p o in t 3) ass " the  amount o f  energy im parted  to  m a tte r  by io n iz in g  

p a r t i c l e s  p e r  u n it  mass o f i r r a d ia te d  m a te r ia l" .

I e j ,  re fe re n c e  to  p o in t 7 o f  the  same recommendations* which i s  confined  

to  the  d e f in i t io n  o f th e  roentgen* w i l l  c le a r ly  show th a t  i t  t r e a t s  as  synonymous 

"the  dose o f r a d ia t io n "  and th e  "q u a n tity  o f  r a d ia t io n  such th a t  th e  a s s o c ia te d  

c o rp u scu la r  em issio n . . . " .

At the  same time i t  rem ains u n c le a r  w hether th e  s t ip u la te d  term* "dose 

o f ra d ia tio n " *  c o in c id es  w ith  th e  concept con ta in ed  in  p o in t 3« A lso vague i s  

th e  q u estio n  w hether th e  words used  in  th e  d e f in i t io n  " q u a n tity  o f r a d ia t io n  

such th a t  th e  a s s o c i a t e d . . . "  have th e  same meaning as  th e  term  " q u a n tity  o f
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rad ia tio n * 9 from p o in t 2S o r i s  t h i s  supposed to  mean th e  r a d ia n t  energy transfo rm ed  

in  the substan ce  by means o f co rp u scu la r  em issio n e

The presence  o f th ese  e lem en ts of confusion  in  th e  te x t  o f th e  1953 ICRU 

recommendations e x p la in s  th e  m isunderstand ings v h ich  have sprung up a s  a r e s u l t  

o f d i f f e r e n t  in te r p r e ta t io n s  o f th e  s ig n i f ic a t iv e  co n ten t o f the  ro en tg en  u n i t .

I t  should  be no ted  th a t  p o in t 5 o f th e  same recommendations p ro v id es  a 

m athem atical ex p ress io n  in d ic a t in g  th e  method o f de term in ing  th e  "absorbed dose" 

v a lu e  on th e  b a s is  o f " io n iz a t io n  produced in  g a s" .

The te x t  o f  the  recommendations reads?- "The energy E ĵ im parted  to  th e  

u n i t  mass o f  th e  m a te r ia l  i s  th e n  e s s e n t ia l ly  r e l a t e d  to  th e  io n iz a t io n  p e r  u n it  

mass o f gas 3^ by th e  equations

E = M'S I  m m m
where W i s  th e  average energy expended by th e  io n iz in g  p a r t i c l e  p e r  ion  p a ir  

formed in  the  gass and i s  th e  r a te  o f  th e  mass s topp ing  power o f th e  m a te r ia l  

to  th a t  o f  th e  gas.

W hatever a re  th e  u n i t s  used to  ex p ress  E^g i t  w i l l  be—accord ing  to  p o in t 2— 

the  "absorbed dose"s o r—accord ing  to  th e  d e f in i t io n —th e  energy r e la t e d  to  th e  

u n i t  masss i . e . s a q u a n tity  whose d im e n s io n a lity  i s  (L^ T ^ ) e

In  th e  given ex p ress io n  Sm i s  th e  magnitude o f zero  dim ensions^ whereas Ws 

accord ing  to  th e  d e f in i t io n s  i s  the  m agnitude o f the  amount o f  energy o r work* 

hence 3^ must have th e  magnitude o f (M“^) which in  f a c t  corresponds to  the  p h y s ic a l 

meaning o f th e  term  " io n iz a t io n  p e r u n i t  mass o f g a s" .

Thuss in  th e  m athem atical ex p ress io n  con ta in ed  in  th e  ICRU recommendations 

o f 1953s no magnitude can be found which could be tak en  as  a q u a n t i ta t iv e
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p
c h a r a c te r i s t i c  o f th e  13su rface  d e n s i ty  o f r a d ia n t  e nergy"* a s  th e  au th o r w ishes

i t  to  b e . Furtherm ores i t  ensues from the  reco rded  e x p re ss io n  th a t  in  m easuring

io n iz a t io n  in  a i r  and in  determ in ing  in  a ir*  we o b ta in  8^ = 1 whereupon th e

energy of r a d ia t io n  absorbed p e r  u n i t  mass is s

E„ = W. I  m s m

Since Wg—f o r  th e  e n t i r e  range o f X and gamma ra d ia t io n s —may on the  average 

be assumed to  be a c o n s ta n t q u a n ti ty  o f equal to  33+ 3 e le c tro n  v o lts*  i t  becomes 

e v id en t th a t  th e  measured q u a n tity  o f io n iz a t io n  p e r  u n i t  mass o f  a i r  i s  a q u a n tity  

which i s  p ro p o r tio n a l to  the  ra d ia n t e nergy absorbed  in  a i r  and r e la te d  to  u n it  

mass o f a i r  or to  th e  absorbed  dose.

p
Hence* acco rd ing  to  th e  ICRU recommendations and in  s p i te  o f  th e  a u th o r3s 

opinion* th e  roen tgen  i s  a u n i t  o f absorbed  and n o t o f in c id e n t ra d ia n t  energy .

The f a c t  th a t  th e se  recommendations a ss ig n  an o th er u n i t  f o r  th e  absorbed 

dose* namely th e  rad  (X -ray absorbed  d o se )* i s  to  be ex p la in ed  by d i f f e r e n t  

c o n s id e ra tio n s . Io n iz a tio n  in  a i r  i s  being measured by means o f roen tgenm eters 

and th e  a i r  dose values*  ex p ressed  in  roentgens* a re  f r e q u e n tly  m istaken  fo r  

t i s s u e  doses—a m a tte r a g a in s t which w arnings were always made in  th e  recom m endations.

A ttem pts were made in  th e  1953 recommendations o f ICRU to  e lim in a te  e r ro r s

th rough  in tro d u c tio n  o f a s p e c ia l  d e s ig n a tio n  f o r  th e  u n i t  o f dose in  m a te r ia ls

w ith  a. m echanical e q u iv a len t va lue  given as 100 e rg s . I t  would be an o v e rs ig h t
g

n o t to  m ention here  th a t  t h i s  o p e ra tio n  proved to  become th e  source o f new 

m isunderstand ings.
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Indeed a ir  i s  a lso  a m ater ia l, and a dose o f 1 roentgen i t  seems should have

been eq u al to  an a i r  dose o f 1 r a d . However, 85 e rg s  (m echanical e q u iv a le n t of
g

ro en tg en ) a re  no t eq u al to  100 e rg s  j and, consequen tly , th e  ro en tg en  and th e
g

rad prove to  be two d if fe r e n t u n its  o f dose even in  a ir .

The above a n a ly s is  o f  con trad iction s contained in  the ICRU recommendations 

of 1953 shows th at th ese  recommendations cannot be accepted without e s s e n t ia l  

amendments fo r  the form ulation o f the new d e f in it io n s  o f the A ll-Union State  

Standard fo r  u n its  o f X and gamma rad iation  and r a d io a c t iv ity .

This s itu a t io n , in  our opinion, i s  mainly due to  the fa c t  that th e M etrological 

In s t itu te  o f the S ov iet Union i s  not represented at ICRU.

As to  the wording o f the roentgen d e f in it io n  fo r  the projected  new A ll-Union  

State Standard, one should remark th at a. sa t is fa c to r y  form ulation of th is  d e f in it io n  

i s  im possible as long as no coordination i s  achieved in  the in terp re ta tio n  o f the  

meaning and the f i e ld  o f a p p lica tio n  of the roentgen.

There are three p o in ts  o f view in  Me F. Yudin's a r t ic le  which d ea l w ith the  

question o f the quantity of which the roentgen should be the u n it . The f i r s t  

version , tr e a tin g  the roentgen as a un it o f  surface d en sity  o f X ray energy, i s  

to  be d iscard ed  since t h is  i s  a r e s u lt  o f an obvious misunderstanding duly 

referred  to  above.

The second versio n , which d escrib es the roentgen as a u n it o f s p e c if ic

absorbed radiant energy in  any m ateria l (w ith i t s  s iz e  determined by i t s

mechanical eq u iva len t, i . e . ,  85 ergs ) ,  r e s u lt s  from the acknowledgement of
g

the constancy of the energy imput required to  produce an ion  pair in  a ir
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throughout the en tire  sp e c tra l region  of ra d ia tio n s  to  which the roentgen i s  

ap p licab le  as a u n it .  However, th is  region a t the present time has expanded 

to  such an ex ten t (up to  quantum energy r a d ia tio n  of 3 MeV) that no s u f f ic ie n t ly  

conclusive data are a v a ila b le  any longer to  permit considering the quantity  W

as constant for  the en tire  region o f X and gamma r a d ia tio n s.

In  t h i s  case i t  would r e a l l y  become n ecessa ry  to  r e c a lc u la te  th e  v a lu es  

o f m edical th e ra p e u tic  d o ses . This p re s e n ts  a c e r ta in  inconven ience.

The th ird  version  i s  un su itab le  and should be re jec ted  because th e u n it 

o f p h y sica l dose adequate fo r  one m ateria l (a ir )  cannot be considered inappropriate 

to  express the amount o f the same p h ysica l quantity when app lied  to  any other 

m ateria l.

The dose u n i t  in  the sense o f p o in ts  3 and 5 o f th e  ICRU 1953 recommendations 

i s  e q u a lly  a p p lic a b le  to  a l l  m a te r ia ls  in c lu d in g  a i r .

I t  ensues from the a fo resa id  th a t none o f th e version s o f the roentgen

in terp re ta tio n  reviewed in  M. F. Yudin's a r t ic le  could s a t is fy  the requirements

of c la r ity ,  p r a c tic a l need, and convenience.

In p ractice  the s itu a t io n  becomes even more com plicated because the roentgen

is  being used as a u n iv ersa l u n it o f dose fo r  a l l  io n iz in g  ra d ia tio n s w ith  a

q u a lify in g  reference as to  the roentgen equivalence o f the dose made e ith e r  on

th e  b a s is  o f th e  io n iz in g  p ro ce ss  in  a i r  (ro en tg e n -e q u iv a len t-p h .y s ica l- r e p ) ,

or on the b a s is  o f the b io lo g ic a l e f f e c t  in  t is s u e s  (rem). As already mentioned

e a r l ie r ,  s t i l l  another new u n it was now added to  th ese by the ICRU recommendations

of 1953, namely, th e  u n i t  o f absorbed dose, ra d  = 100 e rg s
g
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3h our op in io n , a r a d ic a l  s o lu t io n  o f th e  problem  r e s u l t in g  from th e  d e f in i t io n  

of th e  ro en tg en —which a s  a u n it  has re c e iv e d  b road  a p p lic a t io n  in  r a d io lo g ic a l  

p r a c t ic e s  exceeding hy f a r  th e  framework o f X and gamma r a d ia t io n  measurement— 

could  be found only a t  th e  cost o f  r e je c t io n  o f any s ig n i f ic a t iv e  a s s o c ia t io n  

of th e  roen tgen  w ith  any energy c h a r a c te r i s t i c s  o f r a d ia t io n .

The roentgen should n e ith er  be defined  as a dose o f ra d ia tio n , nor as the  

quantity  o f r a d ia tio n . I t  should—-in s t r i c t  conformity w ith th e s p e c if ic  fea tu res  

which determine the magnitude of th is  u n it—be considered as a un it o f '’io n iz a t io n ”. 

With such a m odification  of the meaning of the roentgen many m etro log ica l advantages 

w il l  be achieved. F ir s t  o f a l l ,  th ere no longer would be any need to  explain  of 

what q u antity  the roentgen i s  a u n it .  Secondly, the d e f in it io n  o f th e roentgen  

could be made more p r e c is e , much sh o rter , and gen era lly  more convenient in  the 

sense o f i t s  r e la t io n  to  the adopted u n its  o f other q u a n t it ie s . T h ird ly , the 

need would disappear fo r  the use o f a r t i f i c i a l  u n its  such as rep and rad.

F o u rth ly , th e  c o n tra d ic t io n s  co n ta in ed  in  th e  ICRU recommendations o f 1?53 would 

be removed. F i f th ly ,  th e  u n iv e r s a l ly  adopted  u n i ts  o f energy f o r  a l l  energy 

q u a n t i t ie s  r e la t iv e  to  io n iz in g  r a d ia t io n s  o f any type cou ld  be p re se rv ed  and 

recommended.

On th e  b a s is  o f th e  above, th e  fo llo w in g  wording o f th e  ro en tg en  d e f in i t io n  

could be advanced:

”The u n it o f io n iz a t io n —roentgen (rg . R)-*- i s  the io n iza tio n  o r ig in a tin g  

in  matter under the in flu en ce o f ra d ia tio n , a t which l.STXlO"1"̂  ion  p a irs are 

being formed by rad ia tion  per one gram o f irra d ia ted  m a tter .”
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Notes

1 . For X rays generated at p o te n tia ls  o f 100-200 kV, io n iza tio n  in  a ir

of 1 roentgen corresponds to  the s p e c if ic  energy o f rad ia tion  absorbed

by a i r  o r  to  th e  dose o f r a d ia t io n  in  a i r  o f  85 e rg s .
g

2. For the c a lcu la tio n  of the s p e c if ic  absorbed energy,or the dose o f

any io n iz in g  rad ia tion  in  a given m a ter ia l, i t  i s  necessary to  m ultip ly  

the io n iza tio n  in  a ir ,  measured in  roentgens, by the value o f work 

done to  form one roentgen in  a ir  for the considered rad iation  and by 

the r a t io  o f the mass stopping power o f the m ateria l to  th a t o f the 

a ir .

In conformity w ith the above, the roentgen per second should be given a 

new term— "increment o f io n iz a t io n ” to  rep lace the old  designation  o f "dose 

ra te" .

The above-mentioned rad ica l d ec is io n s  can be reached, however, only at 

the cost o f great s a c r i f ic e s .  A habit has taken root in  ap p lica tio n  p ra c tices  

of io n iz in g  rad ia tion s to  consider the roentgen as a dose o f rad ia tion  in  a ir ,  

and i t  w i l l  not be easy to  g ive up th is  routine and to  begin expressing the  

dose in  erg /g  in stead  o f the customary roentgens. However, t h is  i s  ju st what 

the 1953 recommendations o f ICRU are anyway already lead ing toj and should i t  

be considered opportune to  refer  the proposed new d e f in it io n  of the roentgen  

to  th is  organ ization , i t  would hardly seem p o ss ib le  th a t considerations o f  

"habit11 could develop in to  an ob stacle  barring the implementation of the a fo re

c ite d  u se fu l and progressive measures.
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