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S ta n d a r d iz a t io n  o f  e le c t r o n ic  c o m p o n e n ts

by H. W . Ghijsen *)

S U M M A R Y

In  the  first section  a  su rvey  is given o f  the  reason s  w h ich  lead  to s t a n ­
d a rd iz a t io n  in genera l  a n d  o f  the  a d v a n ta g e s  to be o b ta ined .  In  the  f u r ­
th e r  sections, the  field o f  e lec tron ic  com p o n en ts  is rev ie w ed .  A n  im p o r ta n t  
in te rn a t io n a l  ac t iv i ty  is deve loped  b y  the  re le v a n t  T echn ica l  C om m ittee  o f  
the  In te rn a t io n a l  E lec tro tech n ica l  C om m iss ion  ( I E C ) ,  w h ich  s ta n d a rd iz e s  
a long  the  l ine :  definitions -—- m easu r in g  a n d  test  m e thods  ■— simplification. 
S pec ia l  a t ten t io n  is p a id  to the  classification on the bas is  o f  e n v i ro n ­
m en ta l  condit ions  o f  use. A sh o r t  su m m a ry  of  the  p ro g ress  up  to n o w  is 
given.

W hy stayidardization

I t  m a y  be w ell  to  consider  the  gene ra l  a sp ec ts  of s t a n d a r d ­
iza tion  befo re  s ta r t in g  on the  sub jec t  of th is  a rtic le ,  especia lly  
fo r  the  benefit  of those  r e a d e r s  w ho  a re  n o t  in r e g u la r  c o n ta c t  
w ith  this field of technology. The m ost w id e sp re a d  idea  a b o u t  
the  ob jec t of s ta n d a rd iz a t io n  is, t h a t  i t  is the  a r t  of m aking  a  
r e s t r ic te d  choice b e tw e e n  a  g re a t  num ber  of ty p es .  This, h o w ­
ever, is on ly  p a r t  of the  t ru th .  To p u t  i t  in r a t h e r  genera l  
w o r d s :  the  ob jec t  of s ta n d a rd iz a t io n  is to  o b ta in  economic a s ­
se ts  fo r  all p a r t ie s  concerned  by  m aking  a  sensible choice from 
the  m ultip licity  of possibilities. N o te  the  differences b e tw e e n  
these  definitions. F i r s t  of all, the  "economic a s se ts  ', w h a te v e r  
th e y  m ay  be, an d  not the  choice a re  the  object, the  l a t t e r  only 
being the  means. This m ust  be k e p t  w e ll  in mind.

Secondly , the  f irs t  definition speaks  of " ty p e s"  w h e re  the  
second m entions "possib il i t ies" .  This h as  the  a p p e a ra n c e  of a  
p i t fa l l  a n d  will be exp la ined  w ith  a  simple example.

T ransm iss ion  shaf ts  a re  func tiona l ly  c h a ra c te r iz ed  b y  the
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m echanical p o w e r  th e y  can t ran sm it .  So having  decided on the  
m a te r ia l ,  an d  leaving aside  such de ta i ls  as su rface  condition 
an d  roundness ,  the  obvious th ing  to  do is to lay  dow n  a  series 
of d iam ete rs  an d  a sso c ia ted  to le rances .

The same p rocedu re  might be fo llow ed fo r  one or tw o  o th e r  
sh a f t  m ate r ia ls ,  b u t  it  a p p e a re d  to  be possib le  to  cover the  
g re a te r  p a r t  of the  need  b y  one m a te r ia l ,  viz. w ro u g h t  s tee l 
fo r  au tom obile  and  g en e ra l  engineering pu rposes .  This forms an 
example of a  s ta n d a rd iz a t io n  of types ,  commonly called  sim pli- 
fication. The “ economic a s s e t s ” also  become c lea r  fo r  th is  case ; 
the  m a n u fa c tu re r  will  have  a  b igger tu rn o v e r  in less types  a n d  
the  use rs  w ill  have  less types  in s to re , resu lt ing  in sm alle r  
t o ta l  s tock  an d  sm alle r  investm ent.  T h e se  savings can be p a r t ly  
exp ressed  in money.

This, how ever ,  is n o t  the  end  of the  s to ry . The u se r  is 
genera l ly  in te re s te d  to k n o w  w h e th e r  w h a t  he buys conforms 
to  specification, in th is  case the  s ta n d a rd .  C heck ing  of d im en­
sions does n o t  ra ise  undue difficulties, b u t  checking of m a te r ia l  
is c e r ta in ly  m ore complicated. F o r  t h a t  pu rpose , the  dim ensional 
s t a n d a r d  of the  sh a f t  should  be b a c k ed  by  a m a te r ia l  s ta n d a rd .

B u t  here  w e  have  only one “ poss ib i l i ty” of checking the  d e ­
livery. F o r  example, the  u se r  m ay  n o t  be in te re s te d  in the  
composition of the  m a te r ia l  he gets  b u t  in the  s t re n g th  only. 
T h e re fo re  he m ay  decide to  c a r ry  ou t  a m echanical te s t ,  such 
as  a to rq u e  tes t ,  in s te a d  of checking the  m a te r ia l  composition. 
I t  will  be c lea r  t h a t  “ m echanical t e s t ” in i tse lf  r e p re se n ts  m any 
possibilities.

F rom  this  exam ple i t  w ill  be u n d e rs to o d  t h a t  the  t a s k  of 
s ta n d a rd iz a t io n  is n o t  only to  m ake  a choice of ty p e s ,  b u t  a lso  
to  lay  d o w n  w h a t  p ro p e r t ie s  of an  a r t ic le  will be  te s te d  a c ­
cording to  exac tly  w h a t  t e s t  m ethod. T here  is a  fu r th e r  v e ry  
im p o r ta n t  ta sk ,  viz. to  define a c c u ra te ly  w h a t  is u n d e rs to o d  
by  the  d ifferen t te rm s  ap p lied  to  a  ce r ta in  a r t ic le .  H e re  aga in  
s ta n d a rd iz a t io n  is a  “ choice from all poss ib il i t ies” . G oing  into 
d e ta i l  he re  runs  the  r isk  t h a t  you  will  l a y  aside  th is  a r t ic le  
because  i t 's  too  dull, too  theo re t ica l .  B u t  w e  ju s t  have  to  
ta k e  th is  r isk  because  the  im portance  of good s t a n d a r d  
definitions can n o t  easily  be over-em phasized  and , fu r th e rm o re ,  
i t  will  show  one of the  co rner-s tones  of s ta n d a rd iza t io n .

The opinion is often  exp ressed  t h a t  p rac t ice  p rov ides  a  su f­
ficient g ra sp  of the  meaning of m ost  if n o t  all te rm s. E v e ry b o d y  
k n o w s  w h a t  is m ean t  by  re s is tance ,  induc tance  o r  w a t ta g e .
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This  is co rrec t ,  because  these  te rm s  a re  de r ived  from physics 
a n d  have  been  defined the re .  B u t  as soon as yo u  a p p ly  these  
te rm s  to an  artic le ,  difficulties m a y  arise . F o r  instance, w h a t  
is the  r a t e d  w a t ta g e  of a  r e s i s to r?  N o w  it  m us t  be a d m it te d  
th a t ,  w h en  the  com plete  s ta n d a r d  fo r  re s is to rs  is ava ilab le ,  i t  
m ay  fo llow  from the  t e s t  m ethods  w h a t  is to  be u n d e rs to o d  by  
r a t e d  w a t ta g e .  H o w e v e r ,  n o t  e v e ry b o d y  is ab le  to  find ou t  so 
re a d i ly  from the  t e s t  m ethod  w h a t  the  definition is.

To find a  definition is n o t  difficult in th is  case. I t  m ay  ru n  
som ething  like: the  w a t t a g e  t h a t  the  r e s i s to r  is ab le  to  dissi­
p a te  continuously  a t  a  given am b ien t  te m p e ra tu re .  C o n seq u en t ly ,  
a  pub lished  figure fo r  r a t e d  w a t t a g e  has  no m eaning unless the  
re le v a n t  am b ien t  t e m p e ra tu re  is a lso  given a n d  unless th e re  is 
some u n d e rs ta n d in g  a b o u t  how  long “ con tinuous” is, t h a t  is a b o u t  
the  life du ra t ion .

The above  m a y  be called  a  phys ica l  definition. The ques t ion  
a r ises  w h e th e r  i t  is a d e q u a te  from  the  p o in t  of v iew  of s t a n d a r d ­
ization. L e t  us suppose w e have  to  com pare  tw o  re s is to rs  of 
k n o w n  r a t e d  w a t ta g e s .  F i r s t  w e  have to  find in the  m a n u fac tu re r 's  
d a t a  sh e e t  the  te m p e ra tu re  co rrespond ing  to  t h a t  w a t ta g e .  I f  
these  te m p e ra tu re s  a re  n o t  the  same, w e  have  to  find the  p e r ­
missible w a t t a g e  a t  one te m p e ra tu re  from  the  so-called d e ra t in g  
curves, i.e. the  curves show ing the  p e rce n ta g e  of r a t e d  w a t t a g e  
as  a  function of the  am b ien t  te m p e ra tu re .

The a d v a n ta g e  of such a phys ica l  definition is obviously  t h a t  i t  
ind uces m a n u fac tu re rs  to  publish  the  w a t t a g e  ra t in g  to g e th e r  
w i th  the  a p p ro p r ia te  te m p e ra tu re ,  and  so e lem inates m isunder­
s tanding . H o w e v e r ,  the  com parison  of re s is to rs  of diffe­
r e n t  m ake m ay  still be a  t r ic k y  business a n d  confusion is l iable  
to  arise . I t  w ou ld  be a  g r e a t  a d v a n ta g e  if i t  w e re  possible  to  
ob ta in  ag ree m e n t  on one te m p e ra tu re  to  be used  b y  all m an u ­
fa c tu re r s  an d  users, s a y  40 °C. The definition w o u ld  then  in­
clude all f a c to rs  necessa ry  fo r  d irec t  com parison  and  such a  
definition can be called  a  s ta n d a r d  definition.

I t  will be no ticed  t h a t  the  ag ree m e n t  on life d u ra t io n  h as  been  
le f t  out. This is a  v e ry  difficult subject, to  w hich  s ta n d a rd iz a ­
tion canno t  give a  simple solution. O f  course  i t  is possible  to  a d d  
the  w o rd s  “fo r  five y e a r s ” to  “ con tinuous” in the  definition, 
b u t  this w ou ld  n o t  have much techn ica l  meaning. F i r s t ly  suf­
ficient d a t a  ove r  long time pe rfo rm ance  a re  only o b ta in ed  a t  
high cost an d  much troub le ,  and  secondly , i t  w o u ld  imply a  
long-term  g u a ra n te e .  The only p ra c t ic a l  poss ib i l i ty  is to  p r e ­
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scribe in the  s ta n d a r d  an  en d u ran ce  t e s t  of a d e q u a te  length, 
say  1000 hours ,  u n d e r  severe  o p e ra t in g  conditions, and  to  spe­
cify the  maximum perm issible  d e te r io ra t io n  a f te r  t h a t  tes t .

So even s t a n d a r d  definitions m ay  n o t  be s t r ic t ly  com plete  b u t  
fo r  p ra c t ic a l  e v e ry -d a y  life th e y  a re  s a t i s fa c to ry  an d  in d isp e n ­
sable.

This show s a n  im p o r ta n t  a sp ec t  of the  m a t te r .  Definitions 
including the m easuring  a n d  t e s t  m ethods enab le  us to  define 
the  p ro p e r t ie s  of an  ar t ic le  com pletely . I f  done in the  p ro p e r  
w a y ,  d iffe ren t m akes  of a r t ic les  a re  d i rec t ly  com parab le  an d  
th e re  can be no m isunders tand ing  b e tw e e n  m a n u fa c tu re r  an d  
p u rc h a s e r  o r  any  o th e r  confusion. To p u t  i t  in a n o th e r  w a y :  
“ all p a r t ie s  speak  the  same l a n g u a g e 1. H e r e  w e  have a n o th e r  
a sp ec t  of the  economic asse ts  m entioned  in the  beginning, p e r ­
h a p s  the  m ost im p o r ta n t  one. To derive  full a d v a n ta g e  from a  
s ta n d a r d  in th is  respect ,  a  first condition  is t h a t  it  should be 
genera l ly  a c ce p te d  an d  used. Again , s ta n d a rd iz a t io n  is n o t  the  
aim b u t  only the  m eans to  come to a  b e t t e r  u n d e rs tan d in g .

A s ta n d a r d  m ay  be com ple te ly  sound  technically , b u t  w h en  
fo r  some re aso n  o r  o th e r  i t  is n o t  ac ce p ta b le  to  some in te re s te d  
p a r ty ,  i t  is l iable  to  increase  confusion in s te a d  of decreas ing  
it. T he  b e s t  s t a n d a r d  is the  one on w hich  genera l  ag reem en t  
can  be reached ,  even w h e n  i t  is e i th e r  incom plete  o r  even n o t  
fully in acco rdance  w i th  the  s ta te  of techn ica l  developm ent.

I t  w ill  be no ted  t h a t  in the  above  th re e  d is t inc t  p h ases  have  
been  in tro d u ced .  This has , h o w ev e r ,  been  done in the  w ro n g  
o rd e r .  W h e n  w o r k  on a  n e w  sub jec t  is s t a r t e d ,  i t  is common 
p rac t ice  to  begin  w i th  definitions. A s soon as sufficient idea  has  
been  fo rm ed  b y  the  committee as  to  the  concep ts  th e y  a re  
ta lk in g  a b o u t ,  so t h a t  du r ing  the  discussions th e re  can  be no 
m isunders tand ing ,  i t  m a y  be  good to  leave  the  definitions aside  
fo r  a  while  an d  to  focus a t te n t io n  on the  t e s t  a n d  m easu rem en t  
m ethods. T hese  can  be r e g a r d e d  as  a  supp lem en t  to  the  defi­
n itions a n d  in some cases  i t  is e a s ie r  to  finalize the  definitions 
a f t e r  the  m easuring  a n d  t e s t  m ethods  have  been  d iscussed . 
F ina lly ,  the  simplification can be t a k e n  in hand , comprising the  
laying d o w n  of levels of minimum quali ty ,  of r e s t r ic te d  series 
fo r  nom inal va lues  an d  of dimensions. This l a s t  a c t iv i ty  m ust  
be  c a r r ie d  ou t w i th  g r e a t  cau tion  in o rd e r  n o t  to  lay  d o w n  
ru les  w hich  m ight in te r fe re  w i th  fu tu re  deve lopm ent.

A p a r t  from  this, th e re  a re  often  one o r  tw o  sub jec ts  such as 
co lour codes a n d  g en e ra l  series of p r e f e r r e d  values, w hich
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a re  n o t  quite  covered  by  these  th re e  activ ities , b u t  w hich  a re  
v e ry  su i tab le  fo r  s ta n d a rd iz a t io n .

O f  course  the  re la t iv e  im portance  of the  th re e  ac tiv ities  
var ies  from case to  case. In  genera l,  the  more com plicated  a  sub jec t  
is, the  more im p o r ta n t  the  f irs t  tw o  activ it ies  a re . E lec tron ic  
com ponents  are [complicated.

To sum up the  “ w h y ” of s ta n d a rd iz a t io n :  the  aim is to  
p rom ote  b e t t e r  u n d e rs tan d in g ,  especially  b e tw e e n  m a n u fa c tu re r  
an d  user, to  o b ta in  c h e a p e r  p ro d u c ts  of good q u a l i ty  a n d  
sm alle r  s tocks  an d  s im ilar a d v a n ta g e s  by  c rea t in g  a  w ell-  
defined “ technical la n g u a g e ” and  by  re s t r ic t in g  the  n u m b er  of 
types .  A  ve ry  im p o r ta n t  f a c to r  is the  use t h a t  is m ade of a 
s ta n d a rd .

Who standardizes

This m ay  seem a  r a t h e r  silly question , b u t  i t  is of special 
im portance  w i th  r e g a rd  to the  app lica t ion  of s ta n d a rd s .  B e s t  
k n o w n  is the  n a t io n a l  and  in te rn a t io n a l  s ta n d a rd iz a t io n  c a r r ie d  
ou t  by  n a t io n a l  s ta n d a rd iz a t io n  au th o r i t ie s  such as A F N O R  
(F rance) ,  B S I  (U n i te d  Kingdom), H C N N  a n d  N E C  ( N e t h e r ­
lands),  an d  by  in te rn a t io n a l  bodies such as I S O  ( In te rn a t io n a l  
o rg an isa t io n  fo r  S ta n d a rd iz a t io n )  a n d  I E C  ( In te rn a t io n a l  E le c ­
t ro te ch n ica l  Commission). This m ight be called  “ genera l  s t a n ­
d a rd iz a t io n ” , because  a ll  in te re s te d  p a r t ie s  a re  r e p re s e n te d  
in these  bodies (m anufac tu re rs ,  users ,  education , governm en t 
etc.). T h e re  is, h ow ever ,  much ac t iv i ty  in groups of in te re s te d  
p a r t ie s  also. T here fo re ,  s t a n d a rd s  can be rough ly  d iv ided  into 
genera l  s ta n d a rd s ,  use rs '  s t a n d a r d s  a n d  m a n u fac tu re rs '  s t a n ­
d a rd s .

To s t a r t  a t  the  b o t to m :  a  m a n u fa c tu re r  m a y  w a n t  to  s t a n ­
da rd ize  the  r a w  m a te r ia ls  he uses. In  principle  he can do so 
w i th o u t  consulting  anybody , b u t  if he is w ise  he w ill  a sk  the  
advice of his suppliers .  H e  is m aking  u se rs '  s t a n d a r d s  of a  
r a t h e r  limited app lication , b u t  the  s t a n d a r d s  w ill  no rm ally  have 
an  ob liga to ry  c h a ra c te r  in his fa c to ry  a n d  fo r  his suppliers .

o n the  o th e r  h a n d  he m a y  w a n t  to s ta n d a rd iz e  his p roduc ts .  
N o w  he m akes  m a n u fa c tu re rs '  s ta n d a rd s ,  w hich  m ay  have an  
o b l ig a to ry  c h a ra c te r  fo r  his fa c to ry  b u t  genera l ly  he w ill  n o t  
have  much chance to  enforce  these  on his p u rch ase rs .

The m a n u fa c tu re rs  of s im ilar a r t ic les  in one coun try  m ay 
come to g e th e r  to  fo llow  the  same p rocedure .  In  t h a t case



n a t io n a l  u se rs '  o r  m a n u fac tu re rs '  specifications arise , w hich as 
such do n o t  have  an o b l ig a to ry  c h a ra c te r .

H ow ever,  w h en  a  use rs '  s t a n d a r d  is a c cep ted  by  a  sufficient 
nu m b er  of m an u fac tu re rs ,  i t  au to m a tica l ly  becom es an  obliga­
to ry  s t a n d a r d  fo r  the  supplier.  N a t io n a l  m a n u fa c tu re rs '  s t a n ­
d a rd s  a re  only recom m endations ,  b u t  the  value of these  should 
n o t  be un d e r-es t im a ted ,  because  in m any  cases th e y  form the 
first  s tep  to  g en e ra l  s ta n d a rd iza t io n .

Finally , the  same p ro ced u re  can be re p e a te d  on an  in te r ­
n a t io n a l  basis.

U se rs '  specifications a re  n o t  on ly  m ade  by  indus try ,  b u t  also 
by  o th e r  groups of users ,  such as governm en t d e p a r tm e n ts ,  
adm in is t ra t io n s ,  m il i ta ry  au th o r i t ie s  (service specifications) an d  
b ro a d c a s t in g  companies. Since the  "g ro u p s"  of such u se rs  w ith in  
one c o u n try  a re  re la t iv e ly  small, ag reem en t  w ith in  the  group is as a 
ru le  easily  o b ta in ed  a n d  th e re fo re  these  s t a n d a r d s  au to m a tica l ly  
becom e o b l ig a to ry  fo r  the  suppliers ,  w h e re a s  in te rn a t io n a l ly  d ra f ­
te d  specifications of such groups a re  recom m enda tions  to  the  
n a t io n a l  groups.

A ll these  s t a n d a r d s  can  be tu rn e d  into g en e ra l  s t a n d a r d s  
by  subm itting  them  to the  a p p ro p r ia te  genera l  s tandard iz ing  
b o d y  (n a t io n a l  o r  in te rn a t io n a l)  an d  discussing them  w ith  all 
in te re s te d  p a r t ie s .  G e n e ra l  s t a n d a r d s  as such a re  recom m en­
d a t ions  b u t  can  become o b l ig a to ry  w h en  accep ted  by  factories ,  
com panies etc. o r  w h en  re fe r r e d  to  in a co n trac t .

N o w  le t  us r e tu rn  fo r  a  minute to  the  app lica tion  of s t a n ­
d a rd s .  Since the  usefulness of a  s t a n d a r d  is equ iva len t  to  its 
applica tion , the  logical consequence fo r  a  f a c to ry  m aking  s t a n ­
d a rd s  fo r  its  ow n use is to  m ake them  o b l ig a to ry  to the  g r e a t ­
e s t  possib le  ex ten t.  W i t h  re sp e c t  to n a t io n a l  an d  in te rn a t io n a l  
s t a n d a r d s  it can  be sa id  t h a t  the  idea l  s i tua t ion  is w hen  all 
m a n u fac tu re rs  an d  use rs  a b a n d o n  th e ir  ow n s ta n d a r d s  in f a ­
vour  of the n a t io n a l  o r  in te rn a t io n a l  ones.

A  simple w a y  of p rom oting  the  app lica t ion  of s t a n d a r d s  w ou ld  
be to  enforce them  by  law . In  a  dem ocra tic  society  th is  w ou ld  o b ­
viously be the  w ro n g  w ay ,  since only the  in te re s te d  p a r t ie s  a re  ab le  
to  judge w h e th e r  the  s t a n d a r d  is a ccep tab le  to  them. A n  exception  
should be m ade fo r  s ta n d a r d s  involving the  sa fe ty  of pe rsons  or 
p ro p e r ty ,  b u t  even th e n  en fo rcem en t by  law  should  be avo ided  
w h e re  possib le  because  of the  s low  p ro ced u re  of governm en t 
m achinery . S ta n d a r d s  have to be k e p t  in pace  w i th  technical 
deve lopm en t a n d  th e re fo re  rev is ion  is n ecessa ry  from time to time.
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H ow  electronic components are s tandard ized

U p  to  W o r l d  W a r  II  th e re  h ad  n o t  been  much ac t iv i ty  in 
the  s ta n d a rd iz a t io n  of e lectronic  com ponents. A s a  resu lt ,  simi­
l a r  com ponents  of d ifferen t m a n u fac tu re rs  w e re  n o t  e lectrica lly  
an d  m echanically  in te rchangeab le .  This c re a te d  enorm ous diffi­
culties fo r  the  A rm ed  Forces , w ho  th e re fo re  s t a r t e d  to  d r a w  
up u se rs ’ specifications.

A f te r  the  w a r ,  w h en  the  m anufac tu re  of m ili ta ry  electronic  
equ ipm ent w a s  sha rp ly  reduced  an d  w a s  rep laced  by  civil p r o ­
duction, an  a t t e m p t  w a s  m ade to  use the  service specifications 
fo r  indus tr ia l  purposes.

This w a s  no t  a complete success. In  the  first place, the  m ili ta ry  
qualit ies  laid do w n  in the  service specifications w e re  n o t  a lw a y s  
su itab le  fo r  indus tr ia l  use, and , in the  second place, w h a t  in­
d u s t ry  needed  w e re  in te rn a t io n a l  specifications. S t ra n g e  as i t  
m ay  seem, the  service s ta n d a r d s  existing a t  the end of W^orld 
W ^ar I I  w e re  s tr ic t ly  national.

F o r  th is  reaso n  in some countries  specifications w e re  d r a w n  
up covering indus tr ia l  and  e n te r ta in m e n t  components. In  the  
U n i te d  Kingdom, these  specifications a re  m ade by  the  R ad io  
In d u s t ry  Council (R .I .C .)  which is an o rgan isa t ion  of b o th  
e lectronic  equipm ent m a n u fac tu re rs  an d  com ponent m an u fac tu re rs .  
C onsequen tly ,  these  specifications a re  of a  r a t h e r  genera l  
c h a ra c te r .  In  the  U .S .A .,  com ponent specifications a re  m ade b y  
the  R adio , E lec tron ic  and  T V  M a n u f a c tu r e r s ’ A ssociation  (R .E .  
T .M .A .) .  The R E T M A  specifications a re  m a n u fa c tu re r s ’ specifi­
cations, which is possible because  the  com ponent m an u fac tu re rs  
a re  m em bers  of R E T M A .

Soon a f te r  these  ac tiv ities  w e re  s ta r te d ,  the  subject w a s  also 
ta k e n  up on a genera l  in te rn a t io n a l  basis, viz. by  the  I n t e r ­
na t io n a l  E lec tro techn ica l  Commission ( I .E C . ) .

The constitu tion  of I E C ,  w hich  la s t  y e a r  held its  50th ann i­
v e r s a ry  meeting, is as follows. The m em bers  of I E C  a re  
w h a t  a re  called  the  N a t io n a l  C om m ittees ,  i.e. the  na tiona l  
genera l  e lec tro techn ica l  s t a n d a r d  o rgan isa t ions  in the  m em ber  
countries, o r  special n a t io n a l  com m ittees fo rm ed  for  t h a t  p u r ­
pose. A t  the  m om ent th e re  a re  a b o u t  th ir ty -f ive  members.

A t  the  top  of I E C  is the  Council, consisting of p res iden t,  
v ice-presidents  (all p re s id en ts  of the N a t io n a l  Com m ittees), 
t r e a s u r e r  and  genera l  sec re ta ry .  The p re s id e n t  is e lected  every  
th re e  y e a rs .  A t  the  m om ent it is D r  P. D u n sh e a th  (U n i te d  
Kingdom).

Standardization of electronic components



234 H. W . Ghijsen

The n ex t  bod y  is the  C om m ittee  of Action, consisting of the  
p res iden t ,  9 vice-presidents , t r e a s u r e r  a n d  gene ra l  sec re ta ry .

They! fa ke the  final decisions on m ost techn ica l  questions* 
The techn ica l w o rk  p ro p e r  is done b y  the  Technica l  C om m it­
tees  and  th e ir  S ub-C om m ittees .  T h e re  a re  now  over  40 Technical 
C om m ittees ,  more th a n  10 of w hich  have  been  in s ta l led  since 
the  l a s t  w a r .  B ach  Technical C om m ittee  h as  a  cha irm an  a n d  
the  s e c re ta r ia t  is e n t ru s te d  to  a  N a t io n a l  C om m ittee ,  no rm ally  
n o t  the  one to  w hich the  cha irm an  belongs. The S e c re ta r i a t  
p r e p a re s  the  docum ents  to  be d iscussed in the  meetings, m akes  
the  m inutes etc. D is t r ib u t io n  of docum ents  an d  all o th e r  adm i­
n is t ra t iv e  functions a re  t a k e n  care  of by  the  G e n e ra l  S e c re ta r ia t ,  
the  C e n t r a l  Office, resid ing in G eneva .

B efo re  W o r l d  W a r  I I ,  m ost of the  T echnical C om m ittees  
e i th e r  d e a l t  w i th  gene ra l  techn ica l subjects, such as  nom encla­
tu re  a n d  symbols, o r  w i th  p o w e r  equipm ent, such as a l t e r n a ­
to rs ,  in su la to rs  a n d  sw itch  gear.  O n ly  one C om m ittee  w a s  a c ­
tive in the  te lecom m unication field, viz. T C  12 " R a d io  C om m u­
n ica t ions” w hich  discussed a t  t h a t  time s a fe ty  req u irem en ts  fo r  
b r o a d c a s t  receivers .  The S e c r e ta r ia t  w a s  — a n d  still  is — in 
the  h an d s  of the  N e th e r la n d s .

W h e  n the  need  w a s  fe lt  to  do m ore w o r k  in the  e lectron ic  
field, it  w a s  only logical to  ex tend  the  scope of T C  12. In  
1948 it  w a s  decided accord ingly  an d  fou r  Sub-com m ittees  of 
T C  12 w e re  in s ta l led  to  handle  the  new  subjects, viz.

1. m easu rem en t  m ethods  fo r  receivers,
2. safe ty ,
3. com ponents  an d
4. e lectron ic  tu b es  and  valves.

A t  a  l a t e r  d a te ,  Sub-com m ittees  fo r  h igh-frequency  cables, 
fo r  p iezoelectric  c ry s ta ls  and  fo r  t r a n s m i t te r s  w e re  a d d e d  to 
the  list, the  l a t t e r  only quite  recen tly .

o n the  o th e r  hand , the su b seq u en t  re -o rg an isa t io n  caused  a  
reduc tion  of the  num ber  of Sub-com m ittees of T C  12. Soon it  
a p p e a re d  t h a t  the  Sub-com m ittee  fo r  e lectronic  tu b es  a n d  valves 
could n o t  r e s t r i c t  i tse lf  to  rad io  communication, since tu b e s  
find genera l  app lica tion  in the  e lectronic  field. T h e re fo re  it  w a s  
decided  some y e a r s  ago to  co n v e r t  the  re la t iv e  Sub-com m ittee  
into an  in d e p e n d en t  Technica l  C om m ittee  (No. 39). The same 
p ro ced u re  w a s  fo l low ed  la s t  y e a r  w i th  re sp e c t  to  the  S u b ­
committee fo r  components, w hich is now  T C  40, ab so rb in g  the  
Sub-com m ittees  fo r  h igh-frequency  cab les  a n d  fo r  c ry s ta ls .



W hat is s tandard ized  in I.E .C . fo r  electronic components

W h e n  a  com ponent is b o u g h t  i t  is expected  to  give a  ce r ta in  p e r ­
fo rm ance fo r  a  ce r ta in  time. I t  is h o p ed  t h a t  the  pe rfo rm an ce  
will  be as good as possib le  a n d  the  life indefinite , b u t  if a t  
the  same time the  com ponent should  be o b ta in ab le  a t  r e a so n a b le  
cost, i t  is c lea r  t h a t  a  com prom ise has  to  be m ade som ew here .

N o w  the  concep t of pe rfo rm ance  h as  m an y  asp ec ts .  In  the  
f i r s t  p lace the  com ponent is expected  to  have  a  c e r ta in  p r o p e r ty  
of a  given value, le t  us s a y  a  re s is ta n ce  of 100 ohms w hich  will s ta y  
c o n s ta n t  over  a  sufficiently long period . Since no th ing  is abso lu te ,  
i t  m ust  be a c ce p te d  t h a t  the  re s is tance  is n o t  e x ac t ly  100 ohms 
b u t  lies b e tw e e n  tw o  to le rance  limits, a n d  t h a t  it  va r ies  som e­
w h a t  w i th  the  c ircum stances  and  w ith  time. The l a t t e r  m a y  
be called  ins tab il i ty .

In  the  second p lace  the  com ponen t will be su b je c ted  to  a  
ce r ta in  load, e i th e r  continuous o r  cyclic o r  in te rm i t te n t  e.g. 1 
w a t t  in the  case of the  above  re s is to r .  I t  is expec ted  t h a t  the  
in s ta b i l i ty  is still accep tab le .

In  the  th i rd  place the  com ponents  a re  sub jec ted  to  m echanical 
and  climatic s tre sses ,  by  m ounting them  into  an  a p p a ra tu s ,  
t r a n s p o r t in g  the  a p p a ra tu s ,  hea t ing  during  o p e ra t io n  of the  
a p p a r a tu s  a n d  moist a i r  du r ing  no-load  periods .  S till  i t  is ex­
p ec ted  t h a t  the  com ponen t will n o t  b r e a k  d o w n  an d  th a t  the  
in s tab i l i ty  will s ta y  w ith in  re a so n a b le  limits.

A ll these  fa c to rs  to g e th e r  govern  the  p e rfo rm an ce  of the  
com ponent, an d  its  life d u ra t io n  is obviously  the  time fo r  w hich 
the  in s tab i l i ty  during  use rem ains  w ith in  p re  - de te rm ined  
limits. The p rob lem  is to  look fo r  some m eans to  es t im ate  the  
in s ta b i l i ty  over  a  ce r ta in  pe r iod  of use.

The f i r s t  s tep  on th is  w a y  — ascer ta in ing  the  p ro p e r t ie s  of 
the  com ponen t — does no t  ra ise  undue difficulties. T h e re  a re  
scores of m easuring  bridges ,  d y n am o m ete rs ,  r e s i s to r  s t a n d a r d s  
etc. w hich  w ill  give e x ac t  in fo rm ation  a b o u t  the  com ponen t 
as  i t  has  been  received. The only th ing  to  be done is to  
specify  the  m easuring  m ethods in such a  w a y  t h a t  the  same 
re s u l t  is a lw a y s  a n d  e v e ry w h e re  o b ta in ed  w h en  the  same 
com ponen t is m easured . Such de ta i ls  include am b ien t  te m p e ­
r a tu re ,  load  during  m easurem ent,  in accu racy  of the  m ethod, 
position  of the  com ponent etc. w i th o u t  necessar i ly  p resc r ib ing  
the  in s t ru m e n t  to  be used. F o r  instance, the  re s is tan ce  of a  
c a rb o n  fixed r e s i s to r  m a y  be m e a su re d  b y  a  W h e a t s t o n e  bridge
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or  b y  m easuring  vo ltage  an d  c u rren t ,  as long as the  am bien t 
te m p e ra tu re  is b e tw e e n  15 and  25 °C, the  vo ltage  a t  the  re s is ­
to r  te rm ina ls  does n o t  exceed  say  25 V  an d  the  to ta l  inaccu­
ra c y  of the  m ethod  used  (including the  influence of connecting 
w ires )  does no t  exceed  0.5 °/0.

T he  n ex t  s tep  is to  verify  t h a t  the com ponents  w ill survive 
the  handling  previous to an d  during  mounting. O n e  w a y  wo uld 
be to  p u t  a  sam ple  of com ponents  into a  s e tm a k e rs  f a c to ry  
and  to see w h e th e r  the  re su lt ing  a p p a r a tu s  a re  all r ight,  b u t  
though  highly p ra c t ic a l  th is  w o u ld  n o t  be a  rep roduc ib le  t e s t  
m ethod. F o r  this pu rpose  the  com ponen t specifications con ta in  
a  n u m b er  of m echanical te s ts ,  checking the  s t re n g th  of t e r ­
minals, of m ounting accessories and , w h e re  n ecessa ry ,  the  su i t­
a b i l i ty  of being so ld e red  into  the  w iring. The bum ping and  
v ib ra t io n  te s ts  also  belong p a r t l y  to  this g roup  of te s ts .

A f te r  these  te s ts ,  the  com ponents  m ust  no t  have  been d am aged  
a n d  the  main p ro p e r t ie s  should  have  changed  to  a negligible 
e x te n t  only.

The th i rd  s tep  is to  ve r ify  w h e th e r  the  com ponen t is su itab le  
fo r  the  climatic conditions liable to  be m et during  no rm al use. 
A gain  one m e thod  w ou ld  be to  m ount the  com ponents  into an  
a p p a r a tu s  an d  to  a w a i t  com plain ts  over  a num ber  of y e a rs .  I t  
m ust  be s ta te d  th a t  in m any  cases this is the  only  w a y  to  ob ta in  
e x a c t  figures on the  b e h a v io u r  of com ponents  during  no rm al use, 
b o th  fo r  the  th i rd  and  the  fo u r th  s tep . H o w e v e r ,  experience  from 
b o th  m a n u fac tu re rs  an d  use rs  has  m ade it  possib le  to  devise te s ts  
of re aso n ab le  d u ra t io n  w hich  a l low  to  m ake re liab le  p red ic tions 
a b o u t  the  b eh av io u r  u n d e r  p ra c t ic a l  c ircum stances.

The climatic te s t s  comprise : d r y  hea t ,  d r y  cold, humid a tm o s ­
phere ,  change of te m p e ra tu re  and  low  a ir  p re ssu re ,  and  the 
special t e s t s : mould g ro w th ,  corrosive  a tm o sp h e re  and  dust.  
B ecause  these  sh o r t- la s t in g  te s ts  a re  to  be a  m easure  of w h a t  
the  com ponent is going to  do in its life, th e y  a re  more an  ex­
ag g e ra t io n  th a n  a  s im ulation of p ra c t ic a l  c ircum stances.

A n o th e r  th ing t h a t  is of im portance  here  is the  sequence of 
te s ts .  T here  w ou ld  be some logic in c a r ry in g  ou t  e v e ry  t e s t  on 
a  s e p a r a te  lo t  of com ponents  w hen  each t e s t  re p re se n ts  the 
w hole  life of the  com ponents  in a  ce r ta in  re sp ec t .  O n  the  o th e r  
hand , com ponents  a re  sub jec ted  to  all conditions of use simul­
taneously . F o r  t h a t  r e a so n  the  com ponen t specifications g en e ra l ly  
p re sc r ib e  the  following te s t  cycle to  be ca rr ie d  ou t on the  same 
com ponents, the  to ta l  cycle re p re se n t in g  n o rm a l  life:
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in itia l m easu rem en ts  (s tep  one) 
s t r e n g th  of te rm ina tions  
so ldering
change of te m p e ra tu re  
v ib ra t io n  an d  bumping 
d r y  h e a t
humid a tm o sp h e re  (first a cce le ra ted  cycle)
d r y  cold
low a ir  p re ssu re
humid a tm o sp h e re  ( fu r th e r  a c c e le ra te d  cycles)

A f te r  th is  cycle, the  change of the  p ro p e r t ie s  w i th  re sp e c t  
to  the  in itia l m easu rem en ts  should  be w ith in  ce r ta in  limits. In  
m any  cases e ssen tia l  in form ation  is o b ta in ed  by  m easurem en ts  
of the  insu la tion  res is tance . The to ta l  cycle ta k e s  a b o u t  14 days. 
A p a r t  from th is  a  “ long-term  hum idity  t e s t ” is c a r r ie d  ou t 
w hich  m ay  ta k e  up to  84 d ay s .

In  the  fo u r th  a n d  la s t  s tep  i t  is t r ie d  to  ob ta in  in fo rm ation  
a b o u t  the  res is tance  to  e lec tr ica l a n d  mechanical loads. In some 
cases this can be fa ir ly  exac tly  e s tab lished .  F o r  instance, 
w h e n  it  is k n o w n  t h a t  a  sw itch  is o p e ra te d  tw ice  a  d a y  on the  
ave rage ,  then  i t  is c e r ta in  t h a t  10 y e a r s  life d u ra t io n  is 
r e p re se n te d  by  7500 sw itching  opera t ions .  H o w e v e r ,  in m ost 
cases the  solution does no t p re se n t  itself so clearly .

O f te n  the  life te s t  is b a se d  upon r a t e d  load  u n d e r  ex trem e 
conditions of use (e.g. maximum am bien t  te m p e ra tu re ) .  I t  is 
obvious t h a t  such te s ts  m ust be c a r r ie d  ou t fo r  a  long time to 
y ie ld  a c cu ra te  resu lts ,  b u t  fo r  some groups of com ponents  it  is 
k n o w n  from experience t h a t  the  change of th e i r  p ro p e r t ie s  a p ­
p ro a ch e s  a  limit in say  the  f i r s t  1000 hours, a n d  th a t  failure 
on the  av e ra g e  occurs a f te r  a m ultip le  of t h a t  period . A te s t  
of 1000 hours  then  show s w h e th e r  the  in s tab i l i ty  is a c c e p t­
ab le  and, if the  num ber  of fa i lu res  during  the  t e s t  is ve ry  
small, t h a t  the  a v e rag e  life is sufficient.

E spec ia l ly  in the  case of cap ac i to rs  it  is t r ie d  to acce le ra te  the 
life te s t  by  increasing  the load, c.q. the  vo ltage . I t  m ust be s ta ted ,  
how ever ,  t h a t  except fo r  D .C .  p a p e r  capac ito rs ,  ve ry  lit t le  is 
k n o w n  a b o u t  the  co rre la t ion  b e tw e e n  norm al life a n d  te s t  life.

The prob lem  of life d u ra t io n  is ex trem e ly  complex a n d  of u t ­
m ost im portance  since it  is closely r e la te d  to  re liab ility . W h a t  
is k n o w n  a b o u t  i t  a t  p re s e n t  is no t  y e t  sufficient fo r  s ta n d a rd iz a ­
tion and  th e re fo re  this m a t te r  is no t  any  f u r th e r  d iscussed



here. In  I E C  specifications a b o u t  com ponents  v e ry  lit t le  d irec t  
re fe rence  to  i t  can be found.

W hat I.E .C . has published  fo r  components

A lthough  n o t  explicitly m entioned  in the  foregoing section it  
is e a sy  to  u n d e rs ta n d  t h a t  the  w o r k  is c a r r ie d  ou t  a long the  
line: definitions — te s t  m e t h o d s —sim plif ica t ion .  F o r  e lectronic  
components, definitions, m easuring  m ethods  a n d  te s t  m ethods  
go to g e th e r  fa ir ly  well, b u t  i t  is a  r a t h e r  la rge  s tep  to  simpli­
fication. T ak ing  into  accoun t  the  difficulty of ob ta in ing  in te r ­
n a t io n a l  ag ree m e n t  an d  the  re la t iv e ly  sh o r t  time the  C om m ittee  
h as  been  active, i t  w ill  be u n d e rs to o d  t h a t  only one specification 
covering p a r t  of this field has  been  published. In  in te rn a t io n a l  
s tan d a rd iza t io n ,  time is m easu red  in un its  of five y e a rs .

A p a r t  from this, i t  w a s  possible  to  re ac h  a g ree m e n t  on some 
special subjects  w hich w e re  la id  d o w n  in the  following I .E .C .  
P ub lica t ions  :

N o . 62 : C o lo u r  code fo r  fixed re s is to rs
N o .  63: Series  of p re fe r r e d  va lues  a n d  th e ir  a ssoc ia ted  

to le ran ces  fo r  re s is to rs  an d  capac ito rs .
The first pub lica t ion  is a compromise b e tw e e n  the  m ost 

im p o r ta n t  co lour codes fo r  re s is to r s  t h a t  a l r e a d y  existed . I t  is 
expec ted  t h a t  it  w ill  be in genera l  use in the  n e a r  fu tu re .

The seco nd one gives th re e  geom etrica l  series, b a se d  upon 
the  same principles as  the  series of p re fe r r e d  values  o r  R e n a r d  
series (R-series).  The E -series  h o w e v e r  have  6, 12 o r  24 te rm s  
p e r  decade  in s te a d  of 5, 10 o r  20. Though  genera l ly  re g re t te d ,  
i t  p ro v ed  to  be n e c essa ry  to  s ta n d a rd iz e  these  excep tional 
series fo r  e lectronic  com ponents  because  th e y  co rresp o n d  ve ry  
closely to  the  values  used  in p rac t ice .  The re a so n  fo r  th is  is 
the  fa c t  t h a t  the  te rm  ra t io  of the  E 24-series  is 1.10, so t h a t  
in the  case of a  5 °/0 to le rance  th e re  a re  no gaps b e tw e e n  the  
to le rance  ra n g e s  of tw o  su b seq u en t  r a t e d  values. This f e a tu re  
m ay  sometimes be of im portance  in m ass p roduc tion .

The m ost im p o r ta n t  publica tion , w hich  h as  been  m entioned  a t  
the  beginning of this section, is N o . 68: B asic  C lim atic  a n d  M e ­
chanical ro b u s tn e ss  T es t ing  p ro ced u re  fo r  com ponents  ( B C M T ) .  
W h e n  w o rk  w a s  s t a r t e d  on com ponent specifications i t  w a s  found  
t h a t  the  e lec tr ica l  m easuring  an d  t e s t  m ethods  h a d  to  differ 
from  one group  of com ponents  to  the  o ther ,  b u t  t h a t  th is  is 
n o t  the  case fo r  the  climatic a n d  m ost  of the  m echanical te s ts ,  
because  the  com ponents  a re  used  side b y  side in the  same

238 H. W . Ghijsen
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equipm ent and  consequen tly  a re  sub jec ted  to  the  same condi­
tions of use. ^Therefore, a ll  the  te s t s  ind ica ted  u n d e r  “ step  
th r e e ” of the  foregoing section and  p a r t  of the  te s ts  of “ step  
t w o ” could be la id  d o w n  in a  genera l  specification.

This, how ever,  does n o t  m ean  t h a t  a ll  com ponents  a re  su b ­
jec ted  to  exac t ly  the  same te s ts .  T h a t  w ou ld  n o t  be logical, 
since th e re  a re  in te rn a l ly  h o t  a p p a r a tu s  a n d  re la t iv e ly  cool 
a p p a ra tu s ,  a rc t ic  c limates an d  t ro p ica l  climates, equ ipm ent fo r  
e n te r ta in m e n t  an d  equ ipm en t fo r  s t r ic t ly  p ro fess iona l  purposes ,  
etc. F o r  t h a t  reason , each  t e s t  of the  B C M T  is specified in 
tw o  o r  more g rad es  of severity ,  the  m ost severe  g rade  being num ­
b e re d  4 and  the  less severe  g rad es  5, 6 etc.

The com ponen t specifications indicate  to  w h a t  g rad e  of sever i ty  
a  ce r ta in  ty p e  of com ponent shall be subjec ted .

I t  w o u ld  be possib le  to  p u t  all these  figures ind ica ting  the  t e s t  
severit ies  in a  row , s ta r t in g  w ith  the  first t e s t  an d  ending w ith  the 
las t ,  a lw a y s  in the  same o rder .  T hen  a  n um ber  of some ten  digits 
is o b ta in ed  telling h o w  the  com ponent has  been  te s te d  and  
also  w h a t  climatic a n d  m echanical conditions it  is supposed  to  
w i th s ta n d  in use. Such num bers  a re  n o t  v e ry  p ra c t ic a l  a n d  
th e y  give rise to  some 10000 possible types  o r  ,,g roups ’, as
I .E .C .  calls them.

W h e n  the  first com ponent specification w a s  d r a f te d  — w hich 
covered  p a p e r  cap ac i to rs  fo r  D .C .  — an  a t t e m p t  w a s  m ade to 
solve the  p rob lem  by  m aking  a  lim ited  choice of fou r  groups. 
A p a r t  from the  fa c t  t h a t  this over-simplified the  m a t te r ,  i t  w a s  
found  w h en  tack ling  the  n ex t  specification t h a t  the  limited 
choice th e re  d id  n o t  a t  a ll  c o rresp o n d  to  the  first one. So in 
fact,  w hen  th inking  of all com ponents  th e re  w e re  still  10000 p o s ­
sible g roups which did n o t  m atch  the  idea  of s i d e - b y - s id e  
opera t ion  in the  same equipm ent.

I t  w a s  th en  p ro p o sed  to  a p p ro a c h  the  m a t t e r  from the  equ ip ­
m en t side an d  the  fo l low ing  v e ry  simple equ ipm ent classification 
w a s  g iv e n :

1. E q u ip m en t  fo r  h igh -a l t i tude  a i r c r a f t
E q u ip m en t  fo r  n o rm a l-a l t i tu d e  a i r c r a f t  a n d  h e a v y -d u ty  
g round  use
E qu ipm en t fo r  in d u s tr ia l  use 
D om estic  equ ipm ent (en te r ta in m en t)

2. E q u ip m en t  fo r  t ro p ica l  c limates 
E q u ip m e n t  fo r  te m p e ra te  climates 
S ea led  equipm ent
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3. M axim um  in te rn a l  te m p e ra tu re  of the  equ ipm ent 55, 70, 85 
o r  100° C

This made it  possible  to  reduce  the  above  num ber  to a  th ree-  
digit num ber, leaving some 50 possible  groups, some of which 
can be d e le ted  because  th e y  a re  unrealis tic .

The th ree -d ig i t  n u m b er  is com posed as follows. The f irs t  d igit 
co rresp o n d s  to  the  sev e r i ty  of the  d ry -co ld  t e s t  a n d  a t  the 
same time defines the  severit ies  of the  following a sso c ia ted  
te s ts  : bumping, v ib ra t ion ,  r a p id  change of te m p e ra tu re  and  low  
a ir  p re ssu re .  A ll this c o r re sp o n d s  to  item 1 of the  above  
classification.

The second digit co rresp o n d s  to  the  s e v e r i ty  of the  d r y  h e a t  
t e s t  and  thus  covers  item 3 of the  classification. T h e re  a re  no 
a sso c ia ted  tes ts .

The th i rd  digit ind ica tes  the  g ra d e  of sev e r i ty  of the  hum idity  
t e s t  an d  is a s so c ia te d  w i th  the  mould g ro w th  an d  s a l t  m ist 
tes t .  I t  co rresponds  to  item 2 of the  classification. A ccord ing  
to  I .E .C .  P ub lica t ion  68, sev e r i ty  g rad e  4 of the  hum idity  t e s t  
is a  t e s t  w i th  a  d u ra t io n  of 84 d ay s  w hich  is especia lly  su i t­
ab le  fo r  he rm etica l ly  sea led  com ponents . S e v e r i ty  g rade  5 
has  a  d u ra t io n  of 28 d a y s ; such com ponents  a re  su i tab le  fo r  
m ost  t ro p ic a l  app lica t ions .

C om ponen ts  fo r  use in e n te r ta in m e n t  app liances  in te m p e ra te  
c lim ates need only m eet the  te s ts  of sev e r i ty  g rad e  6, la s t ing  
7 days.

Th ere is still  a fo u r th  type  of com ponent,  i.e. fo r  use in 
sea led  equipm ent. A ccord ing  to  I .E .C .  these  a re  t e s t e d  as 
com ponents  fo r  dom estic  use, b u t  such com ponents  need  n o t  
have an y  m ois tu re  p ro te c t io n  on the  condition  th a t ,  a f t e r  d ry ing , 
th e i r  p ro p e r t ie s  a re  closely equa l  to  the  orig inal p ro p e r t ie s .  I t  
is th e re fo re  possib le  t h a t  a  f u r th e r  seve r i ty  g rade  w ill  be 
a d d e d  in the  n e a r  fu tu re .

I t  has  a l r e a d y  been  po in ted  ou t t h a t  the  h ighes t  sev e r i ty  
g rad e  of eve ry  t e s t  is ind ica ted  by  4, the  n e x t  lo w e r  one by  
5 etc. Thus the  h ighes t  s tu rd in ess  g roup  is d e s ig n a ted  by  444, 
ind ica ting  a  com ponent su i tab le  fo r  te m p e ra tu re s  from —55° C  
to +100° C  an d  u n d e r  conditions of the  g r e a te s t  humidity .

A complete  su rvey  of the  group  n u m b er  system  is given in 
the  ta b le  be low . The a d v a n ta g e  of this system  is t h a t  i t  can  
be u n d e rs to o d  b y  com ponent users  w i th o u t  a  d e ta i led  k n o w ­
ledge of com ponent testing . B ro a d ly  speak ing  the  f i rs t  tw o  
digits define the  ex trem e te m p e ra tu re s  b e tw e e n  w hich  the
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com ponent m ay be o p e ra te d ,  tak ing  into accoun t the  a p p r o ­
p r ia te  de ra t ing .  A p a r t  from this, the  f i rs t  digit ind ica tes  the  
in tended  use ( f irs t  p a r t  of the  classification). The th ird  digit 
defines the  hum idity  pro tec tion .

I t  rem ains  to be seen w h e th e r  the  system  is sufficiently  
flexible to  be su itab le  fo r  the  m a jo r i ty  of components, especia l­
ly w ith  r e g a rd  to  the  associa tion  of the  m echanical te s ts  to 
the  minimum te m p e ra tu re  ra t ing .  I t  is fa ir ly  ce r ta in  a l r e a d y  
t h a t  the  group  num ber  system  can be used  fo r  n e a r ly  a ll  non ­
v a r iab le  com ponents  and  it  is expected  t h a t  the  group  num ber  
system  will p lay  an  im p o r ta n t  p a r t  in the  com ponent t r a d e ,  
because  i t  is r e la te d  to  b o th  com ponent te s t ing  and  the  ex trem e 
conditions of use the  com ponent is expec ted  to  s ta n d  up to .  
I t  should of course a lw a y s  be rem em b ered  t h a t  i t  can  be a  
g re a t  help to  the  equ ipm ent designer, b u t  n ev e r  a  su bs t i tu te  
fo r  experience.

f i r s t  d igit second
digit

th i rd  digit

tes t d ry
cold

b u m p ­
ing

vibr.

rap id
temp.
c h a n ­

ge

lo w
air

press .

d r y
h e a t

hu-
mid-
i ty

accel.
h u ­

m idity

mould
growth

salt
mist

4 -55 °C X X X
85

m b a r 1 0 0 °C
84

d a y s
6

d a y s X X

5 -40 °C X X X
300

m b a r 85 °C
28

d a y s
2

d a y s
- -

6 -25 °C X X - - 70 °C
7

d a y s
- - -

7 -10 °C X - - - 55 °C

F ina lly  a  sum m ary  of the  sub jec ts  w hich  a re  now  u n d e r  
cons idera t ion  is given.

The specification fo r  D .C .  cap ac i to rs  has  been  accep ted  fo r  
publication .

The following specifications have  been  c ircu la ted  u n d e r  the  
six-months' rule, m eaning t h a t  th e y  a re  in a  final s t a g e :

C eram ic  dielectric  cap ac i to rs  (D .C .  types)  fo r  te m p e ra tu re  
com pensation  an d  genera l  tuning purposes  (so-called type  I) 
E lec t ro ly t ic  cap ac i to rs

The fo llow ing subjec ts  a re  in the  discussion s tage  o r  will  
sh o r t ly  be su b m it ted  fo r  discussion:
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Fixed carbon resistors  
M ica dielectric capacitors
S h aft dimensions and fixing dim ensions o f variable resistors  
etc.
Q uartz oscillator crysta ls  
H .F . C ab les
Plugs and sockets (both audio and radio frequency types)  
R adio interference suppression capacitors
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C h a r a c t e r iz a t io n  o f  th e  n o is e  o f  tu b e s  a n d  t r a n s is t o r s
b y  fo u r  m e a s u r a b le  q u a n t it ie s

by H. Groendijk and K. S. Knol *)

Lecture delivered before the Nederlands Radiogenootschap on November 5th, 1954

S U M M A R Y

T h e  noise o f  a  n eu t ra l ized  tr iode  is first ca lcu la ted  b y  inves t iga t ing  the 
m echan ism  o f  noise p ro d u c t io n  a n d  then  b y  r e g a rd in g  the tr iode as  a 
lin ea r  fo u r - te rm in a l  n e tw o rk .  I t  a p p e a rs ,  f rom  the first  m ethod ,  t h a t  the 
p h y s ica l  quan t i t ie s  co n n ec ted  w i th  the g enera t ion  of noise m a y  not read i ly  
be d e te rm ined .  1 he second  m e th o d  show’s, h o w e v e r ,  th a t  it is still p o s ­
sible to c h a ra c te r iz e  the noise by  four  m e a su ra b le  q uan t i t ie s  and ,  if  once 
these  a re  k n o w n ,  to ca lcu la te  the noise fac to r .  4 his holds for  a n y  l inear  
fou r- te rm ina l  n e tw o rk ,  tr iodes, pen todes ,  t r an s is to rs ,  etc. In  general ,  no 
s imple re la t ionsh ip  exists b e tw e e n  these  quan t i t ie s  a n d  the phys ica l  p r o p ­
erties giving rise to noise. In  the  case  o f  a tr iode  the  fou r  noise q u a n t i ­
ties dep en d  on f re q u e n c y  in a  simple w a y .

1. Resistance noise.

Though the  te rm  noise is originally  de r ived  from acoustics  it 
is now  genera l ly  used  fo r  random  fluctuations of c u r re n t  o r  vo l­
tag e  as occurring in res is tances ,  tubes ,  t r a n s is to r s ,  etc. L e t  us

first consider a  re s is tance  
R  (fig. la ) .  I f  w e  do no t 
connect a  vo ltage  source 
in series o r  in p a ra l le l  w ith  
th is  res is tance , a  voltage 
still  a p p e a rs  to  exist b e ­
tw e e n  the  te rm ina ls .  This 
vo ltage  is continuously  fluc­
tu a t in g  in am plitude  and  
po la r i ty .  F o r  a  finite time

*) Phil ips  R e sea rch  L a b o ra to r ie s ,  N . V .  P h i l ip s ’ G lo e i lam p en fab r iek en ,  
E in d h  o v e n -N  e th e r lan d s .

a b c
F ig .l .

A res is tan ce  R  a n d  its eq u iv a len t  
noise c ircuits .
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in te rv a l  th is  noise vo ltage  m ay  be exp ressed  in te rm s  of a  
F o u r i e r  in te g ra l  [1], W e  nex t  consider  only the  con tribu tion  
to  th is  in teg ra l  of those  frequencies  w hich  lie b e tw e e n  the  f re ­
quencies ƒ  a n d  f + A f .  T he  physica l in te rp re ta t io n  of this p r o ­
cedure  is, t h a t  w e p u t  b e tw e e n  the  noise source an d  the  m easuring  
device a  filter having  t h a t  p a s sb a n d  w i th  a  r e c ta n g u la r  c h a ra c ­
teris tic .

U p  to ve ry  high frequencies  the  noise ene rgy  p re se n t  in the  
frequency  in te rv a l  A f  a p p e a rs  to  be p ro p o r t io n a l  to  A f  a n d  
in d ep en d en t  of the  frequency  f  itself. The noise e n e rg y  p r o ­
duced  by  the  res is tance  R  m ay  be ca lcu la ted  by  reg a rd in g  it  as  
a  vo ltage  source (fig. l b )  w i th  an  in te rn a l  re s is tance  R  a n d  a  
noise e.m.f. e the  m ean  sq u a re  value  of w hich  is

~? = 4 k T R  A ƒ  (1)

F rom  T h e v e n i n ' s  th eo rem  it  fo llow s t h a t  th is  vo ltage  source 
is equ iva len t  to  a  noise c u r re n t  source (fig. lc )  hav ing  a n  in ­
te rn a l  conduc tance  g  = l / R  an d  a  short-c ircu it  c u r re n t  i  w ith  
a  m ean  square  value of

7 =  4 k T g  A ƒ  (2)

2. Tube noise.

W e  shall  now  d e a l  w i th  the  noise of tubes .  L e t  us first 
consider  the  physica l  a sp ec t  a n d  discuss the  causes  of noise in­
side the  tube . This is the  w a y  one b eg an  to  s tu d y  tube  noise 
w h en  fo r  the  f irs t  time it  becam e im p o r tan t .  In  section 5 w e  
shall consider th is  p rob lem  from  a  m ore fo rm al po in t  of view 
by  s ta r t in g  w i th  the  noise of l in ea r  fou r- te rm in a l  n e tw o rk s .  F o r  
signal a n d  noise vo ltages  an d  cu r ren ts  in a  r a t h e r  n a r r o w  f r e ­
quency b a n d  a n d  w ith  small am plitudes, amplifying tubes  a re  
indeed  l inear  fou r- te rm ina l  n e tw o rk s  a n d  it  w ill  be show n  th a t  
w i th  th is  t r e a tm e n t  of tube  noise c e r ta in  difficulties ap p ea r in g  
in the  physica l t r e a tm e n t  do n o t  occur.

3. P h ysica l yioise sources.

To simplify our  t r e a tm e n t  of the  physica l noise sources in an  
amplifier tube  w e confine ourse lves  to  a  n eu tra l ized  tr iode  in 
a  g roun d ed -ca th o d e  circuit. By „ n e u t ra l iz e d ” is m ean t  t h a t  the  
capac itance  b e tw e e n  grid  an d  anode  is tuned . A s w e  a re  only 
in te re s te d  in a l te rn a t in g  c u r re n ts  an d  vo ltages  w e omit the  d irec t
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c u r re n t  and  vo ltage  sources. F u r th e r  i t  is easily  p ro v ed  by  th e o ry  
t h a t  the  anode  lo ad  does n o t  affect the  noise pe rfo rm ance  of 
a  tube . F o r  t h a t  r e a so n  the  o u tp u t  has  been  short-c ircu ited  
(fig. 2a). A cross  the  inpu t of the  tube  a  signal source (e.g. an  
a n te n n a )  a n d  a  tu n ab le  circuit a re  connected  having a  to ta l  
ad m it tan ce  Y.

3.1. Low-frequency noise.

W e  consider  first the  noise b e h a v io u r  of the  tube  a t  low  
frequencies. I f  w e  p u t  such d irec t  vo ltages  b e tw e e n  the  e lec­
t ro d e s  t h a t  a  d irec t  c u r re n t  is flowing in the  o u tp u t  lead, su p e r ­
im posed  upon  this d i re c t  c u r re n t  a  fluctuating c u r re n t  i z is a lso 
p re se n t  (fig. 2b). This noise c u r re n t  i z is caused  by  the  e lec trons  
being th e rm a l ly  em itted  from the  ca thode .  I t  is ca lled  the  sho t  
noise cu rren t .  A t  low  frequencies  the  tu b e  noise can be a sc r ibed  
to  th is  effect only. The tr iode  noise m ay  th e re fo re  be d e ­
scribed  by  giving the  m ean  squa re  value of t 1. H o w e v e r ,  it  
is common p rac t ice  to  describe  i t  in a n o th e r  w ay .  ix can be 
th o u g h t  of as  being g e n e ra te d  by  a  noise vo ltage  i f S  in the  in­
p u t  lead , if vS is the  m u tu a l  conductance . This vo ltage  source 
m ay  be c h a ra c te r iz ed  b y  the  value of the  re s is tan ce  giving the  
same noise e.m.f. This re s is tance  is ca lled  the  equ iva len t  noise 
re s is tance  R eq. I f  w e  consider  again  only the  con tr ibu tion  to  the  
noise of the  frequencies  b e tw e e n  ƒ  a n d  ƒ  +  A ƒ, w e have , a c c o rd ­
ing to  (1),

Yj/S2 = 4 k T R eq A  ƒ  (3)

3.2. Triode a t higher frequencies.

T he  noise b eh a v io u r  of a  tu b e  a t  low  frequencies  is thus  
r a t h e r  simple, i t  being d esc r ibed  by  one quan ti ty ,  the  equ iva len t  
noise res is tance . A t  h igher frequencies, how ever ,  the  phenom ena
become m ore in tr ica te .  T hen  w e have  to  ta k e  into  accoun t t h a t

%

the  t r a n s i t  time of the  e lec trons  in the  tu b e  is no longer  negli­
gible as co m p ared  w i th  one pe r iod  of the  f requency  considered .

3.21. T ra n sit tim e conductance.

T o  investiga te  the  effect of the  e lec tron  t r a n s i t  time w e  first 
p u t  b e tw e e n  grid  a n d  ca th o d e  a n  a l te rn a t in g  vo ltage  w h ich  is
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so la rge  t h a t  the  noise c u r re n ts  do n o t  p lay  an  ap p rec ia b le  
p a r t .  A n  a l te rn a t in g  e lec tron  c u r re n t  will then  s t a r t  from the  
ca thode ,  an d  will induce a c u r re n t  in the  inpu t  lead  flowing 
from ca thode  to  grid. A f te r  the  e lec trons  have passed  the  grid! a  
c u r re n t  from grid  to  anode  is induced (fig. 3). A t  low  f re q u e n ­

cies b o th  c u r re n ts  in the  
inpu t  lead  cancel. A t  high 
frequencies, how ever ,  w e  
have  to  t a k e  into  accoun t 
t h a t  these  c u r re n ts  no longer 
have  exac tly  opposite  p h a ­
ses. A  c u r re n t  is th e re fo re  
p roduced  in the  g r id -c a th ­
ode circuit an d  it  m ay  be 
show n t h a t  the  d irec tion  
of th is  c u r re n t  is such, t h a t  
the  signal source h as  to  
supply energy. In  o th e r  
w o rd s ,  a t  these  frequencies  

th e re  is an e x t r a  conductance  over  the  inpu t  of the  tube , the  
so-called t r a n s i t  time conductance  gx. W^e in se r t  th is  c o n d u c t­
ance in our  eq u iv a len t  circuit (fig. 2c). The effect of the  in ­
duced  grid  c u r re n ts  on the  noise is accoun ted  fo r  s e p a ra te ly  in 
3.23 fo r  the  reaso n s  d iscussed the re .  W e  th e re fo re  have  to  con­
n ec t  g% in such a  w a y  in the  eq u iv a len t  c ircu it  t h a t  i t  a c ts  
only on the  signal an d  n o t  on the  noise, i.e. i t  h as  to  be p laced  
befo re  the  fictitious noise vo ltage  source tj/S .

In d u c e d  c u r re n ts  f lowing in a  tr iode  w h e n  
an  e lec tron  is going from ca th o d e  to

anode.

3.22. Feedback conductance.

T h e re  is y e t  a n o th e r  conductance  ap p ea r in g  a t  high f re q u e n ­
cies. I t  is caused  b y  the  self-inductance of the  ca thode  lead. 
The o u tp u t  c u r re n t  flows th ro u g h  this lead , a n d  as the  l a t t e r  
is common to  o u tp u t  an d  inpu t  circuits an  a d d i t io n a l  vo ltage  is 
c re a te d  in the  inpu t  circuit. This fe ed b a c k  can be re p re s e n te d  
b y  a  re a l  ad m it tan ce  g z-. This holds fo r  the  signal as w ell  as 
fo r  the  noise. F o r  t h a t  reaso n  g i  h as  to  be p laced  in the  equi­
v a le n t  circuit  beh ind  the  noise source (fig. 2c).

3.23. H igh  frequency noise.

Like the  signal c u r re n ts  the  sho t  noise c u r re n t  flowing b e ­
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tw e e n  ca thode  an d  anode  successively  gives c u r re n ts  in the  
o u te r  leads  from ca thode  to grid  a n d  from  grid  to  anode. I f  
w e  call these  c u r re n ts  \iQ an d  i1 re spec tive ly ,  the  c u r re n t  flowing 
into the  grid  is a  noise c u r re n t  ig — ix — i0 . The w a y  in which 
this  noise c u r re n t  is p roduced ,  h o w ev e r ,  differs from  th a t  in 
w hich the  induced signal cu rren t ,  t r e a t e d  in 3.21, is genera ted .  
In  the  l a t t e r  case  an  a l te rn a t in g  vo ltage  is p u t  b e tw e e n  grid  
a n d  ca thode , influencing the  e lec trons  w h en  th e y  p ass  from 
ca thode  to  anode. B u t the  noise vo ltage  source t J S  is n o t  
a c tu a l ly  p re s e n t ;  i t  is on ly  a  fictitious source used  to  r e p r e ­
sen t  the  sho t  noise c u r re n t  in the  o u tp u t  lead. T here fo re ,  the  
induced  noise c u r re n t  ig c an n o t  be re p re se n te d  in the  same w a y  
as the  induced signal c u r re n t  b y  m eans of the  t r a n s i t  time conduc­
tance , so w e have  to  in troduce  a  s e p a r a te  noise c u r re n t  source
ig (fig- 2d).

3.3. A e r ia l noise.

To com plete  ou r  eq u iv a len t  c ircu it  we m ust still  in troduce  
the  noise p ro d u ced  b y  the  r e a l  p a r t  of Y. Y  is the  sum of the  
a d m it ta n c e s  of s ignal source a n d  in p u t  c ircu it  (a  coil an d  a  
capac i to r) .  To sim plify  the  fo rm ulae  w e  neg lec t  the  conductance  
of the  inpu t  circuit, as  it is small co m p ared  w ith  t h a t  of the  
signal source. In  m ost cases this is a l low ed . W e  w r i te  Y  = g  +  j b t 
w h e re  g  is ca lled  the  source conductance  an d  b the  circuit 
suscep tance . F o r  the  f irs t  tu b e  of a  receiver,  g  is the  t r a n s ­
fo rm ed  a n te n n a  conductance . O u r  considera t ions ,  h ow ever ,  hold  
fo r  the  second an d  following tu b es  as well.

The source conductance  g  p roduces  re s is tan ce  noise w hich  
m a y  be re p re se n te d  b y  a  noise c u r r e n t  source is (fig. 2e). A c ­

cording  to  fo rm ula  (2) w e have  i] =  4 k T g  A f .

4. The noise fa c to r.

In  the  equ iva len t  c ircu it  of fig. 2e the  noise p ro p e r t ie s  of the 
tu b e  a re  r e p re s e n te d  b y  tw o  noise sources in the  ca thode-g r id  
circuit. The tu b e  itse lf  should  then  be a ssum ed  to be noiseless. 
H o w e v e r ,  w e a re  gen e ra l ly  n o t  in te re s te d  in the  noise itself, 
b u t  in the  ra t io  of noise p o w e r  P n and  signal p o w e r  P s . A 
tube  increases  th is  value since the  P n and  the  P s t h a t  a re  a v a i l ­
ab le  a t  the  in p u t  a re  amplified b y  the  same fa c to r  a n d  the  
tube  p roduces  excess noise. So if w e  com pare  the  ra t io  of the



oise of tubes and transistors 249

noise p o w e r  P n an d  the  signal p o w e r  P s t h a t  a re  ava i lab le  a t  
the  o u tp u t  w i th  the  same ra t io  a t  the  input, the  first one is 
la rges t .  The q u o tien t  of these  tw o  noise-to-signal ra t io s  is 
ca lled  the  noise f a c to r  ^ [ 2 ] .  W^e have

P no
P so

P  ni

Psi

P no
G

P  ■• 1 m

w h ere  G = Pso • Psi is the  p o w e r  gain. P ni is p ro p o r t io n a l  to  the  
mean squa re  of the  noise c u r re n t  a r is ing  from the  signal s o u rc e :

PnojG , the  o u tp u t  noise p o w e r  d iv ided  b y  the  p o w e r  amplifi­
ca tion  fac to r ,  is the  noise p o w e r  w e should have to a p p ly  a t  
the  inpu t  of a  noiseless tube  in o rd e r  to  get the  noise p o w e r  
P no a t  the ou tpu t .  So P no\G  is p ro p o r t io n a l  to  the  m ean squa re  
of the  noise c u r re n t  p roduced  by  all equ iva len t  noise sources

i
a t  the  inpu t  toge the r .  This noise c u r re n t  is is H- ig H----Y g z),

i
since the  voltage source ~  in series w ith  the  ad m ittan ce  Y  -I- gx 

is equ iva len t  to  a c u r re n t  source — ( Y  + g t)  in p a ra l le l  w ith
»S

Y  + gx . W e  have  thus

B y  subs t i tu t in g  (5) and  (6) in (4) w e ob ta in  the  fo rm ula  for  
the  noise f a c to r

+  f r  +   ̂ + < ^7)}
•2

ts

W e  could now  ev a lu a te  F  if w e  k n e w :

(1) The sho t  noise zl/S* o r  R rg,

(2) The induced grid  noise ig ,
(3) The t r a n s i t  time conductance  gx  and
(4) The co rre la t io n  b e tw e e n  i x and  ig .

B u t  if w e  look fo r  the  tu b e  d a t a  in a  h an d b o o k  we only  
find R eq if even th a t .  The usua l  w a y  to  p roceed  is, then , to  
ca lcu la te  gx from the  dimensions of the  tube . F rom  the  value
of gx thus  found, Yg m ay  be ca lcu la ted  using a  th e o re t ic a l  for-
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m ula d e r iv ed  b y  B a k k e r  [3]. The c o r re la t io n  is n o t  t a k e n  
into accoun t  a t  all. The fo rm ulae  used  a re  b a s e d  upon  simpli­
fying assum ptions ,  a.o. idea l  t r iode . The t r a n s i t  time conduc t­
ance can n e i th e r  be m easu red  a c c u ra te ly  as  w e a re  only ab le  
to  m easu re  the  to ta l  inpu t  conductance  gx +  g i .

W h e n  using tu b es  in c ircuits  w e  a re  n o t  in the  first p lace  
in te re s te d  in the  p h y s ica l  causes of the  noise in these  tubes ,  
b u t  w e  should  like to  have  a t  ou r  d isposa l  such d a t a  t h a t  we 
could ca lcu la te  the  noise f a c to r  of a  tube  fo r  an y  inpu t  circuit. 
This re su l t  has  n o t  been  o b ta in e d  w i th  the  above  c o n s id e ra ­
tions. T hough  w e  have de r ived  a  fo rm ula  fo r  the  noise f a c to r  
w e can n o t  ev a lu a te  i t  since w e do n o t  know  sev e ra l  q u an ti t ie s  
occurring  in th is  fo rm ula  and , above  all, w e  do n o t  k n o w  fo r  
c e r ta in  t h a t  o th e r  effects n o t  t a k e n  in to  accoun t in the  theo ry ,  
m ay  be neglected . A n  inves t iga t ion  of the  physics  of noise p r o ­
duction  is, of course, ve ry  im p o r ta n t  if w e  w a n t  to  m ake low- 
noise tubes .  B u t  w e do n o t  concern  ourse lves  w i th  th is  p rob lem  
here.

5. Noise o j  fo u r-term in a l networks.

W e  th e re fo re  shall  s t a r t  w i th  a n o th e r  m ethod . F o r  small 
signal a n d  noise am pli tudes  an d  in a  n a r r o w  frequency  b a n d

Fig. 4.
A l in ea r  fo u r - te rm in a l  n e t w o r k  con ta in in g  vo ltage  a n d  c u r ­
r e n t  sources (a) is eq u iv a len t  to a  n e tw o r k  w i th o u t  in te rn a l  
sources  {/?), b u t  w i th  a  vo ltage  source  E  a n d  a  c u r r e n t  
source  J  ac ro ss  the  inpu t .  T h e  second n e tw o r k  is der ived  

from  the  first one b y  om itt ing  all the  in te rn a l  sources .

A f  a ro u n d  a  f requency  f ,  tubes ,  t r a n s i s to r s ,  amplifiers etc. 
m ay  be r e g a r d e d  as  l inea r  fo u r- te rm in a l  n e tw o rk s  (fig. 4a). In  
the  th e o ry  of l in e a r  fo u r- te rm in a l  n e tw o rk s  w ith  in te rn a l  c u r re n t  
and  vo ltage  sources  [4] i t  is k n o w n  t h a t  the  effect of these  
sources  can be r e g a rd e d  as  being caused  by  a  vo ltage  an d  a  
c u r re n t  source ac ro ss  the  inpu t  (fig. 4b). So an  active  l in ea r
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fo u r- te rm in a l  n e tw o r k  w ith  in te rn a l  sources is equ iva len t  to  the  
same n e tw o r k  w i th o u t  sources, b u t  w ith  these  tw o  sources E  
a n d  J  connected  ac ross  the  input.

This theorem , w hich  resem bles  the  theo rem  of T h é v e n i n  
fo r  tw o - te rm in a l  n e tw o rk s ,  w a s  used  re ce n t ly  by  B e c k i n g  
to  re p re se n t  the  noise b eh av io u r  of t r a n s is to r s .  H e  sh o w ed  
t h a t  w i th  the  a id  of th is  theorem , a  fo rm ula  fo r  the  noise f a c to r  
can be derived , contain ing only m easu rab le  quan ti t ie s .

W e  shall  no t  give a  p ro o f  of this theo rem  here, b u t  we shall  
only show  its va lid i ty  fo r  the  idealized  t r io d e  t h a t  has  been  
t r e a t e d  in section 3.

5.1. The idealized  triode as a jo u r-term in a l network.

I f  w e  com pare  the  eq u iv a len t  c ircu it  de r ived  by  the  phys ica l  
t r e a tm e n t  (fig. 2e) w i th  the  c ircu it  in te rm s  of E  and  J  (fig. db), 
they  a p p e a r ,  a t  first sight, n e a r ly  the  sam e; how ever ,  th e re  is 
one im p o r ta n t  difference, viz. in fig. db b o th  noise sources  a re  
connected  across  the  inpu t  of the  n e tw o rk ,  while  in fig. 2e the  
noise vo ltage  source is connected  b e tw e e n  tw o  p a r t s  of the  
inpu t  conductance  b o th  belonging to  the  tube . N o w  this  m ay  
be changed  as fo llow s. W e  have  seen a l r e a d y  t h a t  the  noise 
vo ltage  source t J S  in series w i th  ( V  +  g z )  is equ iva len t  to  a  
noise c u r re n t  source (i I/ S ) ( Y  + gz) in p a ra l le l  w i th  ( Y  + g r ) .  
So the  to ta l  im pressed  noise c u r r e n t  is

ts +  tg +  ( y  +  gz)

This, how ever ,  m a y  be w r i t t e n  as

from w hich  w e can in fer  t h a t  the  equ iva len t  c ircuit m ay also  
be d r a w n  as in fig. 2f. I f  w e  call the  noise e.m.f. i J S  = E  and  
the  im pressed  noise c u r re n t  zg  +  ( ixIS ) gz  =  J y w e  ge t fig. 2g w here  
b o th  noise sources a re  connected  across  the  inpu t  te rm ina ls  of 
the  tube  ju s t  as  in the  fo rm al noise circuit  of B e c k i n g .

5.2. The noise fa c to r  in term s o f  the equivalent sources.

The noise f a c to r  m ay  be ex p ressed  in te rm s  of E  an d  J . 
I t  has  been  show n  a l r e a d y  t h a t  F  is the  m ean  sq u a re  of the
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to t a l  equ iva len t  im pressed  noise c u r re n t  a t  the  grid d ivided 

b y  Zj. H ence

77_  (it + J +  Y . E f
•2

In  this fo rm ula  occurs Y . E  =  g E  +  jb E .  H e re  j b E  — b . j E  is 
a  noise c u r re n t  o b ta in ed  b y  first changing  the  p hase  of each 
F o u r i e r  com ponent of the  noise in the  f requency  in te rv a l  A f  
considered  b y  a  q u a r t e r  of a  pe r iod  ol its ow n f req u en cy  an d  
th en  multiplying it  b y  the  su scep tance  b. T hen  we ge t  fo r  the
m ean sq u a re  of Y . E  the  express ion  (g 2 +  b2) E 2 as (j E )2 =  E  
( the  phase  sh if t  does n o t  affect the m ean sq u a re  value  of E )  
a n d  E . j E  — O (the m ean  of each  sine-function multip lied b y  the  
co rrespond ing  cosine-function vanishes).

is is n o t  c o r re la te d  w i th  e i th e r  J  o r  E .  H o w e v e r ,  J  a n d  E  
m ay  be p a r t ly  co r re la ted .  So the  mixed te rm s  a re  zero excep t 
fo r  2 J . y  E  — 2g J . E + 2 b J .  j E . T h en  w e  ge t  fo r  F

F  l i r  + ( g + b * ) &  + 2g . j ^ + 2 b . j rj E
•2

F o r  C w e have  the  express ion  (2) : tl = 4 k T g  A f .
F o rm u la  (9) holds fo r  a n y  l in ea r  fo u r- te rm in a l  n e tw o rk .  I t

con ta ins  fou r  quan ti t ie s  cha rac te r iz ing  the  noise, viz. J  ,
2 J  E  a n d  2 J  . j E . These  quan ti t ie s  m a y  be de te rm ined  by  
m easuring  E  fo r  fou r  d iffe ren t va lues  of g  +  jb .  This m ay be 
accom plished  b y  connecting a  s a tu r a t e d  diode ac ross  the  input. 
The sh o t  noise p roduced  b y  such a  diode if a  d i re c t  c u r re n t  is 
flowing th ro u g h  it, is exac t ly  know n, an d  it  m ay  be com pared  
w i th  the  to ta l  equ iva len t  im pressed  noise c u r re n t  of the  tube  
b y  m easuring  the  noise o u tp u t  p o w e r  w i th  th is  diode tu rn e d  
on a n d  off. I f  once the  fou r  noise q u an ti t ie s  have  been  m easu red  
in th is  w ay ,  F  m ay  be e v a lu a te d  fo r  any  circu it  o r  a n te n n a  
ad m it tan ce  Y.

5.3. R esults o f  the fo r m a l treatm ent.

B y this fo rm al t r e a tm e n t  of noise w e have  o b ta in e d  tw o  
r e s u l t s :
(1) Though fo rm ula  (7) fo r  F, d e r iv ed  b y  the  physica l  t r e a t -
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ment, is e ssen tia l ly  the  same as fo rm ula  (8), de r ived  b y  
th e  fo rm al t r e a tm e n t ,  w e see now  t h a t  these  fo rm ulae  conta in  
m easu rab le  quan ti t ie s .  T h e se  quan ti t ies ,  how ever ,  can only 
be given a  physica l  in te rp re ta t io n  if w e have  a  th e o ry  fo r  
the  w a y  in w hich  the  noise is p roduced . F o r  example, E  
c o r re sp o n d s  to  the  sh o t  noise c u r re n t  d iv ided  by  the  m u­
tu a l  conductance  in the  simplified th e o ry  of section 3. But, 
in rea l i ty ,  o th e r  noise sources, n o t  in c o rp o ra te d  in this th e o ­
ry ,  m ay  also  co n tr ib u te  to  E.

(2) F o rm u la  (7) w a s  de r ived  by  idealizing the  p rocesses  of 
noise p roduc tion  in a  tr iode . B u t  now  w e have a  fo rm ula  
t h a t  is independen t  of an y  physica l theo ry .  Besides using 
fo rm ula  (9) fo r  the  eva lua t ion  of F  as m entioned  above, 
w e  m ay  also  use it  to t e s t  a noise m easuring  equipm ent. 
W e  see fo r  exam ple t h a t  fo r  c o n s ta n t  g , F  is a  q u a d ra t ic  
function of b an d  t h a t  fo r  c o n s ta n t  b, the  fo rm ula  gets 
the  form  F  = A  A- B g s +  C g f .

6. The characteristic noise quantities .

F rom  the  fou r  noise q u a n t i t ie s  defined by  fo rm ula  (9), viz.
E  , t / 2, J E  and  J  . j  E , w e  shall  deduce  o th e r  quan ti t ie s  in o rd e r  
to  simplify the  fo rm ula  fo r  the  noise f a c to r  and  to  ob ta in  
quan ti t ie s  w hose  significance is more eas i ly  u n d e rs to o d .  A s w e
have  seen i] depends  on A f .  Since the  noise f a c to r  is in d ep en ­
d e n t  of the  b a n d w id th  used  if it  is small enough, the  noise 
q u an ti t ie s  defined also  d ep en d  on A f . A s F  does n o t  depend  
on A f t  i t  is recom m endab le  to  define the  noise quan ti t ie s  from 
w hich  F  is ca lcu la ted  in such a  w a y  t h a t  th e y  do n o t  con ta in  
A ƒ  e ither.  F o r  t h a t  re aso n  w e shall  deduce o th e r  noise q u a n t i ­
ties from those  a l r e a d y  defined.

6.1. The equivalent noise resistance (R eq)

As has  been  show n in section  5.1., fo r  t r io d es  E  is equal 
to  the  equ iva len t  noise vo ltage  source  iJ S ,  t h a t  is r e p re s e n te d  
b y  the  equ iva len t  noise re s is tan ce  R eq. T h e re fo re  w e shall  use 
this definition genera l ly .  So a  c h a ra c te r is t ic  noise q u a n t i ty  R eq 
is in troduced  t h a t  is defined by

E 2 = 4 k T R eqA  f (10)
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6.2. The m inim um  noise detuning capacitance (A C)

A s a l r e a d y  n o ted  in 5.3., F  is a  p a ra b o l ic  function  of b, the
suscep tance  of the  inpu t  circuit. A s the  coefficient E* of b2 is 
positive, F  has  a  minimum for  a  ce r ta in  value  of b, ca lled  b0pt. 
F rom  (9) i t  fo llow s t h a t

0 0

B u t  b0f,t i tse lf  can  n o t  easily  be m easured . I t  is b e t t e r  to m e a s ­
u re  the  difference of b0pt a n d  a  re ad i ly  recognizab le  value  of 
b} fo r  exam ple  bres, the  value of b fo r  tu n ed  inpu t  circuit. I f  
w e  w r i te  b0pt — bres = co A C  w e  m a y  r e g a rd  A C as a  c h a ra c ­
te r is t ic  noise quan ti ty .  A C is ca lled  the  minimum noise de tun ing  
capac itance .  I t  exp resses  the  w e ll-k n o w n  fa c t  t h a t  the  noise 
f a c to r  m ay  be d e c re a se d  b y  de tun ing  the  inpu t  circuit.

6.3. The noise correlatioyi number (0 -

In  fo rm ula  (9) the  te rm s  t h a t  a re  in d e p e n d e n t  of the  a d m it ­
tance  of the  in p u t  circuit a re

I +
2 J E  

4 & T  A ƒ
I +  c

The second te rm  is a  r e a l  n um ber  t h a t  w e  call f , the  noise 
co rre la t io n  num ber, f  and  A C a re  b o th  quan ti t ie s  tak ing  care  
of the  co rre la t io n  of the  noise sources.

The accu racy  of noise f a c to r  m easu rem en ts  is m os t ly  no t  
b e t t e r  th a n  O.I. T h e re fo re ,  if f  is sm a lle r  th a n  o .l  i t  m ay  be 
neglected . jFrom  tr io d e  noise th e o ry  it  fo llow s t h a t  th is  is c e r ta in ly  
the  case up to  frequencies  of 3 ° °  M c/s .  F o r  t r a n s is to r s ,  how ever ,  
even a t  v e ry  low  frequencies  f  m ay n o t  be neglected.

6.4. The m inim um  noise factor (Fmi„).

W e  have  y e t  to  find a more convenien t q u a n t i ty  fo r  J  . 
F o r  th is  w e  use the  minimum value  of F  o b ta in e d  by  vary ing  
b o th  b a n d  g . W e  have  seen  a l r e a d y  t h a t  th en  w e  m ust  m ake b 
equa l  to  b0pt> T he  dependence  of F  on g  is given by

F  =  A  +  B g  +  —
?

(13)
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F o r  a  c e r ta in  value of g , ca lled  g 0pt, F  reach es  its minimum 
value  F min. D e c re a s in g  F  b y  vary ing  the  value  of g  is ca lled  
noise matching. G e n e ra l ly  this va lue  g 0pt of g  is n o t  the  same 
as is needed  fo r  p o w e r  matching.

The minimum value of F  m ay  be ca lcu la ted  from  (9) a n d  w e 
ge t  an  express ion  fo r  F miH in te rm s  of J 2 a n d  the th re e  o th e r
noise quan ti t ies .  O n  the  o th e r  h a n d  w e m ay  also  express  P  in 
te rm s of Reg* A C, C an d  F „t{n .

6.5. The fo rm u la  fo r  the noise fac tor.

S u b s t i tu t in g  the  new  q u an ti t ie s  in (9), w e  ob ta in  by  s t r a ig h t ­
f o r w a r d  a lg e b ra

F = I + C +
R eq

g
g  F i b - b opty  +

F min -  I - c
2 R eq

(14)

O f  course, the  choice of these  quan ti t ie s  is so m e w h a t  a r b i t r a r y .
W e  m ight also  have  ta k e n  o th e r  com binations of J 2, E \  J E  
a n d  J  . j E  to  use them  as c h a ra c te r is t ic  values. W e  get, fo r  in­
s tance , an  even sim pler fo rm ula  if w e  in troduce  g 0pt in s te a d  of 
F min. C a lcu la t ing  g cpt from (14), w e  find

gopt
F tnun

2 R eq

so t h a t  the  fo rm ula  fo r  the  noise f a c to r  becomes

F  — i -h C +  — — \ g  4 gopt 4- (p — b0pt) ] ( lb )

O n  the  o th e r  h and  F m{n , being the  lo w e s t  o b ta in ab le  noise 
fac to r ,  gives a  good m easu re  of the  pe rfo rm ance  of a  low- 
noise tube . F o r  t h a t  r e a so n  w e p re fe r  to  use F mznt r a t h e r  th a n  
gopt* as  a  c h a ra c te r is t ic  noise quan ti ty .

7. Frequency dependence o f  the noise quantities .

The noise quan ti t ie s  depend  on frequency . H o w e v e r ,  this d e p e n d ­
ence is fa i r ly  simple in the  case of t r iodes ,  w hich a re  m o s t­
ly u sed  as  f irs t  tubes  of h.f. amplifiers because  of th e ir  low  
noise fac to r .  This dependence  m ay  be der ived  from the  th e o ry  
given in section 3. T hough  sev e ra l  effects have  n o t  been  ta k e n  
ca re  of in this th e o ry  w e  m ay  assum e t h a t  the  f requency  d e ­
pendence  holds good fo r  a f requency  change w hich  is no t  too 
g re a t .  This f requency  dependence  is
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(1) Re9 is independent o f f ,
(2) A C  is independent o f f ,
(3) f  vanishes and
(4) Pmin — I is proportional to f .

R e f e r e n c e s

1) A. v a n  d e r  Z i e l ,  Noise, New York 1954, pp. 314—323.
2) H. T. F r i i s ,  Proc. I.R.E. 32, 419-422 (1944).
3) C. J. B a k k e r ,  Physica 8, 23—43 (1941).
4) B. D. H. T  e 11 e g e n, Theorie der electrische netwerken, Groningen 1952, 

p. 83.
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I n t e r n a t io n a le  K u s t v e r l ic h t in g s c o n f e r e n t ie

t e  S c h e v e n in g e n

door C. B. Broersma * )

S U M M A R Y

T h e  „ In te rn a t io n a l  conference  on ligh thouses  a n d  o th e r  a ids  to n a v ig a ­
t io n ” took  p lace  a t  S cheven ingen  ( H o l la n d )  on 3 1 s t  M a y . —- 9 th  June  1955.

A  synopsis  o f  the  docum ents ,  r e p o r ts  a n d  fo l low ing  d iscussions, p a r t i ­
cu la r ly  r e la te d  to e lec tron ica l  n av iga t iona l  a ids  such  a s :  R a d a r ,  L o ra n ,
Consol,  R a d a rb e a c o n s ,  R a d io  ra n g e  beacons ,  iR ad iocom m unica t ion  etc. is 
given below.

V a n  31 M e i  to t  en m et 9 Juni j.1. vond  te  Scheveningen 
p la a ts  de 5-jaarlijkse tfIn ternational conference on lighthouses a n d  
other a ids to navigation” (Conférence internationale des services de 
signalisation m aritime) .

H e t  a rb e id sv e ld  van  deze conferentie , d a t  zich v ro eg e r  p r a k ­
tisch u its lu itend  b ew oog  op h e t  gebied  van  vu u r to ren s ,  b eb ak e-  
ning etc., h ee ft  zich th a n s  ook u i tgeb re id  t o t  d a t  v a n  de elec- 
t ron ische  nav iga tiem idde len  z o a l s : R a d a r ,  L o ran ,  Consol,  R a -  
d a rb a k e n s ,  R ad io -ge le idebakens ,  R adiocom m unicatie  etc.

M e n  h ee f t  d e rh a lv e  de conferentie , w elke  geopend  w e rd  in 
h e t  K u rh a u s  te  Scheveningen d o o r  Zijne E xcellen tie  M in is te r  
S ta f ,  g e sp l i ts t  in tw e e  com m iss ies :
Commissie A ,  w e lke  de vuu r to rens ,  l ich ttechniek , bebakening , 
boeien  etc. behande lde ,  en
Commissie B , w elke  de e lectronische nav iga tiem idde len  en geluids­
signalen o n d e r  de loupe nam.

M e t  algmene stem m en w e r d  to t  V o o rz i t te r  d e r  C onfe ren tie ,  
tevens  V o o rz i t te r  van  Commissie A benoem d: I r .  P . G. J. van  
D iggelen, H o o fd  van  de Technische D ie n s t  van  ’s Rijks K ust-  
verlichting, en to t  V o o rz i t te r  van  Commissie B :  Ir .  M . H . W .  
M o o rre e s ,  Ingen ieu r  E e r s te  K lasse  van  de Technische D ie n s t  
van  ’s Rijks K ustverl ich ting . Beide v o o rz i t te rs  h eb b en  m et g ro te

*) D i r e c t e u r  R a d io  H o l la n d  N .V . ,  A m ste rd am .
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b e k w a a m h e id  de discussies geleid en op v o o r tv a re n d e  wijze — 
w a a r  d i t  nodig w a s  — overbodige  toelichtingen, w elke  enkele 
conferen tie leden  dre igden  te  geven, b e p e rk t .  Z o n d e r  deze vo o r­
treffelijke leiding, zou men nimmer in s t a a t  g e w e es t  zijn gedu­
rende  de vijf „ w e rk d a g e n ” d e r  conferentie  de c irca  70 docu­
m en ten  te  behandelen .

D e  wijze w a a ro p  de voorz it te rs ,  d o o r  m iddel van  k o r te  u i t ­
trekse ls ,  de ag en d ap u n te n  in leidden w e r d  d o o r  een ied e r  ten  
zeers te  g e w a a rd e e rd .

S te l le r  dezes hee f t  u i ts lu i tend  de vergaderingen  van  C om m is­
sie B bezoch t en, d a a r  deze in de ee rs te  p la a ts  de belangste ll ing  
zullen h eb b en  van  de leden  van  h e t  N .R .G . ,  blijft h e t  n av o l­
gende v e rs lag  u its lu itend  b e p e rk t  t o t  de handelingen  van  C o m ­
missie B.

I. Secundary a ids to ra dar navigation iii the centimetric band

D e  nav iga tie  m e t behu lp  van  sc h e e p s ra d a r in s ta l la t ie s  k a n  
be langrijk  ges teund  w o rd e n  d o o r  h e t  to ep assen  van  „ r a d a r ­
b a k e n s” . Z u lk e  b akens  dienen g e p la a ts t  te  w o rd e n  op p la a ts e n  
langs de kust ,  w e lke  onvoldoende ra d a r in fo rm a t ie  geven, op 
lich tschepen etc.

M e t  b e tre k k in g  to t  zulke r a d a r b a k e n s  kunnen  tw e e  versch il­
lende on tw ikke lingen  w o rd e n  g e rap p o r te e rd .
a. D e  A m er ik aan se  wijze, w aa rb i j  he t  r a d a r b a k e n  w e r k t  op 

een f requen tie  die ie ts  versch il t  van  de f requen tie  w a a ro p  
de sc h e e p s ra d a r in s ta l la t ie  w e rk t .  D e  „ b a k e n in fo rm a t ie ” k a n  
dan  op h e t  r a d a r s c h e rm  slechts  gep ro d u cee rd  w o rd e n  doo r  
een toevoeging a a n  de r a d a r o n tv a n g e r  ( tw e ed e  locale oscil- 
la to r) .

b. D e  wijze to e g e p as t  in E n g e lan d  en N e d e r la n d ,  w aa rb i j  de 
b a k e n z e n d e r  w e r k t  op een f requen tie  gelijk a a n  de scheeps­
ra d a r in s ta l la t ie .  In  d i t  geval k a n  h e t  b a k e n  w o rd e n  o n t­
vangen  zonder  voorzieningen a a n  de ra d a ro n tv a n g e r .

B ovend ien  k w a m  de kw estie  t e r  sp rak e  of r a d a r b a k e n s  m oe­
ten  w e rk e n  op beide, th a n s  in gebru ik  zijnde, f requen ties  van  
r a d a r in s ta l la t ie s  ( t .w . 3000 mc/s en 10.000 mc/s) of slechts  op 
de m eest  to e g e p as te  10.000 mc/s frequen tie .  M e n  w a s  van  ge­
voelen d a t  zow el 3000 mc/s a ls  10.000 mc/ b a k e n s  m oeten  w o r ­
den  toegepas t .

B e tre ffende  pass ieve  r a d a r b a k e n s  (reflec toren) w as  N e d e r -
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lan d  van  gevoelen d a t  deze m oeten  w o rd e n  gem onteerd  op de 
„ l ich tboeien" ,  d a t  zijn dus de be lang ri jk s te  boeien, te rw ij l  de 
k le inere  boeien op zodanige wijze dienen te w o rd e n  gecons tru ­
eerd , d a t  deze goede „ rad a r-re f lec t ie" -e igenschappen  bezitten .

I I .  Instab ility , f ie ld  strength a n d  spectra o f  M arine Radio Beacons

H e t  be tre ffende  r a p p o r t ,  a fkom stig  van Belgische zijde to o n t  
a a n  d a t  de s tab i l i te i t  van  ra d io b a k e n z e n d e rs  in de b a n d  van  
285 — 525 kc/s sinds h e t  invoeren  van  h e t  n ieuw e R a d io b a k e n ­
systeem  is v e rb e te rd ;  e r  w o r d t  ec h te r  g e c o n s ta te e rd  d a t  s lechts  
25 %  van  deze ra d io b a k e n s  vo ldoe t  a a n  de to leran tie-e is ,  v a s t ­
geste ld  d o o r  de R ad ioconferen tie  te  A tla n t ic  C i ty  1947.

Te vens w o r d t  g e c o n s ta te e rd  d a t  de v e ld s te rk te  van  de b e ­
treffende R a d io b a k e n s  sinds 1949 is verm inderd . D i t  is in o v e r­
eenstem m ing m et de g em aak te  a f sp ra k e n  bij de C onfe ren tie  te  
P ar i js  in 1951, w e lke  to t  doel h a d d e n  de storingen, v e ro o r ­
z a a k t  d o o r  de bak en s  onderling, te  verm inderen .

B ovendien  w e rd  gemeld d a t  een o n ru s tb a re n d  a a n ta l  „ae ro -  
n au t ica l  beacons"  b innen  de m aritiem e b a k e n fre q u e n t ie b a n d  is 
verschenen. D e  conferen tie  m a a k te  een aanbeve ling  (reso lu tion) 
tene inde  d i t  euvel tegen  te  gaan.

I I I .  E xperim ents w ith  a new type o f  signa l composition fo r  
mari?ie radiobeacons

E en  r a p p o r t  van  Finse zijde be tre ffende  proefnem ingen  m et 
een n ieuw  ty p e  s ignaal ten  behoeve van  ra d io b ak e n s ,  w aa rb i j  
n ie t  een continu lange s t re e p  w o r d t  gegeven doch een s ignaal 
m et snelle o n de rb rek ingen  (in de gees t  van  een „sne lzender") ,  
m e ld t  d a t  m e t deze „n ieuw e m e th o d e"  n a u w k e u r ig e r  k an  w o r ­
den  gepeild.

I V .  The operation o f  the new radiobeacon system

D e  E ngelsen  geven hierin  een overzich t v an  de ve rande r ingen  
w e lke  u i tgevoerd  w e rd e n  a a n  63 ra d io b a k e n z e n d e rs  teneinde  
deze a a n  te  p a sse n  a a n  de eisen v an  de O v e re e n k o m s t  voor  
M a r i t ie m e  R a d io b a k e n s  Par i js  1951.
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V . H arbour R a d a r  o f Le H avre
Shore based rad a r system s fo r  ports a n d  w aterw ays in the 
N etherlands
IJm u id en  R a d a r  -— Operational Report

G ro te  be langste l l ing  w e r d  ge toond  voo r  de ze docum enten, 
één van  F ra n se  oo rsp rong  en tw e e  van  N e d e r la n d s e  zijde. D e  
F ra n se n  b leken  voo r  hun h a v e n r a d a r  een v o o rk e u r  te  hebben  
voor 10 cm golflengte. Zij geven tevens  de ta i ls  van de p roeven  
w elke  in Le H a v r e  w e rd e n  g e d a a n  m et h e t  ove rb rengen  van  
h e t  bee ld  van  de h a v e n r a d a r  m et behu lp  van  een te lev is ie ­
zender  n a a r  enkele m et een te lev is ieon tvange r  u i tgeru s te  sche­
pen.

U itv o e r ig e  discussies vonden  p la a ts  over  h e t  a l  of n ie t  n o o d ­
zakelijk  zijn van  een identif icatie-systeem  in com binatie  m et 
w a l ra d a rsy s te m e n .  V a n  F ra n s e  zijde w e rd  te  kennen  gegeven 
d a t  men identificatie eigenlijk n ie t  nodig vond ; men zou nimmer 
la s t  gehad  hebben  m et h e t  identificeren van  een schip d a t  w a l-  
ra d a r - in fo rm a t ie  nodig had.

E c h te r  m oet w o rd e n  e rk e n d  d a t  de gegevens van onze F ra n se  
v r ienden  i e tw a t  v a a g  w a r e n  en d a t  b leek  d a t  men w el eens 
g ro te  moeite  gehad  h e e f t  om uit een a a n ta l ,  zich op geringe 
a f s ta n d  v an  e lk a a r  bev indende, schepen h e t  ju is te  schip te 
vinden.

D  e discussies ove r  h e t  — p e r  televisie-link — uitzenden  van  
h e t  w a l r a d a r b e e ld  re su l te e rd e  in een aanbeve ling  van  de confe­
ren tie ,  inhoudende d a t  h e t  nodig is voo r  d it  doel kan a len  te  
re se rv e ren .  E en  w erkcom m issie  w e rd  ingeste ld  w elke  zal o n d e r ­
zoeken in w e lke  b a n d  ( U .H .F .  of S .H .F . )  deze k an a len  m oeten  
w o rd e n  g e rese rv ee rd .  D e  W e s t - D u i t s e  de legatie  meende d a t  
de S .H .F . - b a n d  w e l  eens de v o o rk e u r  zou kunnen  h e b b e n ;  men 
w a s  bezig m et v e ld s te rk tem e tin g en  in d it  f requen tiegeb ied .

V o o r t s  w e rd  d oor de N e d e r la n d s e  de legatie  een u iteenzett ing  
gegeven over  h e t  o pe ra t ionee l  gebru ik  van  h a v e n ra d a r - s y s te -  
men in com binatie  m e t he t  R a p lo t-sy s te e m , w a a rb i j  op elec- 
tron ische  wijze rich ting  en a f s ta n d  m et g ro te  nau w keu rig h e id  
k a n  w o rd e n  gemeten.

U i t  een v o o r tg eze t te  zeer  in te re s sa n te  discussie b leek  d a t t i jd e n s  
m ist 20 — 30 °/o schepen  de h a v e n r a d a r  te Le H a v r e  gebruiken; te 
IJm uiden g e b ru ik t  bijna 100 "/o d e r  schepen  de h a v e n ra d a r  tij­
dens m ist vo o r  h e t  opzoeken van  de a n k e rp la a t s  of voor  b in ­
nenkom en, te rw ij l  te  H a l i f a x  s lechts  2 ^ 3  °/0 van de w a l r a d a r
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gebru ik  m aak t .  Te H a l i f a x  h ee f t  men gebru ik  g e m a ak t  van  een 
r ich tingzoeker  m et k a th o d e s t r a a lb u is  voor identifïcatie-doeleinden.

In  A m erik a  w e r k t  men th a n s  a a n  een sy s teem  , ,T V S ’ , ge­
n a a m d  („T rig g e red  V ideo  Synchron is ing”), w aa rb i j  h e t  h a v e n ­
r a d a r b e e ld  w o r d t  o v e rg e b ra c h t  n a a r  de s c h e e p s ra d a r .  M e n  b e ­
h o u d t  hierbij a a n  b o o rd  de keuze van  h e t  „ a f s ta n d s b e re ik ” .

V I .  R adio  navigatioji a ids f o r  m edium  a n d  long distance w itk
special regard  to Consol W .-D uitsland

V I I .  Technological advances i?i the Loran system  —< U .S.A .

D  eze docum enten  w o rd e n  h ie r  gelijktijdig b eh an d e ld  om da t  
zij aan le id ing  gaven to t  een discussie tu ssen  de A m erikaanse  
de legatie  en die van  enkele E u ro p e se  landen  over  h e t  fe it  w e lk  
van  de tw e e  sy s tem en  in de p ra k t i jk  de bes te  opera tione le  
r e s u l ta te n  h a d  gegeven.

D e  A m erik aan se  v e r teg e n w o o rd ig e r  hield een vurig  pleidooi 
ten  gunste  van  L o ra n  en somde de v e rb e te r in g en  op w elke  
men gedurende  de la a t s te  ja r e n  h a d  w e te n  te  bere iken , zoals 
verm indering  van  de b a n d b re e d te ,  au tom atische  synchron isa t ie  
en au tom atisch  volgen van  de afleesinrichting van  de on tvanger .  
D e  eenvoud  van  h e t  C onso l-sys teem  w ees  hij — min of m eer 
— van  de h a n d  doo r  de n au w k eu r ig h e id  van  d it  sys teem  in 
tw ijfe l te  t rek k en .

H e t  h ie rboven  genoem de W e s t - D u i t s e  docum ent beschrijf t  
tevens  een n a d e re  on tw ikke ling  van  Consol, „ C o n s o la r ” ge­
noemd, w elke  van  v i j f  , ,space d iv e rse d ” an tennes  gebru ik  m a a k t  
(i.p.v. drie  bij Consol), w a a r d o o r  een uniforme pe ilnauw keurig -  
heid over  360° rondom  h e t  „ C o n s o la r 'L s ta t io n  w o r d t  verk regen . 
T evens w o r d t  he t  nach te ffec t  opgeheven, te rw ij l  de „richtings- 
tw ijfe l” p rac t isch  n ie t  m eer  b e s ta a t .

I n te r e s s a n t  is de verm eld ing  d a t  de R ussische  de legatie  op 
h e t  gebied van „ C o n s o la r ” m et deskundigheid  w is t  mee te 
spreken .

V I I I .  Note on coarse radiobeacons w ith  loopjaerial system s  — 
F rankrijk
R adio  range beacon o j new design fo r  M arine purpose — 
Zweden
A  radio range beacon fo r  d u a l course-width transm ission >—« 
Zweden

In  bovengenoem de docum enten  w o rd e n  baken -sys tem en  be-
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schreven  w e lke  in versch illende lan d en  in gebru ik  zijn en die 
b e ru s te n  op h e t  bekende  principe van  een aequ is ignaa l-sec to r  
m et een „ A — N ” - of „ L — F ” -sec to r  t e r  w eerszijden  van  de 
aequ is ignaa l-sec to r .

In  F ra n k r i jk  m a a k t  men geb ru ik  van  f requen tie s  in de b a k e n ­
b a n d  (circa 300 kc/s), in Z w e d e n  m a a k t  men geb ru ik  zow el 
van  de 300 kc/s als de 1600 kc/s  b an d .  G em idde ld  a fs ta n d s -  
b e re ik  20 mijl.

V o o r t s  hee f t  men in Z w e d e n  b e re ik t  d a t  op g ro te re  a f s ta n d  
van  h e t  b a k e n  een b re d e re  aequ is ignaa l-sec to r  m et geringere  
gevoeligheid — vo o r  h e t  n a d e re n  van  een haven  of v aa rg eu l  
— w o r d t  verk regen , te rw ij l  op kleine a f s ta n d  een n a u w e re  
aequ is ignaa l-sec to r  m et g ro te re  gevoeligheid w o r d t  to eg ep as t .

D e  *— volgens bovengenoem de principes  besch reven  *— b a ­
k en sy s te m e n  hebben  -—' volgens de proefnem ingen  -— een n a u w ­
keurigheid  van  2 5 3 g raden .

IX .  The possibihties o f  iising the principle a n d  experience o f  
the A G A  ta lk ing  beacon .— Zweden

In  Z w e d e n  h e e f t  men een b a k e n  b ep ro e fd  in de V .H .F . -  
b a n d  w aarb i j  de peilingen ten  opzichte van  h e t  b a k e n  w o rd e n  
gegeven d o o r  m iddel van  h e t  gesp roken  w o o rd .

D i t  gesch ied t op de volgende w i jz e : D e  r ich ting  van  de 
d ra a ie n d e  „ b e a m ” w o r d t  iedere  10 seconden u itgesp roken . D i t  
geeft  een n a u w k eu rig h e id  van  ±  3°. D iscussies  m a a k te n  du ide ­
lijk d a t  de nau w k eu rig h e id  kon w o rd e n  v e r b e te r d  t o t  i  1° in­
dien de „ d ra a isn e lh e id ” van  de „ b e a m ” w o r d t  verk le ind . D e  
re ikw ijd te  is b e p e rk t  t o t  ie ts  m eer d an  „ z ic h ta f s ta n d ’'. A a n  
b o o rd  van  h e t  schip of h e t  vliegtuig is s lech ts  een V .H .F . -  
o n tv a n g e r  nodig. Specia le  m a a tre g e le n  m oesten  w o rd e n  geno­
men om m oeilijkheden t.g.v. reflecties d o o r  h e t  te r re in  en „side- 
lo b e s” van  h e t  an ten n esy s teem  te  voorkom en.

X . The mierowave lighthouse >— Canada

D i t  docum ent beschrijf t  de reed s  b ekende  experim en ten  m et 
een 3 cm ger ich t  b a k e n  conform h e t  ook in N e d e r la n d  b e ­
p roe fde  principe, besch reven  in h e t  T ijdschrif t  van  h e t  N .R .G . ,  
Jan. 1954 (deel 19, N o . 1). N ie u w e  gez ich tspun ten  k w a m e n  
n ie t  n a a r  voren.

H e t  lijkt — gezien overeenkom stige  on tw ikke lingen  in de m.f.- 
band , zoals b esch rev en  o n d e r  V I I I  — d a t  d i t  3-cm -systeem
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op de a c h te rg ro n d  zal ra k en .  Im m ers men h e e f t  a a n  b o o rd  v an  
h e t  schip een speciale  o n tv a n g e r  nodig, w e lke  — v o o rsh an d s  
— u its lu itend  voor  d i t  speciale b a k e n  g e b ru ik t  k an  w orden .

D e  sy s tem en  in de m .f.-band kunnen  een com m unicatie-ont- 
v a n g e r  b e n u t te n  voor algem een gebruik .

E e n  discussie ove r  h e t  g e v a a r  d a t  bij d i t  type  b ak en s  de 
schepen te  veel op één lijn w o rd e n  geconcen tree rd  b r a c h t  n a a r  
voren  d a t  men w ell ich t  m et v o o rd ee l  tw e e  „koers li jnen"  k a n  
u itze tten . D e  ene voo r  h e t  sch eep sv erk ee r  in de ene richting 
en de tw e e d e  voor  h e t  tegenges te ld  gerich te  ve rkee r .

D e  e rv a r in g  in C a n a d a  h ee f t  w e l  ge leerd  d a t  tijdelijke a f ­
wijkingen van  de „ b e a m "  kunnen  o p tre d e n  d o o r  de nabijheid  
van  schepen. A tm osfer ische  invloeden  h a d d e n  geen m e rk b a a r  
effect. D i t  b leef  b e p e rk t  to t  fouten  in g ro o t te -o rde  van  1/é°.

X I .  D e  Commissie B b eh an d e ld e  eveneens een a a n ta l  docu­
m enten  w elke  hande len  over  gelu idssignalen  en a f s ta n d b e d ie ­
ning van  vuu r to rens .  A angezien  deze n ie t  van  specifiek rad io -  
technische a a rd  zijn, w o rd e n  zij in deze b ijd rage  n ie t  n a d e r  b e ­
handeld .

X I I .  V o o r t s  w o r d t  nog melding g e m a a k t  van  een o n tw ik k e ­
ling in F in land  be tre ffende  een „ Transistorized  sunvalve”, o n t ­
w ik k e ld  d o o r  de F inse D ie n s t  d e r  K ustver l ich ting .  E e n  ,,sun ­
valve  ' b eoog t  h e t  au tom atisch  doen ons teken  van  vuu r to rens .

D e  v u u r to re n s  in F in land  zijn m ees ta l  u i tg e ru s t  m et de „ su n ­
va lve ' '  v an  G u s ta v  D a le n ,  w e lke  voo r  zijn vele ingenieuze v in ­
dingen be loond  w e rd  m et de N obe lp r i js .  H e t  b lijk t ech te r  d a t  
deze k lass ieke  ,,sunvalve ' '  voo ra l  voo r  h e t  „koude  licht"  van  
de po la ire  w in te r  onvoldoende gevoelig is voo r  de m oderne  
v u u r to re n -a p p a ra tu u r .  D e rh a lv e  h e e f t  men th a n s  p ro ev en  ge­
nomen m et een „sunva lve ' '  b e s ta a n d e  u it  een pho to -e lec tr ische  
cel m et pa ssen d e  „ t r a n s i s to r -v e r s te rk e r " ,  w a a r d o o r  th an s  de 
t r a n s i s to r  ook h a a r  in tred e  h e e f t  g e m a a k t  bij de kustverl ich-  
tingstechniek .

X I I I .  Radiotelefonische communicatie

A ls algem een p u n t  d ien t  te  w o rd e n  opgem erk t  d a t  b leek d a t  
een a a n ta l  kus tve r l ich tingsd iens ten  in verschillende landen  voo r  
h a a r  communicatie V H F  h eb b en  ingevoerd  in p la a ts  van  de 
2 mc/s f requen ties .  In  d i t  v e rb a n d  is h e t  tevens  belangrijk  te
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verm elden  d a t  voo r  rad ioverb ind ingen  tu ssen  schepen en w al-  
r a d a r - s y s te m e n  (h a v e n ra d a r )  h e t  systeem  m et d r a a g b a r e  in s ta l ­
la t ies  (porto foons)  — d o o r  de loodsen  n a a r  de schepen mede 
te  nemen — in de p ra k t i jk  m inder  goed vo ldoe t  en d a t  de 
v o o rk e u r  gegeven w o r d t  a a n  vas te  — a a n  b o o rd  opgeste lde  — 
V  H F -zend /on tvangers .

D e  C o n fe ren tie  a c h t te  h e t  in d i t  v e rb a n d  van  be lang  d a t  
voo r  deze doele inden  in te rn a t io n a a l  overeengekom en frequen ties  
zullen w o rd e n  gebru ik t .

X I V .  E xcursies

H e t  bovenom schreven  w e rk p ro g ra m m a  d e r  conferen tie  vond 
p la a ts  op 31 M ei t /m  4 Juni j.1. G e d u ren d e  de la a t s te  dagen  
(6 t/m  9 Juni) vond  een a a n ta l  excursies  p la a ts ,  o.m. een 
d e m o n s t ra t ie to c h t  m et een boeienlegger, w aa rb i j  een 3-cm- 
R a m a rk -s y s te e m  w e r d  ge toond  d a t  o n tw ik k e ld  w a s  d o o r  he t  
N e d e r la n d s  R a d a r  P ro e f s ta t io n  te N o o rd w ijk .  D i t  sy s teem  
w ijk t  ten  aanzien  van  de volgende p u n ten  a l  van  soortgelijke, 
in h e t  b u i te n la n d  b ep roefde  sy s te m e n :  D o o r  h e t  to e p a sse n  van  
in ver t ica le  r ich ting  , ,space d iv e rsed  * b re e d -b a n d  s lo t te d  a n te n ­
nes w o r d t  h e t  o n t s ta a n  van  dode zones voorkom en. D o o r  een 
p assen d e  h .f .-m odulatie  k a n  de n a v ig a to r  a a n  boo rd  d e r  sche­
pen  de baken -in fo rm atie  van  d i t  — t?i de 3 -c m -ra d a rb a n d  w e r ­
kend  — sys teem  m et behu lp  van  de f.t.c ( la s t  time co n s ta n t  
of d if fe ren t ia to r)  van  h e t  r a d a r s c h e rm  verw ijderen .* )

V o o r t s  vonden  b ezoek toch ten  p la a ts ,  o.m. n a a r  Philips en 
n a a r  de Z u id e rze e w e rk en .

*) V o o r n a d e re  b ijzo n d e rh ed en  w o rd t v e rw e z e n  n a a r  een a r tik e l in 
h e t vo lgende num m er.



265

O P E N IN G  N IE U W E  V L E U G E L  P H IL IP S  N A T U U R K U N D IG  
L A B O R A T O R IU M

Z aterdag  2 Juli is bij de N .V . Philips te E indhoven, in aanw ezigheid van 
vele autoriteiten, binnen- en buitenlandse gasten, een nieuwe vleugel van  het 
N atuurkundig Laboratorium  in gebruik genomen. De opening hiervan werd met 
technisch ceremoniëel verricht door Z .E . mr J. M. T h . Cals, m inister van  O n ­
derwijs, Kunsten en W etenschappen , die daartoe slechts een glas met kleurloze 
vloeistof in een kolf met rode vloeistof had te schenken. De rode kleur sloeg 
daarbij om in een groene, die de stralen van  een kooldraadlam p, die voordien 
wèl door de vloeistof gingen, nu tegenhield. D it had tot gevolg, dat een in de 
bundel opgestelde fototransistor een relais deed afvallen, w aardoor autom atisch 
een foto w erd genomen en tegelijkertijd een electronische vertrag ingsschakelaar 
in werking w erd gesteld. Deze bracht na verloop van een tiental seconden 
een m otortje in beweging, w aardoor een keten van gloeilampjes werd ontstoken. 
H et laatste lampje was een flitslampje, dat bij het ontbranden een geweldige 
knal deed ontstaan, w aarna het gordijn, dat toegang tot de nieuwe vleugel gaf, 
langzaam  w erd opengetrokken.

T ijdens een tevoren gehouden bijeenkomst in de nieuwe collegezaal gaf 
een aantal sprekers uiting aan  hun voldoening over de totstandkom ing van de 
uitbreiding en wijdden daarbij bijzondere aandacht aan  het feit dat ruim veertig 
jaar geleden het researchw erk bij Philips w erd ter hand genomen. M inister Cals 
deed aan  het eind van zijn rede mededeling, dat het H .M . de Koningin had 
behaagd bij deze gelegenheid een drietal onderscheidingen toe te kennen.

Prof. dr G. H olst van  1 Jan. 1914—4 Juli 1946 leider en later directeur van 
het N atuurkundig Laboratorium  is voor zijn uitzonderlijke bijdragen op het 
gebied van  het natuurkundig onderzoek en technisch onderwijs in N ederland 
benoemd tot Com m andeur in de O rde van O ranje N assau. Ir H. Rinia, de oudste 
der tegenw oordige drie directeuren, is benoemd tot O fficier in de O rde van 
O ranje N assau, als erkenning voor zijn verdiensten op electrotechnisch en op-

ln  de ruimte boven de ingang rechts op de fo to  is de nieuwe Collegezaal onder­
gebracht. D e kamers ernaast (parterre en eerste en tw eede etage) zijn zonder 
uitzondering w erkvertrekken voor de wetenschappelijke onderzoekers. De kelder­
ruimte bevat verscheidene vertrekken voor het verrichten van proeven die een

constante tem peratuur vereisen.
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Minister Cals reikt Ir Rinia de nieuw verworven onderscheiding uit.

Met deze handeling verrichtte Minister Cals de opening van de nieuwe vleugel
van het Natuurkundig Laboratorium.
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tisch gebied, terwijl aan  de heer H. J. Lemmens, chef van  de glas- en instrum ent­
makerij en buizenw erkplaats als expert op het gebied van  glas- en hoogvacuum - 
techniek de gouden eremedaille verbonden aan  de O rde van  O ran je  N assau  w erd 
uitgereikt.

A an de verschillende voordrachten, die ter gelegenheid van  de opening van  
de nieuwe vleugel zijn gehouden, ontlenen wij de volgende bijzonderheden, die 
vele onzer lezers w ellicht zullen interesseren.

In 1914 w erd er naast de reeds bestaande laboratoria  voor het onderzoek 
van  grondstoffen, het meten van lichtsterkten van  gloeilam pen enz., een nieuw 
laboratorium  ingericht, w aar men ook diepergaande, meer fundam entele onder­
zoekingen zou kunnen verrichten. De eerste natuurkundigen, die hiervoor w erden 
benoemd, w aren  D r G. H olst (op 1 Jan. 1914) en enkele m aanden later dr E. 
O osterhuis.

M idden in de fabriek op de Em m asingel w erd een ruimte uitgezocht, w aar 
men betrekkelijk weinig last van  trillingen had en d aar w erden v ier lokalen inge­
richt als laboratorium , respectievelijk als w erkkam er, als studeerkam er, tevens 
bibliotheek, als instrum entm akerij en als ruimte voor de accum ulatorenbatterij.

In 1923 kreeg het N atuurkundig  Laboratorium  een eigen, nieuw gebouw  op 
het complex Strijp. D it w erd nadien herhaaldelijk uitgebreid, o.a. in 1926, 1929, 
1944, 1950 en nu in 1955. Hierbij w erd de vloeroppervlakte meer dan vertien­
voudigd, namelijk van  2700 m2 in 1923 gebracht op 27.920 m2 in 1955, terwijl 
het aan tal w erkkam ers in die tijd steeg van  100 tot bijna 600.

In 1924 w erkten er in het N at. Lab. 100 mensen, w aarvan  15 academici, in 
1934 w aren het er 370, w aarv an  80 academici, in 1946 respectievelijk 700 en 
153, terwijl het totaal aan tal thans gestegen is tot 1259 en dat der academici 
tot 250. Gemiddeld bedroeg het aan tal academ ici dus ongeveer 20%  van  de 
totale bezetting.

Behalve in E indhoven w erken er ook in het buitenland nog research-groepen, 
met name in Engeland, de V erenigde S taten  en Frankrijk, w aardoor het totaal 
van  1250 man met nog enige honderden moet w orden verhoogd. A an een lunch 
vertelde Ir Philips dat elke academ icus in de research de N .V . in totaal onqeveer 
ƒ 6 0 .0 0 0 .^  kost.

H et w etenschappelijk onderzoek strekt zich over vrijwel de gehele natuurkunde 
uit en verder over belangrijke gebieden der scheikunde en der ingenieursw eten­
schappen. V an  de academici, die er werken, zijn er thans 44%  natuurkundige, 
27%  scheikundige en 29%  ingenieur. D aarbij zijn de natuurkundige ingenieurs 
en de scheikundige ingenieurs respectievelijk tot de eerste en de tweede categorie 
gerekend.

H et totaal aantal w etenschappelijke publicaties van  de verschillende m edewer­
kers overschreed in 1935 het eerste duizendtal en in 1951 het tweede duizendtal, 
terwijl het thans ruim 2600 bedraagt. H iertoe behoren 30 boeken, en 32 disser­
taties. Bovendien heeft het N atuurkundig  Laboratorium  sinds 1936 een eigen 
publicatieorgaan, het Philips Technisch Tijdschrift, dat elke m aand in het N eder­
lands, F rans, D uits en Engels verschijnt. D aarnaast geeft het sinds O ctober 1945 
een eigen tweem aandelijks periodiek uit: de Philips Research Reports.

In de loop der jaren verlieten 18 w etenschappelijke m edewerkers het N a tu u r­
kundig Laboratorium , om dat zij elders tot hoogleraar w erden benoemd, 14 in 
N ederland en 4 in het buitenland. Bovendien zijn nog 5 m edewerkers als buiten­
gewoon hoogleraar met een bijzondere leeropdracht aan  een onzer universiteiten 
of hogescholen w erkzaam .

T oen op 1 Juli 1946 Prof. D r G. H olst als D irecteur van  het N at. Lab. a f­
trad, w erd de directie overgenom en door een driem anschap, bestaande uit de 
natuurkundige Prof. D r H. B. G. Casim ir, de electro-technicus Ir H. Rinia en 
de scheikundige D r E. J. V erw eij, terwijl in 1947 de scheikundige D r H. Bienfait 
als adjunct-directeur daaraan  w erd toegevoegd.

M . P. V .
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N IE U W E  U IT G A V E N

D e redactie ontving de volgende nieuwe uitgaven:
Second Thoughts on Radio Theory door „Cathode R ay'\
Toepassingsmogelijkheden en de toekomstige ontwikkeling van de Telexdienst 

en de tele graaf huur lijnen door T . Perry .
Television Receiver Servicing (deel 2) door E. A. W . Spreadbury .

Boekbespreking
Elsevier s Dictionary of Television, Radar and Antennas door 
W . E. Clason. U itgegeven door E lseviers U itgeversm aatschappij, 
Am sterdam . 760 pag., 23 x 15 cm. Prijs ƒ 62.50.

D it boekw erk bevat in de eerste plaats — in alphabetische volgorde — in 
de Engelse taal, een lijst van  2456 technische term en gevolgd door een definitie 
en een vertaling v an  de Engelse term in het F rans, Spaans, Italiaans, N ederlands 
en Duits. Bovendien bevat het w erk in de vijf laatstgenoem de talen een alpha­
betische lijst welke refereert naar de Engelse lijst.

Bij het bestuderen van  de lijst blijkt dat zij niet volledig is en voorts dat de 
definities soms onjuist zijn.

Enkele voorbeelden zijn:
N ederlands: C onsolradarsysteem , Engels: Consol beacon system. O pgem erkt 

zij dat Consol beslist geen radarsysteem  is. Definities v an  geheel verschillende 
aa rd  w orden b.v. gegeven van  het G ee-systeem  enerzijds en van  het Loran- 
systeem  anderzijds, terwijl zij een gelijk principe betreffen. In het N ederlands 
w ord t de term „G ee-radarsysteem ’ gebruikt, terwijl gesproken w ord t v an  een 
„L oran hyperbolisch stelsel”. N a a r mijn mening is Gee ook een hyperbolisch 
stelsel.

De Engelse term ,,gain control, volume contro l” w ordt in het N ederlands 
gelu ids(sterk te) regelaar genoemd.

D e definitie van  „gain  contro l” luidt: M eans for controlling the am plitude of 
the sound signal. M en kan veel meer zaken dan geluidssterkte regelen met een 
,,gain contro l”.

H et Engelse w oord ,,D irection finder” w ordt vertaald  in „Richtingpeilstelsel” , 
terwijl R ichtingzoeker of Radiopeiltoestel reeds algem een burgerrecht heeft v e r­
kregen en in vele andere woordenlijsten w ord t genoemd.

H etzelfde geldt voor de term ,,Z eeslu ier”. ,,Z eekaatsing” w ordt allerw ege ge­
bruikt en deze term kom t dan  ook voor in het ontw erp ,»Benamingen op het 
gebied v an  de radiopeiling en radioplaatsbepaling van  het N ederlands E lectro- 
technisch C om ité”.

T erm en als „Frequency m odulated ra d a r”, „reciprocal bearing” mankeren.
W a t  betreft het noemen van  verschillende system en in de richtingzoekertech- 

niek w ord t opgem erkt dat de naam  ,,Bellini T o s i” geheel ontbreekt doch wel 
„A dcock” en „R obinson” zijn opgenom en.

H et is jammer dat nu reeds blijkt dat deze w oordenlijst in belangrijke mate 
zal afw ijken van  de w oorden- en definitielijst welke door het „C .C .I.R .” bew erkt 
w ord t en welke ongetwijfeld — als publicatie v an  de In ternational Telecom - 
m unication U nion — straks als de officiële erkend zal w orden.

T o t de publicatie van  deze lijst voorziet de, hierboven besproken, E lsevier 
u itgave zeker in een behoefte.

C. B. Br.
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Guide to Broadcasting Stations 1955 — 1956. Sam engesteld door 
de staf van W ire less W orld . 8ste uitgave. Gepubliceerd door 
Iliffe & Sons Ltd. 18j^ x ÏIJ/J cm> 80 bladzijden. Prijs 2 sh. 6 d.

Sinds de publicatie van  de laatste editie hebben er talloze wijzigingen plaats 
gevonden. Deze zijn alle in de achtste editie verw erkt. De 650 m iddengolfom roep- 
stations in E uropa zijn zowel naar frequentie als geographisch gerangschikt. De 
stations die w erken op frequenties welke niet zijn toegewezen door het K open­
hagen plan zijn speciaal gem erkt (omstreeks 50% !).

Alle kortegolf om roepstations van de wereld — ongeveer 1600 — zijn op 
dezelfde wijze aangegeven, terwijl bovendien de roepletters vermeld zijn.

Bovendien geeft deze handige uitgave een opsomming van de meer dan 
300 v.h.f. stations en de 130 televisiezenders die in E uropa in bedrijf zijn.

Uit het N ederlands Radiogenootschap
P E R S O N A L IA

D r I r  J .  P . P O L E Y

O p 29 Juni j.1. prom oveerde te Delft ons lid 
J. P. Poley. Prom otor w as Prof. J. H .de Boer, 
de titel van  het proefschrift luidt: M icrow ave 
dispersion of some polar liquids.

Johannes Philippus Poley, geboren 28 Juni 
1924 te Bandoeng, behaalde in 1942 het eind­
diploma H.B.S.-B aan het Chr. Lyceum te H aa r­
lem. N a eerste inschrijving in datzelfde jaar 
aan de T . H. te Delft, kon hij de studie aldaar 
in 1945 hervatten, w aarna hij in 1948 het diplo­
ma van natuurkundig ingenieur verkreeg. Sinds 
1947 is hij, met een onderbreking voor mili­
taire dienst, verbonden aan  het Physisch Labo­
ratorium  der R ijksverdedigings O rganisatie 
- T .N .O ., w aar hij per 1 Januari 1953 werd 
benoemd tot hoofdingenieur.

E X A M E N S

Verslag van het exam en voor radiotechnicus , radiomonteur en televisie-tech -
nicus gehouden in April. M e i , Juni en Juli 1955.

De schriftelijke exam ens voor radiotechnicus, radiom onteur en televisietechni- 
cus w erden gehouden op 12 en 13 April 1955. Aangem eld hadden zich 178 
candidaten voor radiotechnicus, 223 voor radiom onteur en 7 voor televisie- 
technicus, w aarvan  8 candidaten zich terugtrokken (6 voor radiotechnicus en 2 
voor radiom onteur). W eg en s onvoldoend schriftelijk exam en werden afgewezen 
110 candidaten radiotechnicus, 90 candidaten radiom onteur en 3 candidaten tele- 
visie-technicus.

V oor het mondelinge gedeelte w erden opgeroepen 63 candidaten radiotech­
nicus (1 candidaat van vorig exam en), 131 candidaten radiom onteur en 4 candi­
daten televisie-technicus, welke mondelinge exam ens w erden gehouden op 24, 
25 Mei, 1, 2, 6, 7, 27, 28 Juni en 6 Juli 1955. A fgewezen w erden 24 candidaten 
radiotechnicus, 47 candidaten radiom onteur en 1 candidaat televisie-technicus.

G eslaagd zijn in totaal 35 candidaten radiotechnicus, 71 candidaten radiom on­
teur en 3 candidaten televisie-technicus. 4 C andidaten radiotechnicus en 13 candi-



270

daten radiom onteur w erden voor een herexam en in aanm erking gebracht. V an  
de 14 candidaten die een herexam en moesten afleggen w as 1 candidaat verhin­
derd. 9 C andidaten  radiom onteur en 2 candidaten radiotechnicus slaagden.

E en van  de geslaagden voor radiotechnicus, n.L C. W . H. van Huijstee, Bilt- 
hoven, w erd bij het Bestuur van  het Ned. R adiogenootschap voorgedragen voor 
toekenning van de exam enprijs van het W E R A -fonds.

N IE U W E  L E D E N

Ir A. C. H. Borsboom, A lexanderlaan 17a, H ilversum . 
Ir A. Bijl, F rits R uysstraat 20B, Rotterdam  (O .).
Ir L. O ngkiehong, Lam arckhof 141, Am sterdam  (O .). 
Ir T . Poorter, P ieter H uyssensw eg 20, E indhoven.
Ir G. Radstake, Piet H einstraat 21, Den H aag.
Dipl. Ing. J. L. Roulet, H ertesprong 18, E indhoven.
Ir L. G. W ubben , De B azelstraat 17, E indhoven.

N IE U W E  A D R E S S E N  V A N  L E D E N

Ir P. L. M. van Berkel, F latgebouw  „H oornb rug”, app. 57, Rijswijk. 
Ir J. D avidse, A nna P au low nastraat IA, E indhoven.
L. A. M. van  E ynatten , G raaf H endrik de D erdelaan 79c, Breda.
Ir G. Franken, V eenendaalkade 104, Den H aag.
Dipl. Ing. J. H ckner, Snelliuslaan 47, H ilversum .
Ir H. H. Heerom a, M iddelweg 7, W assenaar.
Ir L. H. H ovenkam p, Laan v. M e^rdervoort 1630, Den H aag.
Ir B. F. Jürgens, Bloem endaalseweg 142, Bloemendaal.
Ir L. A. W . v. d. Lek, Laan van  N ieuw  O ost Einde 152, V oorburg . 
Ir W . F. N jio, Snelliuslaan 77, H ilversum .
D r F. L. Stum pers, Pasteurlaan  14, E indhoven.
Ir J. O . W olthu is, W illem  de Z w ijgerlaan 9, V oorschoten.


