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S U M M A R Y

A  sh o rt d esc rip tio n  is given o f the  m ag n etic  reco rd in g  m ethod  in g en e­
ra l, an d  som e d e ta ils  a re  tre a te d  m ore e lab o rou sly . F o r  the u n d e rs ta n d in g  
o f the  h.f. b iasin g  m ethod  use is m ade o f a sim plified h y ste re s is  cu rve. 
In th is w a y  an  ex p lan a tio n  can  be given o f som e o f the  p ecu lia ritie s  m et 
in the  reco rd in g  an d  erasing .

T he re c o rd e d  signal is a tte n u a te d  by  the d em agn etiz in g  field, an d  d u rin g  
rep ro d u c tio n  n o t all the flux in the ta p e  is rep ro d u ced . T h is is tre a te d  
fo r sh o rt, long an d  in te rm ed ia te  w av e len g th s .

F in a lly , th e  fa c to rs  a re  su rv ey ed  w h ich  influence d is to rtio n , freq u en cy  
response , noise an d  p r in t effect.

1. Introduction .

The developm ent in recen t y e a r s  o f the m agnetic recording 
system , invented  in 1898 b y  Poulsen , has led  to a  system  th at 
is h igh ly re liab le , simple in operation , and o f an excellen t sound- 
q u ality . I t  is th ere fo re  not surprisin g  th a t it has reach ed  an 
outstanding p lace am ong the existin g  sound-recording system s.

The p h ysica l p rocesses in vo lved  are  not a lw a y s  so sim ple, 
e sp ec ia lly  in the record in g  p rocess itse lf. In  the su rv e y  th at 
fo llo w s w e  sh all not go into a ll the d eta ils  o f these p ro cesses, 
but give w h ere  n e c e ssa ry  a  schem atic rep resen tatio n  th at sim ­
plifies understanding.

A  m agnetic record in g  system  is in principle m ade up o f a  
m agnetizable medium (e.g. tape), a  recording- and a reproducing 
head. In the record ing head  a  m agnetic field is excited  b y  the
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record in g  current, and the tap e is m oved w ith  uniform  ve lo c ity  
through this field. In  this w a y  the v a ria tio n s  o f the e lectric  
cu rren t w ith  time are  con verted  into a v a ry in g  m agnetization  
along the tape. In  reproducing, the tap e  is led  w ith  the sam e

F i g . 1.
S ch em atic  re p re se n ta tio n  o f a ta p e -re c o rd e r.

v e lo c ity  along a  reproducin g head w h ere  the v a ry in g  m agnetic 
flux in troduces vo lta g es  th at can be am plified and give rise  to 
a  sign al th at, i f  the a p p a ra tu s  is functioning w ell, is equ al to 
the orig in al signal.

A  schem atic rep resen tatio n  o f a  tape re co rd e r is depicted  in 
fig. 1. The tap e , d riven  along b y  the cap stan  A  and the p ressu re  
id ler R,  p asses, on its w a y  from  the supply re e l M x, to the 
take-up  re e l M 3, three m agnetic h e a d s : the erasin g  head K Jf 
w  hich e ra se s  w h a t m ay h ave been reco rd ed  on the tape p re ­
v io u sly ; the record in g  h ead  and the reproducing head  K 3.

F ig . 2 g ives a  schem atic construction  o f a  m agnetic head. I t

S chem atic  co n stru c tio n  o f a 
tions o f tap e  an d  gap  fo r

F ig . 2.
m agnetic  head  (a), w ith  re la tiv e  p ro p o r- 
a  reco rd in g  o r re p ro d u c in g  h ead  (b).
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con sists o f a h igh-perm eable m agnetic core in terru p ted  b y  a 
non-m agnetic gap . The d ifferen ces b etw een  erasin g-, record in g- 
and reproducing head  a re  to be found m ainly in the dim ensions 
o f the gap.

The m agnetic record in g  medium is m oved along the gap . U su a lly  
it con sists o f a p la stic  b ase , 40 fi thick, co vered  w ith  a  m ag­
netic coating o f 1 5 The coercive  fo rce  o f the m agnetic m ate­
r ia l is ab ou t 250 O e rste d , and its  rem anence 600 G a u ss .

O n e o f the difficulties w ith  the in vestigatio n  o f the m agnetic 
record in g  process is th at, although the record in g  and the re p ro ­
ducing p rocess are  r e a l ly  w e ll sep a ra te d , the in term ediate resu lt, 
the reco rd ed  tape, cannot be exam ined independently . T h is is 
d ifferen t from  the situ ation  w ith  gram ophone or sound film, 
w h ere  the in -betw een  re su lt  can be exam ined optically .

2 . The recording process.

T w o  points are  o f sp ecia l im portance h e re :
1. the attain m en t o f a  lin ear re lation sh ip  b etw een  the 

curren t in the record in g  head  and the resu ltin g  m ag­
netization o f the t a p e ;

2 . the record in g  o f as  w id e  a  freq u en cy  ran ge as p o ssi­
ble.

A s  to the first  point, w e  sh a ll assum e a lin ear re lation sh ip  
b etw een  the field in the record in g  gap  and the cu rren t in the 
coil o f the record in g  head. (T h is im plies th a t no sa tu ratio n  
occurs in the core m ateria l). The tape m oves through the s tra y  
field o f the record in g  gap. In  doing so a p artic le  o f the tape 
experien ces a  field th at, assum ing th at the gap-field  rem ains 
constant, in creases from  zero to a maximum valu e  w hen the 
p artic le  is e x a c tly  in fro n t o f the gap, and then d ecreases again . 
The maximum valu e  experienced  is a  m easure fo r  the m agne­
tization  brought ab ou t in the tape. T o  m ake the re lation sh ip  
lin ear tw o  m ethods e x is t :

a. the d.c. b iasin g  m ethod;
b. the a.c. b iasing m ethod.

The main im portance o f the fo rm er m ethod is th a t it can be 
re a d ily  understood. The second m ethod is used in p ractice , but 
is much more difficult to un d erstan d . H ere  a  h igh-frequency 
cu rren t is superim posed on the curren t to be reco rd ed , w h ile  
care  has been taken  th a t the tap e is m agn etica lly  n eu tra l w hen  
it reach es the record in g  gap.
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A n  e n tire ly  s a t is fa c to ry  exp lan ation  o f the lin earizatio n  p ro ­

cess h as not y e t  been given, and w ill be v e r y  difficult to g ive 
be cause o f the com plexity  o f the phenom enon. W e  sh a ll give 
here a sim plified rep resen tatio n  b a se d  on the con sid eration s o f 
T o o m i n  and W i l d f e u e r  [1]. T h is sim plification re la te s  to 
the m agn etization -curve w hich w e  sh a ll suppose to con sist o f

tw o  steep  irre v e rs ib le  bran ch es

Sim plified  m ag n etiza tio n  cu rve  
(B C D F )  w ith  m inor h y ste re s is  

loop (B 'C 'D 'F ') .

(CD  and F B  in fig. 3) connected 
b y  less steep  re v e rs ib le  bran ches. 
T h e slope o f the la tte r  c o rre s­
ponds to the in itia l perm eab ility .

S ta rt in g  from  the dem agneti­
zed sta te , an ap p lied  m agnetic 
field w ill cause the m agn etiza­
tion a t  first to fo llo w  the r e ­
versib le  branch  0  A . A f t e r  A  is 
reach ed  the m agnetization  w ill  
fu rth er fo llo w  the ir re v e rs ib le  
bran ch . W h e n  the m agnetic field 
s ta rts  to d ecrease  a fte r  the m ag­
netization  has reach ed  B ", the 
la t te r  w ill from  then on fo llo w  
the re v e rs ib le  b ran ch  B " C " .

Su ppose now  th at the re c o r­
ding h ead  is fed  w ith  a  su p er­

position  o f a  d irect and an a.c. b iasin g  current, and th a t the 
am plitude o f the la t te r  is such th a t in fro n t o f the gap  the 
field am plitude su rp asses  the coercive  fo rce  o f the tape. In  
ap p roach in g  the gap  a  p artic le  o f the tap e  w ill experience 
a  g ro w in g  field am plitude until in fro n t o f the gap  it tra v e rse s  
a  loop as is, fo r  exam ple, depicted  b y  the loop F '  B ' C  D \  T h is 
loop is sh ifted  w ith  re sp e c t to the origin because o f the 
d irect com ponent. A f t e r  lea v in g  the fro n t o f the gap the field 
exp erien ced  b y  the p artic le  d ecreases. A t  a  certa in  moment 
it h as d ecreased  so fa r  th a t the am plitude o f the a.c . field 
equ als H crt and from  then on the m agnetization  fo llo w s the 
re v e rs ib le  b ran ch  B ” C". A f t e r  the p artic le  has le ft  the re c o r­
ding head  its m agnetic sta te  is rep resen ted  b y  R". The position  
o f B" C" correspon d s to a  d isp lacem en t o f A  a lon g B F  in a c ­
cordan ce w ith  the app lied  d.c. field .S'. S in ce B F  is a s tra ig h t 
line the rem anence R "  is s t r ic t ly  p ro p o rtio n a l to vS. This is w h a t 
w a s  m eant to be obtain ed  b y  the ap p licatio n  o f the d.c. b ias.
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D  uring the p a ssa g e  o f the gap  the d.c. field experien ced  b y  

the tap e  v a r ie s  in the sam e w a y  as the a.c. b iasin g  field. I f  
it be a sk ed  w h a t  d.c. field is decisive  fo r  the reco rd ed  signal, 
the a n sw e r  m ust be th a t it  is the field th a t ex ists  a t  the moment 
th a t the m inor h y ste re s is  loop ju s t  c loses, th a t is i f  the tape 
has tra v e lle d  such a  d istan ce p a s t  the record in g  gap  th at the 
am plitude o f the a.c. field equals H cr.

W ith  the sim plified rep resen tatio n  g iven  ab o v e , the q u a lita ­
tive  b eh av io u r o f the cu rves o f output and d istortion  v e rsu s  
b iasin g  cu rren t m ay  be exp lain ed . M o re o v e r  it m ay  be exten ­
ded if  w e  suppose the m agnetic m a te ria l not to be b u ilt up 
ot dom ains each h avin g  the sam e rec tilin ear h y ste res is  loop, bu t 
o f dom ains the coercive  fo rces o f w hich  are  sca tte re d  around a  
certa in  m ean valu e. The p icture is then no lon ger v e r y  a c a d e ­
m ical, but resem b les to a  certa in  degree the p h y sica l p icture 
th a t can be m ade o f a  m agnetic m ateria l.

The consequence o f this extension , and o f the fa c t  th a t p artic le s  
d eep er in the tap e  experien ce a  sm aller s t r a y  field, is th a t 
the record in g  does not tak e  p lace  a t  a  fixed point but in a  
sm all a re a . The g re a te r  the sp read  in the coercive  fo rce  and 
the th ick er the tap e , the la rg e r  this a re a  w ill be. A s  a conse­
quence the in stan t o f record in g  is sp re a d  in time and, if  the 
sign al can no lon ger be re g a rd e d  as con stan t during the p a ssa g e  
o f the gap , a  kind o f a v e ra g e  o f the sign a l o ver a  period  o f 
time is reco rd ed . T o a ra p id ly  v a ry in g  signal this w ill m ean 
an atten u ation  and it sets an upper lim it to the h ighest f r e ­
q u en cy th at can be record ed . The m ore ra p id ly  the s tra y  field 
aroun d  the gap  fa lls  off, the sh o rte r the period  o ver w hich  is 
to be a v e ra g e d , and the sm aller the atten u atio n  o f the h igher 
frequencies. F rom  the ab ove  it fu rth e r fo llo w s th at the re p ro ­
duction o f the h igher frequen cies can be enhanced b y  m aking 
the sp re a d  in coervice fo rce  in the tap e as sm all as possib le , 
and b y  m aking the m agnetic coating thin.

3 . Erasing.

The erasin g  p rocess is e sse n tia lly  the sam e as the record in g  
p ro cess, ca rr ie d  out in absence o f a  d.c. current. The a.c. cu r­
ren t m ust be high in o rd er th a t sa tu ra tio n  in the tap e  can be 
reach ed .

The m agnetization  in the tap e  is brough t to zero b y  action  
o f the g ra d u a lly  d ecreasin g  a.c. field, w hen leav in g  the head. C a re
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m ust be tak en  th at the a.c. field d ecreases s lo w ly  since o th er­
w ise  a  rem anent m agnetization  m ay be brough t ab ou t th a t  is 
a  record in g  o f the a.c. field. T o  ap p rec ia te  this le t  us retu rn  
to our sim plified rep resen tatio n  o f fig. 3 . Su p p o se  th a t in one 
oscillation  o f the a.c. field B '  is reach ed , but th at the am plitude 
fa lls  off so ra p id ly  th at in the n ext h a lf  period  C" is no lon ger 
reach ed , then a  rem anent m agnetization  R " is brought about. 
A n  estim ation  can be m ade o f the rem anent m agnetization  in 
the m ost u n favo u rab le  case . In  o rd er th a t it be I R* the value

o f the a.c. field m ust h ave been I I cr +
I R"

tan a
, w h ile  h a lf  a  p e ­

riod  la te r  it w a s  H cr —
I R»

tan a
(a is the slope o f the ir re v e rs ib le

branch  of the m agnetization  curve). T hus A H  =  2 I R"
tan a

is the

d ecrease  o f the field in a time A t =   ( f  — freq u en cy  o f the2 f
a.c. field),

A H  A x  i
_ _  f / i r ' i  i  / - i  _w hence I R» — i  tan a

A  X  A t  2 f
In  o rd er to reduce the rem anent m agnetization  I R» a s  much

as possib le  a t  a given tape speed
A x  

A /
it is d esired  th a t the

freq u en cy  f  is high and the fa ll-o ff  o f the s t r a y  field around
A H

the g a p ,------ , sm all. The la t te r  is obtain ed  b y  su p p ly in g  the
A  x

erasin g  head  w ith  a  w id e  gap. T h is a lso  se rv e s  to le t the field 
p en etrate  the rem ote la y e rs  o f a th ick  coating.

F o r  the record in g  gap, w h ere  the sam e reason in g  holds,
A  H
------  m ust be high fo r  the record in g  o f the h igher frequen cies,
A x
as w e h ave seen, and a  reco rd in g  o f the b iasin g  cu rren t can 
be avo id ed  only b y  using a  high b iasin g  freq u en cy .

4 . Self-demagnetization.

O nce the m agnetization  has been brought ab ou t b y  the r e ­
cording head , the m agnetic s ta tes  o f ad jacen t p a rtic le s  influence 
each other. In  the case  o f longitud inal s in u so id al m agnetization,

x
s a y  B x — B Q sin 2 n — , a m agnetic field is g en erated  th at tends

A
to d ecrease  the m agnetization . F o r  a  tap e-th ick n ess d t sm all
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com pared to the w a v e len g th  X, this dem agnetizing field can be 
e a s ily  ca lcu lated . From  d iv  B  =  O it fo llo w s th a t a t  the su r­

face  o f the tape B y — —Ĵ B 0 cos 2 n — . O u tsid e  the tap e  the
X X

sinusoidal solution sa tis fy in g  the M a x w e ll  equations is :

H *  =  H  e
2TtyIX . x  

sin 2 7i —

— 2 Tty IX
Hy =  H a e COS 2 71

X

(The y-d irectio n  is the d irection  p erp en d icu lar to the plane o f 

the tape).
Since a t  the su rface  o f the tap e  the norm al com ponent o f the 
induction, and the longitudinal com ponent o f the field stren gth  
are  continuous, it fo llo w s th a t inside the tape the dem agnetizing 
field is given b y

n d  B 0H0 = -
!*o

F o r  sm aller w ave len g th  the dem agnetizing field is no longer 
con stan t o ver the th ickness o f the tape. A  calcu lation  [2], w hich 
w e sh a ll not reproduce here, sh ow s th at the dem agnetizing field 
has its maximum value in the centre o f the tape. The rem aining

-  d _ - _ L
tI f ________  jr _ / ƒ 1

1
a

t
T

\  1  
\  T

.1

0-6
inBn

04
03

t

F ig . 4b .
L o n g itu d in a l co m p on en t o f the  indu ctio n  in a tap e  o f p e rm eab ility  
/^ = 4 ;  a. ta p e  free  in space  b. ta p e  on one side (y — 0) in c o n ta c t

w ith  the h ead .
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m agnetization  is th ere fo re  con cen trated  n e a r the su rface  o f the 
tape. In fig. 4a  the re su lt  o f the calcu lation  is show n fo r  seve-

d
r a l  va lu es o f — , and fo r  a  tape w ith  a re la tiv e  p erm eab ility

X

P  =  4 -
W h e n  the tape is brought into con tact w ith  the soft-m agn e­

tic m ateria l o f the reprodu cin g  head, this form s a  m agnetic 
sh ort-circu it w hich d ecreases  the dem agnetizing field. The re su l­
ta n t m agnetization  fo r  this case  is show n in fig. 4b.

5 . Reproduction.

'W ’hen a  m agnetized tap e p asses  the reproducin g  head , p a rt  
o f the lines o f fo rce  leav in g  the tape find th e ir w a y  through 
the core o f the head  (fig. 5). The non-m agnetic gap  ta k e s  care  
th at these lines o f fo rce  p a ss  through the reproducin g  coil, in­
troducing in the la tte r  a  vo ltage  th at is p ro p o rtio n al to the 
ra te  o f change o f the flux.

F ig . 5.
R ep ro d u c in g  h ead  w ith  screen ing  (A ) in c o n ta c t w ith  
m agnetized  ta p e  (B ). T he lines o f fo rce  a re  in d ic a te d

sch em atica lly .
T h ree  cases can be d istin g u ish e d :

1. the w ave len g th  is o f the sam e o rd er o f m agnitude as 
the gap-length .

2 . the w ave len g th  is la rg e  com pared  to the gap-length  
but sm all com pared w ith  the dim ensions o f the head ,

3 . the w av e len g th  is o f the sam e o rd er as the dim ensions 
o f the head .

The second case  is the m ost sim ple one. I t  is seen from  fig. 
5 th at, p ro v id ed  the tap e  is in con tact w ith  the head, a ll lines 
o f fo rce  in the tap e  close through the core, and the reprod u ced
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flux equals the flux in the cro ss section o f the tape ju s t  ab ove  
the gap. I f  the tap e  is not in close co n tact w ith  the head, p a r t  
of the lines of fo rce w ill be lo st in the space b etw een  tape and 
head, and a t  the opposite side o f the tap e . T h is e ffect w ill be 
the m ore serious the sh o rte r  the w ave len g th , and it can be 
ca lcu la ted  [3] th a t the loss ow ing to this e ffect m ay be e x p re s­
sed as 55 al^ d B , w h ere  ^ is the spacin g  b etw een  h ead  and tap e .

W h e n  the w ave len g th  is o f the sam e o rd er as the gaplength ,

-e-r
f  *X 0 N»

**
" ^  —

p a r t  o f the lines o f fo rce w ill 
close in the gap, w ith o u t t r a ­
versin g  the coil o f the head 
(fig. 6). The fractio n  t r a v e r ­
sing the coil is to a  first appro-

sin n l/X
xim ation given b y

F ig . 6.
In d u ctio n  lines in the case th a t  the 
w av e len g th   ̂ is co m p arab le  w ith  the 

leng th  1 o f th e  gap.

71 l /X
The vo lta g e  on the re p ro ­
ducing coil is p ro p o rtio n al to

the freq u en cy  f  — V  and the 

output vo ltage  w ill be pro-
Zf

p o rtion a l to — sin n IjX . T h is

m eans th at a  tape reco rd ed  
w ith  a con stan t flux-am plitude w ill g ive rise  to a sin uso id al 
respon se curve. A  more rig id  ca lcu lation  [5] sh ow s th at the su cces­
sive m axim a o f the respon se curve are  not o f equ al height, but 
rise  2 d B /o ctave , and th at the first  zero occurs a t  / =  0,88 X 
(fig. 7). T h is re su lt  is in accord an ce w ith  m easurem ents [6], and 
is the b asis  fo r  the ca lib ra tio n  o f the reco rd ed  flux.

F o r  long w ave len g th  the h ead  is too sm all to p ick up in its 
en tire ty  the flux leav in g  the tap e . T h is is a g g ra v a te d  b y  the 
sh ielding th a t has to be p resen t in o rd e r to elim inate hum pickup. 
O n ly  the lines o f fo rce  leav in g  the tape o ver a length  equ al to the 
head-length  L  a re  p icked up and the rep ro d u ced  flux can be e st i­
m ated to be p rop ortio n al to

cos

L\ 2

o

=  2 sin
2 71 X r

I  — C O S
71 V



^
 I 

CN

10 W . K. Westmijze

Fig. 7.
C a lcu la ted  resp o n se  cu rve  fo r  sh o r t w av e len g th s .

F ig . 8 sh ow s th at the exp erim en tal re su lt  is in reaso n ab le  a g re e ­
m ent w ith  th is rough app roxim ation , minima occurring fo r

2,4 . . . , and m axim a fo r  — =  1 ,3  • •
X

. The undulations are

dam ped because the tran sitio n s a t  the edges are  not as sh arp  
as w a s  supposed  in the calcu lation .

I t  is seen from  the form ula th a t fo r  v e ry  long w ave len g h ts

the reprod u ced  flux is p ro p o rtio n a l to

20 d 8

0 «

t *2
e

4
0

25 50 m  200 400Hz (Ll2^nm/SeC)

05

1 l 1 |

/ "------- ■
l7 \ /

7

L/X
to 20

Fig. 8.
M e a su re d  re sp o n se  cu rv e  fo r long w av e len g th s .

6. Distortion.

H a v in g  now  con sidered  the fun dam en tal p rocesses se p a ra te ly
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w e w il l  re v ie w  the predom inant p ro p erties  o f the system  as a 
w h ole.

D isto rtio n , or n on -lin earity  b etw een  output and inputsignal, 
occurs in p a rtic u la r  in the record in g , and  w e have pointed 
out the m ethod to elim inate it. I t  should be borne in mind, 
h o w ev er, th a t it is difficult to a rr iv e  a t  a  sufficient b iasin g  
fie ld stren gth  d eeper in the tap e , since the s t r a y  field of the 
gap  d ecreases  ra p id ly  w  th d istance. T h ere fo re  some degree 
o f d istortion  fo r  the d eep er la y e rs  o f the tape cannot a lw a y s  
be avo id ed .

The dem agnetizing field in the tape can also  introduce d is­
tortion . T o sh ow  this w e  re fe r  to 
fig. 9 . T he m agnetization  g ives rise  
to a  dem agnetizing field th at is 
p ro p o rtio n al to the m agnetization, 
and th a t can be rep resen ted  th ere­
fo re  b y  line I or I I ,  depending on 
w h eth er a lon ger or a  sh o rter 
w av e len g th  w a s  record ed . In  the 
first case a  m agnetization  R  w ill 
be brou gh t dow n to R 0 on the 
re v e rs ib le  bran ch  b y  the dem agne­
tizing field. In  the second case, 
ho w e v e r, the m agnetization  is 
brought d ow n  to the point D" on 
the irre v e rs ib le  branch  and w hen 
p assin g  o ver the reproducin g  head, 
w ill not re tu rn  to R ,  but to R ".

Fig. 9
M a g n e tiz a tio n  cu rve  w ith  d e ­
m ag n etiza tio n -lin e  fo r a lo n g er 
( I )  an d  a  s h o r te r ( I I )  w av e len g th .

T his m eans th a t fo r  la rg e r  sign als
the p eak s are  flattened.

I t  w ill be c le a r  th at the lo w e r  the coercive  fo rce  o f the 
tap e  the soon er this d istortion  occurs. F o r  the reco rd in g  o f 
sh ort w ave len g th s a  high coercive fo rce  is d esired .

7 . Frequency response.

T he lo sses in a  reco rd in g  system  m ay be d ivid ed  into tw o  
categories. In the first  p lace those th a t a re  a  d irect consequence 
o f freq u en cy, e.g. ed d y  cu rren t lo sses. M o re  im portant fo r  the 
m agnetic record in g  are  the lo sses fo r  w hich  the w ave len g th , or 
the ra tio  freq u en cy  o ver tap e  speed , is a  m easure.

F o r  long w ave len g th s  it is o n ly  the reprodu cin g  head th at
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sets a  lim it to the reproduction . In  the case  o f sh o rt w ave len g th s 
h o w ever, w avelen gth -d ep en d en t lo sses  occur in a ll th ree p h ases 
o f the p rocess. The lo sses a t  the record in g  side, introduced 
b y  the finite a re a  o ver w hich  the record in g  ta k e s  p lace , belong 
to this c a te g o ry . S o  do the lo sses  cau sed  b y  the fa c t  th a t the 
audio sign al changes during the ac tu a l record ing.

The dem agnetizing field in the tap e  is only dependent on 
w ave len g th . The lo sses cau sed  b y  this dem agnetizing field are  
the m ore serious the h igher the p erm eab ility  o f the tap e , since 
the change in induction cau sed  b y  equ al fields is h igher in the 
case  o f a  high p erm eab ility . F o r  the rep ro d u ctio n  o f sh ort 
w ave len g th s a  lo w  re v e rs ib le  p erm eab ility  is d esired .

A t  the reprod u cin g  side, as w e h ave seen, the finite gap-len gth , 
and a  spacin g  b etw een  tap e  and head, introduce lo sses . The 
spacing b etw een  tap e  and head  can be cau sed  b y  rough su r­
face  o f the tape, o r d irt on the head, e.g. from  m ateria l a b ra d e d  
from  the tap e .

The lo sses cau sed  by  the fa c to rs  m entioned ab o ve  can, a t  a  
g iven  tap e  speed, be p a r t ly  re sto re d  b y  correctin g  n e tw o rk s  in 
record in g  and reproducin g am plifiers. The p ossib ilities  a re , h o w ever, 
lim ited. O n  the record in g  side becau se  o f o v e rlo a d  o f the tap e , 
and on the reprodu cin g  side b y  noise. In  norm al p ractice  w a v e ­
lengths are  reco rd ed  dow n to ab ou t io  /u.

8. Noise.

L ik e  e v e ry  record in g  system , the m agnetic too is afflicted 
w ith  inherent noise. In  the first p lace  record in g-, b ias- and 
reproducin g-am plifier m ust be free  o f noise. D ifficu lt though 
this ta sk  m ay be in p ractice , it is not o f a  fu n d am en tal n ature.

The fu n d am en tal noise is th a t g en erated  b y  the g ra in y  stru ctu re  
o f the m agnetic m ateria l. F ig  10 sh o w s an  electron-m icroscop ic 
ph otograph  o f the p artic le s  y F e2 0 3 m aking up a  coating. The 
size o f these p a rtic le s  is ab o u t 0 , 5 X 0 , 1 [jl. A t  a  tap e  speed 
o f 0 ,76 m/sec, ab ou t IO12 p a rtic le s  a  second p ass  the head . A  
rough estim ation  o f the noise in a  b an d w id th  o f IO4 H z sh o w s

th a t this is 1 IO 8 or 80 d B  b e lo w  satu ratio n  leve l, corresponding 
to ab ou t 7°  d B  b e lo w  maximum sign al leve l. T h is is, in effect, 
the o rd er o f m agnitude o f the noise m easu red  on a  dem agneti­
zed tape.

I f  the tap e  is m agnetized the noise a p p e a rs  to be much higher.
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Since the rise  of the noise is s tr ic tly  re lated  to th e presence 
o f a m odulation, it is called  „m odulation  noise” .

Th e origin  of th i s noise is a fluctuation o f the sen sitiv ity  o f 
the tape, caused lo r instance by an irre g u la r  d istribution  of 
the m agnetic p artic les , or by  th ick n ess-variatio n s ol the coating. 
A  fluctuation  ol 1 °/0 in the num ber ol m agnetized p artic le s

F ig . 10.
E lec tro n -m ic ro sco p ic  p h o to g rap h  [of iron oxvde p a rtic le s  o f a m agnetic  tape

passing the head w ill give rise to a m odulation noise o f 40 d B  
belo w  signal, which correspon d s to the figure m easured in p ra c ­
tice. F o r  norm al noise such a  figure w ould  be in to lerab le , but 
in th e case o f m odulation noise w e m eet the lo rtu n ate  circum ­
stance th a t the noise is p a r t ly  m asked b y  the signal. C a re  
m ust be taken , th erefo re , th at an in fra- or u ltra -aco u stica l 
sign al is not record ed , e.g. a  d.c. signal or the h.f. b ias. In 
th is case a noise w ou  Id be n erated  th at is not m asked by 
an audib le signal, and w ould  th erefo re  be v e ry  troublesom e in 
silen t p assag es  ol the reco rd ing.

9 . Print-effect.

I t  w a s  feared  at first th at 11 li m agnetic recording w ere  stored
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fo r  a  co n sid erab le  time, somethin» m ight be lost o f th e recor- 
ded m agnetization. T his fear , h o w ever, has not been confirm ed, 
provided th at the tap e is not exposed  to strong m agnetic fields.

M o re  serious is that, on the c o n tra ry , some th ing is a dded 
to the record in g  on a stored  reel, nam ely a w e a k  co p y  ol the 
m agnetization stored  on the next la y e r  of the reel. T h is is 
brought abou t b y  the w e a k  field originating in this la y e r , w hich, 
although much w e a k e r  than th e coercive fo rce, on the 1 ong run 
is cap ab le  of effecting a rem anent m agnetization.

A t  a given induction B Q in a la y e r  the field a t  a d istan ce 
A  in the a d jacen t la y e r  m ay be ca lcu lated  as

Mo H  =
ji d B  - 2 . t A  /;.

e
X

A s  a function ol the w ave len g th  X this field has l\ maximum 
value fo r  X =  2 n A . F o r  a tap e-th ick n ess A =  55 an d a tape 
speed o f 0.76 m/sec this co rresp o n d s to a freq u en cy  f  — 2300 Hz. 
The corresponding fieldstren gth  in case th at B 0 =  80 G a u ss , is 
abou t 5 O e rste d .

Fig . 11.
M e a su re d  p rin ted  flux as a function  ot the d u ra tio n

of the influence.

E v en  w ith  a coercive force of the tape o f 250 O e rste d  this 
held g ives rise to a m agnetization th at in creases lo g arith m ica l­
ly  w ith  time (fig. 11). The exp lan ation  fo r  this p rin t-e ffect must 
be th at in m agnetic dom ains w h ere  the lo ca l coercive force is 
sm all, the d irection  o f m agnetization  is changed under the com ­
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bined action  o f the sm all d istu rb in g  field, and the th erm al a g i­
tation .

T h is p rin tin g  is sp e c ia lly  troublesom e w h en  during a  silen t 
p a ssa g e  it g ives a  pre-echo o f a  fortissim o th a t is to fo llo w . 
M o s t  m odern tap es, h o w ever, h ave  a  p rin t-e ffect not exceeding 
— 55 d B  as  com pared  to the printing signal.
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S U M M A R Y

T he q u a lity  o f m agnetic  reco rd in g  is d e te rm in ed  to a g re a t ex ten t b y  
e lec tro -m ech an ica l design  o f the  ta p e -d riv e  m echanism . T he  ta sk  o f th is 
m echanism  is to m ake th e  tap e  ru n  w ith  a c o n s ta n t speed  an d  in in tim a te  
c o n ta c t w ith  the m agnetic  h ead s.

I t  d ep en d s on the c o n s tru c tio n a l d e ta ils  h o w  fa r  th is ta sk  is fulfilled. 
T his a rtic le  deals  w ith  the  v a rio u s  fa c to rs  w h ich  h ave  to be ta k e n  in to  
acco u n t w h en  design ing  m agnetic  reco rd e rs .

Introduction.

The first p ro p o sa ls  as re g a rd s  the ap p licatio n  o f m agnetism  
fo r  sound record in g  w e re  m ade la s t  cen tu ry  [1]. The first  w o r ­
king m odel w a s  designed b y  the D an ish  p h ysic ist V  a 1 d e m a r  
P o u l s e n  [2] ;  his “ T e legrap h o n ” w a s  one o f the sen sation s a t  
the W^orld E xh ib itio n  in P a r is  in 1900 w h ere  it w on the “ G ra n d  
P r ix ” . The construction  o f this first m agnetic re co rd e r sh ow ed  
much resem blance w ith  the “ P h o n o g rap h ”  ol E d iso n ; it con sis­
ted  o f a cy lin d er ro ta tin g  w ith  con stan t speed, and w ith  steel 
w ire  sp ira lized  round its p erip h ery . The m agnetic h ead  rested  
on the w ire  and w a s  guided b y  it. The lin ear speed  o f the 
w ire  w a s  ab ou t So in./s (2 m/s), and the reco rd ed  freq u en cy  range 
w a s  ab ou t 2000 c/s.

In  sp ite o f its in itia l successes in G e rm a n y  and in the U .S .A .,  
the “ T e le g ra p h o n ” could not com pete w ith  the m echanical sound­
record in g  m ethods; it w a s  not until the problem  o f electron ic 
am plification had  been so lved  th at the developm ent w a s  tak en  
up again .

D u rin g  and a fte r  the first w o rld  w a r , the U n ited  S ta te s  
N a v y  did some re se a rch  w o rk  on m agnetic record in g  and in 
1921, A .C .-b ia s in g  w a s  a lre a d y  being used [3]. C u rio u sly  enough,

*) N .V . P h ilip s  G lo e ilam p en fab riek en , E in d h o v en , N e th e r la n d s .
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it  w a s  not until 20 y e a r s  la te r  th at A .C .-b ia s in g  en tered  into 
in d u stry , th ereb y  sta rtin g  the developm ent o f m agnetic reco rd ers  
in th e ir p resen t form .

B e tw e e n  the tw o  w o rld  w a rs , G erm an  design ers w o rk e d  in ­
ten sive ly  on the im provem ent and fu rth e r developm ent o f r e ­
co rd ers using m agnetic stee l-w ire , steel-tap e  and la te r  a lso  p la s ­
tic-tap e . The invention o f the rin g-sh aped  m agnetic head [4] and 
the developm ent o f m agnetic tap e  on p la stic  base [5] w e re  im^ 
p o rtan t mile stones. In  conjunction w ith  efficiently con stru cted  
tap e-d rive  m echanism s, th ey  en ab led  the first  com m ercial tape- 
re c o rd e r to be d em on strated  a t  the B e r lin  R a d io  S h o w  in 1935. 
T h is “ M agn etop h on ^  a lre a d y  p o ssessed  m ost o f the fe a tu re s  
o f m odern tap e  reco rd ers , w ith  the exception  o f A .C .-b ia s in g  
w hich , w hen  it w a s  in troduced  in 1940 [6], so im proved the 
q u a lity  o f m agnetic record in g  th a t it henceforth  su rp assed  b y  
fa r  a ll o th er sound-record ing system s.

The recording medium.

D  ecisive fo r  the construction  o f m agnetic re co rd e rs  are  in 
the first p lace  the p h ysica l p ro p erties  o f the record in g  medium. 
The stee l w ire  and stee l tap e  used in the beginning w e re  soon 
su p ersed ed  b y  p la stic  tap e , although w ire  re co rd e rs  a re  still 
used  fo r  some sp ec ia l pu rposes.

The i/4  in. m agnetic tape m ostly  used n o w a d a y s  consists o f a  
ba  se o f p o lyv in ylch lo rid e , cellu lose ace ta te  or p o ly e ste rs , 20-50 juin 
th ick and coated  w ith  iron oxide (y — Fe^ 0 3). The th ickness o f 
the d ifferen t m akes o f co ated  m agnetic tape v a r ie s  b etw een  30 
and 60 jum and th eir stren gth , elongation  and ease  o f handling 
v a r y  accord in g ly . The first ta sk  o f the drivin g  m echanism  o f 
m agnetic reco rd ers  is to ensure th at a ll k inds o f tape w ill run
sm oothly and re lia b ly  in the m achine w ith o u t m echanical d e fo r­
m ation.

Tape speed.

The design  o f the ta p e -d riv e  m echanism  depends la rg e ly  on 
the ad o p ted  tape speed . F iv e  speeds h ave been stan d ard ized  
in te rn a tio n a lly : 30, 1 5, 7\> 3-3/4 or l -7/% in./s. (76.2 — 38 .1 — 
I 9 .°5  — 9.53 — 4.76 cm/s), each tap e  speed being h a lf  the fo re- 
going.

The speeds o f 30 and 15  in./s are  used  exc lu siv e ly  in p ro fe s ­
sion al reco rd ers  ; in./s is used  as a  S e c o n d a ry  S ta n d a rd , in
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the p ro fessio n a l field as w e ll as in sem i-p ro fession al and in 
h igh -qu ality  home reco rd ers . A t  p resen t, the speeds o f 3-3/4 an<3 
1.7/8 in./sec. are  intended esp ec ia lly  fo r  norm al home reco rd ers.

T h is re la t iv e ly  la rg e  num ber o f tap e  speeds soon crea ted  a 
dem and fo r  m ulti-speed reco rd ers. N o w a d a y s , m ost p ro fess io ­
n al reco rd ers  are  m ade fo r  tap e  speeds o f 3 °  an d * S in*/s or 
o f 15  and 7?y in ./s; n on -p ro fession al reco rd ers  fo r  tw o  or even 
three tap e  speeds. In  p ro fessio n a l reco rd ers, the speed is chan­
ged e le c tr ic a lly  b y  sw itch in g  the num ber o f poles o f the drivin g  
m oto r; in home reco rd ers  it is g e n e ra lly  changed b y  m echanical 

m eans.

Tape transport.

H o w e v e r  d ifferen t the constructions o f the vario u s tap e-d rive  
m echanism s m ay be, th e y  a ll aim p rim a rily  a t  m aking the record in g  
medium run w ith  con stan t speed  and in intim ate con tact w ith  
the m agnetic heads. T. he tap e-d rive  m echanism  a lso  has to fu l­
fil quite a  num ber o f seco n d ary  but no less im portan t dem ands, 
e .g . : sim ple and e a sy  operation , co rrect w inding o f the tape 
on the take-u p  spool, in stan tan eous stopping w ith o u t excessive  
stre ss  on the tape or form ation  o f loops, fa c ility  o f rap id  w inding 
and rew in d in g, sim ple location  o f a  g iven  p a ssa g e  on the tape 
w ith  the aid  o f a program m e in d icator, etc.

T o  sa t is fy  these dem ands, the basic  p ro fessio n a l design (fig . 1) 
uses three m oto rs: the driving, the su p p ly  and the ta k e -o ff 

m otors.
D u rin g  operation , the ru b b er p ressu re  ro lle r  8) is p ressed  ag a in st 

the cap stan  7) b y  w hich  it is d r iv e n ; the ru b b er ro lle r  in its 
turn  d rives  the tap e  b y  m eans o f the friction  existin g  b etw een  
ro lle r  and tap e , this friction  being much la rg e r  than  th at b e ­
tw een  cap stan  and tap e . E s s e n t ia lly  thus, the tap e  speed  is 
determ ined b y  the speed o f the cap stan . The supply spool 1)  
is fixed to the sh a ft  o f the su p p ly  m otor w hich  is c ircu ited  in 
such a w a y  th a t it exerts  on the tap e  a  force opposite to the 
d irection  o f tape t ra v e l (a rro w  in fig . 1). T h is fo rce  g ives the 
tape the n ecessary  tension to keep  it w e ll in con tact w ith  the 
erasin g , record in g  and p la y b a c k  h eads 3) 5) 6). I t  w ill be obvious 
th at to avo id  slip, this fo rce  m ust be sm all w ith  resp ect to 
th a t exerted  b y  the cap stan /p ressu re-ro lle r assem b ly .

The take-up  m otor supp lies the torque n e cessa ry  fo r  w inding 
the tap e  c o rre c t ly  on the take-u p  spool 1 1 ) ,  w hich  is fixed to
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the sh a ft o f its m otor. A  program m e in d icato r (time or fo o tage  
counter) 10 ) is coupled w ith  the right-hand guide ro ller. (9) 

D u rin g  rap id  w inding in e ith er d irection , the ru b b er p ressu re  
ro lle r  is lifted  from  the cap stan  (see dotted  line in fig. 1) , so 
th a t the tap e  runs free  from  both. A t  the sam e time a  p re ­
determ ined o v e rv o lta g e  is app lied  to e ith er the su p p ly  or the 
take-u p  m otor, depending on the d irection  in w hich the tape 
has to run, thus in creasin g  the torque o f the m otor in question  
and hence the tensile fo rce  on the tape. B y  m eans o f a circu it 
to be d escribed  la te r  on, it is po ssib le  to ad ju st both the speed 
and d irection  o f rap id  w inding w ith  o n ly  one control. A  tape 
lifte r  4) en ab les the tap e  to be lifted  from  the m agnetic heads

F ig . 1.
T ap e  tra n sp o rt.

1. S u p p ly  spool. 2. G uide ro ller. 3. E ra se  h ead . 4. T ap e  lifte r. 
5. R eco rd in g  h ead . 6. P la y -b a c k  h ead . 7. C a p s ta n . 8. R u b b e r  
p re ssu re  ro ller. 9. G uide ro ller. 10. T im e in d ica to r. 1 1. T a k e -u p  spool.

during ra p id  w inding, so as to minimize w e a r  o f the heads and 
a lso  o f the tape.

N o w a d a y s , m ost p ro fessio n a l and some sem i-profession al m ag­
netic re co rd e rs  are  equipped w ith  this th ree-m otor tape-d rive  
system . In  lo w er-p riced  home reco rd ers , only one m otor is u sed ; 
it not on ly d rives  the cap stan  but —1 v ia  a  m echanical link »—< 
it a lso  supplies the req u ired  en ergy  fo r  take-u p  and rap id  w inding. 
T hese reco rd ers  u su a lly  h ave o n ly  one m agnetic head fo r  both 
record in g  and p la y -b a c k  and a common record in g  and p la y -b a c k  
am plifier.
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Speed control.

The con sid erab le  num ber o f m oving p a rts  in m agnetic re c o r­
d ers and the p h y sica l p ro p erties  o f the tap e  — w hich , because 
o f its e la stic ity , is su b ject to length  v a r ia tio n s  — m ake con­
sta n c y  o f tape speed a  leadin g, a ll-im p o rtan t problem  o f the 
m echanical design.

V a r ia t io n s  in the speed w ith  w hich  the record in g  medium 
p asses  o ver the record in g  and the p la y b a c k  h ead s w ill re su lt 
in undesired  freq u en cy  v a ria tio n s  during p la y b a c k . T hese f r e ­
qu ency v a ria tio n s  can be cyclic  i f  th ey  are  caused , fo r  exam ple, 
b y  the eccen tric ity  o f ro ta tin g  p a rts , or com plex if  the tap e  is 
sub ject to v a ry in g  elongation, e.g. due to unequal tensile  fo rce .

The p h ysica l m agnitudes o f speed  i.e. freq u en cy  varia tio n s, 
a re  exp ressed  in the rm s or p eak -to -p eak  d eviatio n  o f e ith er 
the speed or the freq u en cy . W h e n  the tape speed v  is su b ject 
to varia tio n s A  v, then the p ercen tage  o f speed or freq u en cy  
d eviatio n  i s :

A v  A  ƒ  0/
cp =  -------  IOO /o=~ IO O %  .

v  f

W h e n  the speed v aria tio n  is caused b y  the eccen tric ity  e o f 
the cap stan  w ith  the rad iu s r, then the p e a k -to -p ea k  d eviation

(fig. 2) i s :
A  v  n/ 2e

cp = ---- 100% = —  100% .
v  r

From  this equation  it can 
be seen th a t fo r  a given ec­
cen tric ity  the p eak -to -p eak  
d eviation  in creases as the 
d iam eter o f the cap stan  
d ecreases. C o n se q u e n tly ,.—- 
a lth o u gh as w ill be exp la in ed  
la te r  on, a cap stan  w ith  a  
sm all d iam eter o ffers con­
stru ction al a d v a n ta g e s  — 
the d iam eter cannot be r e ­

duced a t  w ill, this reduction  being lim ited b y  the adm issib le  
v a ria tio n s  o f speed  and b y  the precision  w hich can be ach ieved  
in the m anufacture o f the cap stan .

W h  en the speed v aria tio n  is caused  b y  v a ria tio n s  in the 
elongation  o f the tape due to a  non-constant tensile  fo rce  ^
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and if  th is fo rce  v a r ie s  sin u so id ally  w ith  an am plitude a Z 0 
(ZQ =  con stan t p a r t  o f the tensile  fo rce), then Z  =  Z Q ( i +  a sin 
co t) (fig. 2) and the m agnitude o f the p eak -to -p eak  d eviation  i s :

a Z 0L  

v  q E

in w hich  L  is the d istan ce b etw een  the cap stan  and the head, 
v  the ra te d  tap e  speed, q the cross-section  and E  the m odulus 
o f e la st ic ity  o f the tap e .

From  this equation  it w ill be seen th a t the m agnitude o f the 
v a ria tio n  o f speed  is p ro p o rtio n a l to the d istan ce b etw een  cap ­
stan and m agnetic h ead  and in v e rse ly  p ro p o rtio n a l to the ra te d  
speed  and the cro ss-sectio n  and m odulus o f e la st ic ity  o f the tap e . 
C o n seq u en tly , the aim w hen designing m agnetic reco rd ers  should 
be to m ake the d istan ce b etw een  p la y b a c k  head  and cap stan  
as sm all as p o ssib le , w h ils t  it should be tak en  into account 
th a t lo w e r  speed s and thin tap e  m ake the speed  v a ria tio n s  in­
crease .

A s  re g a rd s  the freq u en cy  o f the speed v a ria tio n s , a  d istin c­
tion is m ade b etw een  “ d r ift ” , “ w o w ”  and “ flu tter” .

The term  “ d r ift ”  is n o rm ally  used fo r  s lo w  d eviatio n s o f speed  
w hich  m ay be u n d irection al or w hich, i f  cyclic , occur a t  f r e ­
quencies b e lo w  ab ou t O.l cycles p e r second.

The term  “ w o w ”  is n o rm ally  used to re fe r  to u ndesired  v a ­
riatio n s o f speed and freq u en cy  w hich  can be recognized as 
changes o f p itch, i.e. those occurring a t  freq uen cies b e lo w  ab ou t 
IO cyc les  p er second.

The term  „flu tte r”  is n o rm ally  used to re fe r  to v a r ia tio n s  
th a t  are  too high to be recognized  as change o f p itch, i.e. ab o ve  
ab ou t 10 -20  cycles p e r  second.

W h ils t  “ d r ift ”  to a  valu e  o f i  2°/0 is not anno3ring to p e r­
sons w ith  norm al h earin g, “ w o w  and flu tte r”  h ave — d ep en ­
ding on the freq u en cy  a t  w hich  it  occurs — a  m ore or less 
annoying p sych o lo g ica l effect. G e n e ra lly  speak in g , a  p ercen tage 
o f “ w o w  and flu tter”  up to a p eak -to -p ea k  va lu e  o f l°/0 is 
to le ra b le ; from  O .l°/0 d o w n w a rd s  the e ffect is im perceptib le . 
H  o w ev er, this is o n ly  a  rough app roxim ation , since the freq u en ­
cy  a t  w hich  „ w o w  and flu tter”  occur la rg e ly  determ ines the 
exten t o f p ercep tib ility .

F o r  p ro fess io n a l m agnetic re co rd ers , a  “ d r ift ”  o f +  o ,2°/0 and 
“ w o w  and flu tter”  o f o ,2°/0 p eak -to -p ea k  are  considered  as  a d ­
m issible ; fo r  home re co rd e rs  these va lu e s  are  — depending on the
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q u ality  c la ss  -  m ax. ±  2°/0 fo r “ d r ift "  and upto 1 %  peak-to- 
p eak  fo r  „ w o w  and flu tte r".

In  this connection it should be rem arked  th at, due to the 
lack o f stan d ard izatio n  o f the m easuring m ethods, the va lu es 
fo r “ w o w  and flu tter" as published b y  the m an ufacturers are  
not a lw a y s  com parab le .

Capstan drive.

O ne o f the most im portant fa c to rs  in obtain ing un iform ity  
o f tape motion is the design  o f the cap stan  d rive , w hich is 
used a lm ost u n iversa lly  in m agnetic reco rd ers . The re la t iv e ly  
high speed  o f the capstan  m akes fo r a  re la t iv e ly  g re a t  en ergy  
sto rag e  in the flyw h eel, w hich is n orm ally  a ttach ed  rig id ly  to 
the cap stan . The ru b b er p ressu re  ro lle r  w hich  n orm ally  is su b­
sta n tia lly  w id e r than the tape, is a  fa ir ly  simple m eans of t ra n s ­
m itting the motion o f the cap stan  to the tap e . I t  w ill be obvious th at 
the uniform  an g u lar v e lo c ity  o f the cap stan  and — as exp lain ed  
ab ove  — its eccen tric ity , la rg e ly  determ ines the con stan cy of 
the tap e  speed. The moment o f in ertia  and the speed of the 
cap stan  fly  w h eel unit are  em inent design fa c t o r s ; th ey  depend 
on the adopted  tap e  speed, the d iam eter of the cap stan , the 
bearing, the adm issib le w eigh t and the requ ired  sta rtin g  time. 
The lo w er the tape speed, and the sm aller the chosen d iam eter 
o f the capstan , the more difficult it is to m aintain  the to le ra n ­
ces o f “ w o w  and flu tte r".

The ru b b er p ressu re  ro lle r  is requ ired  to run ligh tly  on its 
ax le  and also  to be reaso n ab le  free  o f eccen tric ity , o th erw ise  
the cap stan  w ould  be loaded  too h eav ily  or unequally . A s  the 
ru b b er su rface  o f the ro lle r  is deform ed b y  the p ressu re  w ith  
w hich it b e a rs  ag a in st the cap stan  the su rface  speed  of the 
ru b b er changes a t  the p lace w h ere  the ro lle r  is in con tact w ith  
the cap stan . T h is “ c re e p a g e " of the ru b b er a ffects  to some exten t 
the speed o f the tape and m ay cause d rift. The h a rd e r the 
ru b b er, the sligh ter this effect w ill be, but the sm aller w ill 
a lso  be the friction  betw een  cap stan  and ru b b er, resu ltin g  in 
an in creased  risk  of slip. The h ard n ess and the friction  coeffi­
cient o f the ru b b er, as w e ll as the p ressu re  b etw een  capstan  
and ro lle r, have th ere fo re  to be m atched and ad ap ted  to the 
tensile and take-u p  fo rces provid ed  fo r in the gen era l design. 
M o re o v e r, it should be k ep t in mind th a t the tape should con­
ta c t the ca p sta n  before it con tacts the ru b b e r su rface  o f the 
ro ller.
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In  p ro fessio n al reco rd ers  o f m odern design  the d riv in g  m otor, 

the cap stan  flyw h ee l unit, the so len oid -operated  ru b b er pressu re  
ro lle r  and the so len oid-operated  stop b rak e  are  assem bled  to 
one unit (fig. 3). The driving m otor m ay be either a synchro-

Fig . 3.
C a p s ta n  d riv e  assem bly .

1. S y n ch ro n o u s m otor. 2. F ly w h ee l w ith  flexible c o u p ­
ling. 3. C a p s ta n . 4. R u b b e r p re ssu re  ro ller. 5. S o le ­
noid a c tu a tin g  the ru b b e r  p re ssu re  ro ller. 6. Solenoid  

a c tu a tin g  the flyw heel s to p -b ra k e .

nous induction or a  h y ste re s is  ty p e , both w ith  tw o  in terch an ­
geable speeds. T h is m otor d rives the capstan  flyw h eel unit via  
a flexible coupling. The m ass o f the flyw h eel, togeth er w ith  the 
com pli ance o f the coupling, con stitutes a m echanical filter w hich 
e ffec tiv e ly  filters out a n y  irreg u la ritie s  in the a n g u lar velocit3r
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o f the synchronous m otor. F o r  tap e  speeds o f 3°  an d 1 5 ! n./s, 
the m otor speed is m ostly  1500 and 750  r.p .m . re sp e c tiv e ly  and 
the d iam eter o f the cap stan  ab ou t 9>7 mm w ith  a  maximum ad- 
m issible eccen tric ity  o f 0 .0 0 15  mm.

N o n -p ro fessio n a l reco rd ers  often em ploy the m otor sh a ft  it­
se lf  as  a  cap stan  or the cap stan /flyw h ee l unit is d riven  b y  an 
asyn ch ron ou s induction m otor v ia  a  ru b b er-co vered  id ler or 

p lastic  belt.

Tape supply.

The m ost convenient m ethod o f m aintaining the n e cessa ry  
tension in the record in g  medium is to use a con stan t-torque 
su p p ly  m otor. A  torque m otor is an y  m otor w ith  a  maximum 
torque a t  stan d still, and the ty p e  m ostly  used is an A .C .  in­
duction m otor w ith  a  th ree-p h ase  s ta to r  and a  h igh-resistan ce 
ro to r. T h is typ e  o f m otor can a lso  be fed  b y  a  single-phase 
source, the n ecessary  ph ase  sh ift being introduced  b y  a c a p a ­
citor.

W h e n  a torque supply m otor is used, the resu lt is not only 
a sm ooth d rag , but a lso  a  convenient high-speed d rive  lo r  fa s t  
w inding. A  d ra w b a c k  arisin g  from  the con stan t torque is th at 
the d rag  force in creases as the d iam eter o f the tap e  ree l d e ­
c re a se s . A s  long as this d ra g  fo rce  is sm all w ith  re sp e ct to 
the fo rce  exercized  b y  the cap stan , this effect is not tro u b le ­
some. W h e n , fo r  a n y  reason , a  con stan t tap e  tension is req u i­
red , i.e. w hen it is not perm issib le  fo r  the d ra g  force to a lte r  
along w ith  the d iam eter o f the reel, an ad d itio n al v a r ia b le  
torque has to be ap p lied  to p rov id e  fo r  the n ecessary  h y p e r ­
bolic speed-torque curve.

A lte rn a tiv e  m ethods o f obtain ing the n e cessa ry  tap e  tension 
— used chiefly in the n on -pro fession al field — are  the use o f 
m echanical friction  b ra k e s  on the su p p ly  ree l o r o f p ressu re  
pad s som ew here in the tap e  p ath  b etw een  supply ree l and 
m agnetic-head assem b ly . S lipp in g  belt d rives  or e d d y-cu rre n t 
m agnetic clutches are  a lso  used fo r  this purpose.

W h a te v e r  the ad op ted  tape-tension ing S3^stem m ay  be, it is 
ch ie fly  the d ra g  force and the design  of the cap stan  d rive  th at 
determ ine the exten t o f " w o w  and flu tter ’ ’ fo r  the reaso n s e x ­
p lain ed  ab ove.

R o ta tin g  elem ents in the path  b etw een  su p p ly  reel and cap ­
stan  m ust run sm oothly and be free  o f an y  ap p rec iab le  eccen-
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t r ic ity ; the n a tu ra l reson an ce o f resilien t p ressu re  p ad s m ust 
be a d e q u a te ly  dam ped.

Contact between head and tape.

B e s id e s  tap e-sp eed  control, the con tact b etw een  tape and 
m agnetic h eads is the p rin cip al aim o f m agn etic-record er design. 
I t  has been found th a t spacing loss in the reproduction  o f a
reco rd ed  w a v e  length X can be exp ressed  b y  the em pirical eq u a­
tion :

spacing loss =  55 — decibels
X

w hen there is a  d istan ce d  b e tw een  the p la y b a c k  head  and 
the m agnetic medium.

T his equation  sh ow s th a t the spacin g  loss depends on the 
w ave len g th  and th a t this e ffect has to be tak en  into account 
e sp e c ia lly  a t  the sh o rte r w a v e len g h ts , i.e. the h igher frequen cies. 
F o r  a  reco rd ed  w a v e len g th  o f io  ^m, fo r  exam ple ■—* e a s ily  
o b ta in ab le  w ith  reco rd ers  o f good design — a  spacin g  o f on ly  
I jum cau ses a  lo ss o f ab o u t 6 d B .

W h e n  the tension in the tap e  is Z  (fig. 2) and the angle o f 
incidence (i.e. the angle a t  w hich  the tap e  ap p ro ach es the head) 
is a, the fo rce  w ith  w hich  the tap e  ispushed ag a in st the head  is

P  =  Z  sin a .

B ecau se  o f the re la t iv e ly  high tape speed  — and subsequent 
re la t iv e ly  long w ave len g th s  — o f p ro fessio n a l re co rd e rs , a  d rag  
fo rce  o f ab ou t IOO gram s, app lied  a t  a  ra th e r  sm all an gle , is 
sufficient fo r  obtain ing a  good contact.

The sm aller the tap e speed (i.e. the sh o rter the w ave len g th ) 
'— and the stiffe r  the tap e  —* the la rg e r  has to be the d ra g  
fo rce  fo r  p rovid in g  the ad eq u ate  contact.

T o avo id  subsequent high stre ss  on the tape a t  lo w e r  tap e 
speed s, ligh t p ressu re  p ad s are  o ften  used a t  the head gaps. 
P a d s  in crease  the w e a r  o f the h eads and introduce to some 
exten t m aintenance difficulties because o f tap e  d eposit, bu t the 
im provem ent in perform an ce w ill o ften  be decisive.

Take-up design.

The design  con sid eration s fo r  tap e  take-u p  are  sim ilar to those 
fo r  tape supply, although  sh o rt v a r ia tio n s  o f the take-u p  tension  
a ffe ct the “ w o w  and flu tte r”  much less than v a r ia tio n s  in the 
su p p ly  tension.
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N o rm a lly , p ro fessio n a l reco rd ers  are  equipped w ith  a se p a ­

ra te  take-up  m otor of the sam e or sim ilar construction  as  the 
su pp ly  m otor. T h is  has the a d v a n ta g e  th a t the m otor can be 
used also  fo r  fa s t  w inding. W h e n  it is a  con stan t-torque m otor, 
the tape tension v a rie s  in accord an ce w ith  the d iam eter o f the 
ree l. I f  this tension is sm all w ith  resp ect to the reta in in g  force 
exerted  b y  the cap stan /p ressu re-ro lle r assem b ly , and if  the cap ­
stan  is d riven  b y  a  synchronous m otor, then it is, as a ru le , 
perm issib le  fo r  the tap e  tension to a lte r  along w ith  the d iam eter 
o f the ree 1. H o w ev er, w hen con stan t tape tension is, fo r  some 
reason , ind ispen sable, the speed-torque curves o f the m otor h ave 
to be co rrected  as d escrib ed  fo r  the su p p ly  m otor.

F o r  n on -pro fession al reco rd ers  w h ere  a  common induction 
m otor is used to su p p ly  en erg y  to both the cap stan  and tak e- 
up spool, it is n e c e ssa ry  to add  a con stan t-torque m echanical 
take-u p  clutch so as to avo id  a v a r ia b le  lo ad  on the m otor, the 
p o w e r consum ption o f such a  clutch being con stan t and inde­
pendent o f the slip . F o r  a  7 in. ree l, the tap e tension then 
v a r ie s  b y  a p p ro x im a te ly  3 : 1 •

B?'akes.

The ta sk  o f the b ra k e s  is to stop  the tape in the sh o rtest 
possib le  time and w ith ou t excessive  s tre ss  during record ing, 
p la y b a c k  and ra p id  w inding, and to b lock  the spools a g a in st 
ro tation  during stan d still.

F o r  low -speed  re co rd ers , this ta sk  is not difficult to lu lfil; 
fo r  p ro fessio n a l re co rd ers , h o w ever, w hich  h ave a  h igher speed, 
spools o f co n sid erab le  m ass and a  h igher w inding speed  (90 
sec fo r  3300 ft  =  1000 m o f tap e), sp ec ia l atten tion  has to be 
paid  to the construction  o f the b ra k e s . T he b rak in g  elem ents 
com m only used are  fe ltlin ed  strip s, or cushions, coupled eith er
d irect or in d irect w ith  the su p p ly  and take-u p  system s. Im por-

-

tan t fo r  stopping is th a t the h o ld -b ack  spool be b ra k e d  more 
p o w e rfu lly  than  the take-u p  spool, so as  to avo id  the fo rm a­
tion o f loops.

T h is is ach ieved  b y  em ploying opposite-action  b ra k e s  lo r  the 
su p p ly  and take-up  system  (fig. 4). W T en  the b rak in g  w h eels  
(1) ro ta te  in an ti-c lo ck w ise  d irection , the b rak in g  force is :

on the le ft-h an d  b r a k e : Z x =  — i ) ,

on the righ t-h an d  b r a k e : Z 9 =  Z 9 (l  —e ' ' a) ,
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in w hich  is the tensile fo rce  
o f the spring, a the angle o ver 
w hich  the b rak in g  strip s  lie 
on the b rak in g  w h ee l and [jl 
the frictio n  coefficient b etw een  
b ra k e str ip  and b rak in g  w h eel. 
B ecau se  o f the d ifference b e ­
tw een  the b rak in g  fo rces Z t 
and the le ft-h an d  ree l is
b rak ed  m ore p o w e rfu lly  than 
the right-hand  one and the 
tap e  is stopped  under tension. 

W h en  the tap e  runs in the in verse  d irection , the righ t-h an d  
spool is b rak ed  m ore p o w e rfu lly  than  the le ft-h an d  one and 
thus the effect is re v e rse d  au to m atica lly .

The m ost convenient m ethod o f o peratin g  the b ra k e s  is b y  
m eans o f solenoids (fig. 4). T h ere b y  the b rak in g  strips, w hich 
during stan d still are  pushed a g a in st the b rak e  w h eels b>r m eans 
of the spring, are  re leased  a g a in st the fo rce  o f the spring b y  
m eans o f the solenoid as soon as the re co rd e r is s ta rted . This 
system  has the fu rth er a d v a n ta g e  th at, should the m ains v o l­
tage  fa il, the tape spools are  b rak ed  au to m atica lly , and th at 
the b ra k e s  can also  be re le a se d  w h ils t  the re co rd e r stan d s still, 
b y  op eratin g  the solenoids se p a ra te ly . T h is is v e r y  convenient 
fo r  editing purposes.

W h e n  solenoids a re  used, even w hen d irect cu rren t is a p ­
plied  fo r  actu atin g  the solenoids, sp ecia l m easures h ave to be 
taken  to screen  the m agnetic h ead s a g a in st th eir m agnetic s t r a y  
field, because a  w e a k  con stan t field w ill cause an ap p rec iab le  
increm ent o f the noise in the recording.

R a p id  w inding and rew inding .

A  requirem ent o f both p ro fessio n a l and n on -pro fession al r e ­
co rd ers  is th a t the tap e  should be cap ab le  o f ra p id  w in d in g  
in e ith er d irection . W ith  the th ree-m otor ta p e -tra n sp o rt system  
this is ach ieved  w ith  the aid  o f the supp ly  and take-u p  m otors. 
W h e n  induction m otors are  used fo r  su p p ly  and take-up, an 
in creased  vo ltage  is app lied  v ia  a  common series re s is to r  (fig. 5). 
W h  en the slid ing con tact o f the re s is to r  is in its centre p o si­
tion, the sam e vo lta g e  is app lied  to both m otors and th ey  h ave 
the sam e torque. W h en  the slid ing con tact is sh ifted  to the

ta k e -u p  in p ro fessio n al reco rd e rs .
1. B rak in g  w heel. 2. B rak in g  s tr ip . 

3. S p rin g . 4. L ifting  solenoid .
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righ t or to the le ft, an o v e r­
vo ltage  is app lied  to the 
correspon din g m otor and 
its torque in creases a cco r­
d in gly . Thus rap id  w inding 
in both d irections and w ith  
a d ju sta b le  speed is ach ie­
ved wi th only one control.

W ith  m echanical su p p ly  
and take-u p  system s, the 
spool concerned is given an 
in creased  speed b y  m eans 
o f idl ers or belts, w h ilst 
a t  the sam e time the other 

spool is b rak ed  slig h tly . W ith  this system , the w inding speed 
is, as a rule, not a d ju sta b le , but most reco rd ers  w ith  this b r a ­
king system  are  so designed th at a full reel o f tape is wound 
or rew ound in max. 2-3 min.

Operation and maintenance.

Sim ple operation  is of the utm ost im portance fo r  m agnetic 
reco rd ers. Push-buttons are  p re fe rre d  both in the p ro fessio n al 
and in the n on -pro fession al field. M od ern  studio reco rd ers  are 
operated  1 u lly  e le c tr ic a lly  w ith  the aid o f re la y s  and can be 
rem otely  controlled  (hg. 6). R e lia b ility  and minimum ol m ainte­
nance requ ire  "fie ld  te s te d "  constructions.

1 he method of bearin g of ro tatin g  p a rts  and m aintenance 
ol the b earin gs call fo r  the special attention  o f the designer. 
W ith  a v iew  to e a sy  m aintenance, b a ll-b earin g s  are  m ost f a ­
vo u rab le , but th ey  are  noisy and not accu rate  enough, unless 
they are  of the highprecision type and mounted w ith  the utm ost 
care . B ecau se  of th eir inherent noise, it is not a d v isa b le  to use 
b a ll-b  earin gs fo r  p a rts  ro ta tin g  w ith  a speed of m ore than 
I 5 ° ° r .p .m . ;  these p a rts  run m ostly on sintered  oilite bearings. 
H om e reco rd ers are  equipped e x c lu s iv e ly  w ith  these bearin gs 
which — due to th eir self lubrication  — have fa v o u ra b le  run­
ning p ro p erties.

F o r  the choice of the m ost ad eq u ate  lu brican ts, it should be 
borne in mind th at m agnetic reco rd ers  are  used a t  g re a t ly  d i­
verg en t tem p eratu res and th ere fo re  on ly  those lu b rican ts en ter 
into consideration  w hose v isc o s ity  is as little  as possib le a ffe c ­
ted by am bient tem p eratu re .

C irc u ity  oi su p p ly  and  ta k e -u p  m otor 
lo r  rap id  w ind ing .
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Fig. 6.
T a p e  deck o f a tw o -sp e e d  m agnetic  re c o rd e r  lor p ro fessional use.

F ig . 7.
P la y -b a c k  h ead , m echan ica l assem bly  (rig h t)  and  com plete ly  em bedded  (le lt) .
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W e ll designed reco rd ers  are  expected  to o p erate  a t le a st  5° °  

hours w ith o u t requ irin g  m aintenance.

Magnetic heads.

E ra s in g  heads o f m odern construction  are  built up o f fe rro x- 
cube pole p ie c e s ; they have one or tw o  gaps each w ith  a length 
o f 100-300 jum. T hese erasin g  heads have much lo w e r ed d y- 
curren t losses than those o f m u-m etal and th eir w e a r-re s ista n c e  
is much higher. B ecau se  ol the re la t iv e ly  long gaps, the design 
and m anufacture give no difficult ies.

The recording and the p la y b a ck  head, w ith  a gap length of 5" 10 
am, h ave, as a  rule, lam inated pole pieces of h igh -p erm eab ility , 
low -rem anence m ateria ls  such as P e rm a llcy  or m u-m etal. 1 hese 
m etals have to be annealed  and lam inated  c a re fu lly , in o rd er 
to ach ieve and to m aintain the req u ired  m agnetic p ro p erties.

From  the m ultitude o f constructions, one p la y b a c k  head w ill 
be d escribed  as an exam ple fo r  obtain ing maximum precision  

w ith  a minimum of p a rts .
The head  (fig. 7) is bu ilt up o f tw o  iden tical pole pieces, each 

provid ed  w ith  a co il; the coils are  circuited  in such a w a y  
th at the gen erated  vo lta g es  are  series-ad d itive  fo r the m agne­
tic field acro ss  the gap, but phase opposing fo r  extern a l m ag­
netic fields. B ecau se  o f these p ro p erties  and o f their geom etric 
sym m etry, pick-up of hum b y  the head is reduced to a mini­
mum. The su rfaces  o f m utual con tact on the pole pieces are  
lapped  w ith  optical precision  and a sp acer of non-m agnetic 
m ateria l is inserted  b etw een  them. The sp acer — m ostly  ol 
beryllium -copper or an oth er w e a r-re s is ta n t m ateria l — p reven ts 
the accum ulation  of d irt or m etal p artic le s  in the gap  and a l­
lo w s n arro w  m anufacturing to leran ces to be m aintained in the 
length o f the gaps. In p ro fessio n a l reco rd ers, the maximum a d ­
m issible to leran ce in self-inductance of the head is 5°/0, and as 
the to leran ces o f se lf  induction are  ap p ro x im ate ly  prop ortion al 
to those of the gap  length, a gap  w ith  a ra ted  length o f lo r  
exam ple J  fi m should have a to leran ce  of ab ou t O.l /i m w hile 
other p a rts , such as coils and the p erm eab ility  o f the pole pieces 
are  also  sub ject to to leran ces!

A  convenient m ethod o f protectin g  the head is to em bed it 
in a su itab le  ep o xy  resin  and le t only th at p a rt  o f the pole 
pieces protrude o ver w hich the tap e  runs. T h is p a r t  is lapped 
a fte r  the resin  has hardened. N u ts  or o th er fixing p a rts  of the 
head can a lso  be em bedded in the resin .
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Jn  o rd er to avo id  sta tic  ch arges form ing on the tap e , the 

pole pieces m ust be c a re fu lly  earth ed . M e a su re s  m ust be taken  
to com pensate lo r  d ifferen ces in the therm al-expansion  coefficients 
o f the pole pieces and the resin .

1 equipment for non-standard magnetic tapes.

F o r sp ecia l ap p licatio n s, o ther tap es 
1/4 in. size are  used. A s  a ru le, special 
from the conventional design, have been

th an the stan d ard ized  
reco rd ers , w hich d iffer 
developed  fo r  this pur-

pose. Som e exam ples m ay illu stra te  this field w hich is stead ily  
extending.

F o r  d ictation  m achines, it has been found fa v o u ra b le  to use 
m agnetic sheets of le tte r  size. T h ese sh eets have the sam e th ick ­
ness as tap es  ; in the d ictation  m achine (fig. 8) th e y  a re  wound 
on a cy lin d er w hich ro ta te s  a t  con stan t speed. The end o f 
the sh eet o verlap s  the beginning. The m agnetic head, w hich is 
used both fo r  record ing and fo r p la3rb ack , lies a g a in st the c y ­
lin der and is m oved w ith  con stan t speed  p a ra lle l to the ax is 
of the cylin der, th ereb y  reco rd in g  a  h elico id al sound tra c k  on
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the sheet. I he head can a lso  be m oved b y  hand fo r  sta rtin g  
ra p id ly  from  an y d esired  „ l in e ” .

The lin ear speed o f the sheet is ab ou t 1.7/8 in./s and the 
reg istered  freq u en cy  range extends to about 3000 c/s. The sig- 
nal-to-noise ratio  fo r a track  w idth  o f I mm is ab ou t 40 d B .

M agn etic  discs are  a lso  used fo r d ictation  pu rposes. In  prin-

F i g . 9 .
M u l t i c h a n n e l  m a g n e t i c  r e c o r d e r  u s in g  16 m m  t a p e  a s

th e  r e c o r d in g  m e d iu m .

ciple, the reco rd er resem bles a record  p la y e r , but w ith  a m ag­
netic head instead  of a  pick-up. The m agnetic head can be led 
e ith er by  g ro o ves in the disc or b y  m eans o f the mechanism 
itse lf. I t  w ill be eviden t th at w ith  this system , as in a record  
p layer, the lin ear speed o f record in g is not constant.

f o r  m ultichannel record ing, m agnetic tap e  o f n on -standard  
w idth  is m ostly  used. O ne ol the la te st  designs (fig. 9) em ploys
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16  mm tap e  and is su itab le  fo r record in g  sim ultan eously  15  tra ck s , 
each h avin g  a w idth  o f 0.7 mm and each spaced  0.35 mm a p a rt. 
C ro ss -ta lk  betw een  the tra ck s  has to be b e tte r  than -40 d B . 
The tape speed n orm ally  used is 1.7/8 in./sec and the cap acit\r 
o f the reels is sufficient lo r  uninterrupted  record ing up to 12  
hours. T a p e  tra n sp o rt is ra th e r  conventional. The m ultichan­
nel m agnetic heads (fig. 10 / 1 1 ) ,  h o w ever, w ith  a gap length of 
5 jum, p resen t sp ec ia l problem s as reg ard s  positioning ol the 
tra ck s , sh ielding and m anufacturing to leran ces.

In  the cinem a field, fu lly  iron oxyde coated  or strip ed  films 
o f 8, 1 6, 35 or 70m m  w idth  are  in use fo r  sound record in g  
and reproduction . F o r  these films, m ostly  conventional m ethods 
o f propulsion  are  used, viz b y  m eans ol sp ro ckets. A  special 
problem  is here the co n tact b etw een  film and head, because 
cinem a films are  much stiffe r  (th ickness 15 O jim) tfmn tap es.

F o r  some app lication s, m agnetic coatin g  is app lied  to the p e r i­
ph ery  oi a  ro tatin g  w h eel ol m etal or ol an oth er su itab le  m a­
teria l. Such  w h eels  are  used, fo r  exam ple, as a  m agnetic "m e­
m ory”  in electron ic  com puters and in m achines lo r  producing 
artific ia l re v e rb e ra tio n  (fig. 12). In these m achines, the heads 
are  not in d irect con tact w ith  the m agnetic m edium ; th e y  are  
p laced  a t  a  d istan ce o f a fe w  jum from  the w h eel. Ih is  g u a ­
ran tees a  long lile and co n stan cy  o f the e lec trica l p aram eters  
o f both coating and heads. B eca u se  o f the d istan ce b etw een  
head and w heel, the m agnetic medium m ust have a h igher lin ear 
speed fo r record in g or reproducin g a  given freq u en cy  range 
than w hen there is a d irect contact. M o re o v e r , eccen tric ity  of 
the w h eel cau ses v a r ia tio n s  both in output and in freq uen cy, 
C o n seq u en tly , the w h eel m ust s a t is fy  v e r y  high cen tric ity  d e­
m ands and sp ecia l attention  has to be paid  to the therm al e x ­
pansion ol the system . The w heel d iam eter, the num ber of r.p.m . 
and the d istan ce b etw een  head and w h ee l h ave to be c a re fu lly  
m atched.

Probable future development.

T h ere  is a  g rad u a l tendency to con so lidate the tape speeds 
fo r  conventional sound record ing and reproduction . D esign ers  
are  th ere fo re  con cen tratin g more on the refinem ent ol d eta ils , the 
im provem ent o f q u a lity  and the app lication  of op eratio n al fe a ­
tures. E xam p les  a r e :  the developm ent ol le rro xcu b e  record in g  
and p la y b a c k  h e a d s ; tw o  or th reech an n el record in g  lo r stereo-
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Magnetic-head
10.

a s s e m b ly  ol a 1 5 - c h a n n e l  r e c o r d e r .

1. H e a d  c o r e s .

F i g .  1 1 .
5 - c h a n n e l  m a g n e t i c - h e a d .

2 . M u - m e t a l  s h ie ld in g .  3. P o l y e s t h e r - r e s i n .  
4 . F a s t e n i n g  n u t s .



36 G. P. Bakos

F ig .  1 2 .
A r t i f i c ia l  - r e v e r b e r a t i o n  m a c h in e , u s in g  a n  i r o n -

o x id e  c o a t e d  w h e e l  a s  th e  r e c o rd in g ;  m e d iu m .



Mechanical aspects of magnetic-recorder design 37
p h o n y; sep a ra te  record in g  o f high and lo w  freq uen cies fo r  the 
reduction  o f in term odulation  d istortion , and the in corp oration  
o f p ro fess io n a l fe a tu re s  in home re co rd ers .

In  the field o f video record in g  on m agnetic tape, m any design  
problem s still a w a it  a  p ra c tic a l solution. In cre a se d  tap e  speed, 
h igher dem ands on speed con stan cy and fe rr ite  h ead s w ith  gap  
lengths in the o rd er o f I /um a re  only a  fe w  exam ples o f the 
m ultitude o f difficulties w hich  h ave to be overcom e.

In in d u stry , the autom ation  o f production  is opening up an 
e n tire ly  new  field o f ap p licatio n . M a g n etic  record in g  rep resen ts  
a  sim ple and flexib le m eans o f record in g  and tran sm ittin g  the 
p aram eters  fo r  autom atizing the operation  o f production  m achines 
or o th er stag es  o f m anufacture. The developm en t of autom ation  
has ju st  been sta rte d , and if  it comes to th at, so has m agne­
tic record ing.
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Music-reproduction

by R. Vermeulen *)

Lecture delivered for the N ederlands Radiogenootschap and the Geluidstichting
on 17th June 1955.

D u rin g  the dem onstration  a t  the m eeting o f the ,,N e d e rla n d s  
R a d io  G en o o tsch ap ”  in the auditorium  o f the P h ilips T h ea tre  
in E in d h oven  w e  took  fu ll a d v an ta g e  o f the unique opportun ity  
to le t a  la rg e  group o f co lleagu es h e a r ju st those resu lts  o f 
our w o rk  th a t cannot be e x p re sse d  in w o rd s, still less in print. 
I t  is th ere fo re  difficult to ren d er in this re p o rt the im pression  
th a t the m usic m ade on the listen ers. W e  can do no m ore than 
d escribe  the experim ents and hope th a t the re a d e r  w ill judge 
th e ir  re su lts  from  the fa c t  th at th ey  could be d em on strated  
su ccessfu lly . The princip les can be found in other p ap ers  [1] 
w h e re a s  a  description  o f the a p p a ra tu s  used  is not in terestin g  
becau se  it w a s  assem bled  from  p a rts  th a t a re  on the m arket. 
W h a t  w e tried  to p rove  is th a t a t  p resen t the re le v a n t p ro ­
blem  is not to p e rfe c t the m icrophones, am plifiers, or even lou d ­
sp e a k e rs  but to im prove the w a y s  in w ich  th ey  are  used.

W h e n  the perform an ce o f a  sm all band, consisting o f piano, 
c la rin et or saxophone, accordeon , double b a ss  and drum section 
w a s  fo llo w ed  im m ed iately  b y  the reprod u ction  o f a  m agnetic 
record in g  o f the sam e m usic, I th ink th a t a ll p resen t w e re  
convinced th at, although the d ifference w a s  sm all, th e y  w ere  
quite ab le  to d istinguish  the "re c o rd e d ”  from  the " l iv e ”  music. 
In  o rd er to convince the listen ers  th a t this w a s  r e a lly  not so 
e a sy , w e  had to elim inate the v isib le  clues, w hich influence 
our judgm ent much m ore than w e  realize . In  fo rm er experim ents 
w e  p laced  lo u d sp eak ers  and m usicians behind a  v e ry  thin, but 
opaque curtain  [2], T h is time, in stead  o f elim inating a ll clues, 
w e  g ave  m ore or less  fa lse  ones. T h is w a s  done b y  m aking 
beforeh an d  a  reco rd in g  o f the band in w hich  a lte rn a t iv e ly  se ­
v e ra l instrum ents, or even  a ll but one, w e re  silen t p a r t  o f the 
tim e. D u rin g  the reprodu ction  the m usicians filled in the m is­
sing p a rts . T h is m ade it possib le  fo r  a  m usician to stop  in the

*) Philips Research Laboratories N .V . Philips’ Gloeilampenfabrieken 
Eindh oven-Netherlands.
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m iddle o f a  solo, rep lace  his c la rin et b y  a saxophone, and 
s ta r t  a  duet w ith  his ow n  c larin et w ich  had  gone on p la y ­
ing a ll the time. The sam e proced u re w a s  used  in the „ f a r e ­
w ell-n u m ber” , w h ere  one b y  one the m usicians put dow n th eir in ­
strum ents and w a lk ed  a w a y  w h ile  the music w e n t on. A s  th ey  
did so se v e ra l b a rs  a fte r  the reco rd in g  had  tak en  over, and m ade 
sham -m otions in the m eantim e, it w a s  on ly  b y  th eir ears  th at 
the listen ers  could get a  clue as to the e x a c t m om ent w hen 
the record in g  rep laced  the " l iv e ”  instrum ent. A n o th er e x p e ri­
m ent w a s  to m ake a  record in g  o f on ly  tw o  hands in a  dance 
fo r  fo u r hands b y  G r i e g ,  and to fill in the o th er p a r t  w hile 
this record in g  w a s  reprodu ced .

F o r  the reprodu ction  o f a piano and o f the sm all band  too, 
a reco rd  w ith  only one tra c k  w a s  sufficient, but m any lou d ­
sp e a k e rs  d istributed  o ver the stag e  had to be used, o th erw ise  
the listen ers  w ould  h ave lo cated  the source in the one lo u d ­
sp eak er. F o r  the reprodu ction  o f a  sym ph on y o rch e stra  it b e ­
comes n e c e ssa ry  to use stereo p h o n y. N o  m atter how  ac c u ra te ly  
one can im itate stereo p h o n ica lly  a  la rge  o rch estra , the resu lts  
w ill not be sa t is fa c to ry  i f  the acou stics o f the listen in g  room 
are  in adequ ate. F o r  exam ple, the acou stics o f the P h ilip s T h ea tre  
are  quite good as such, but are  u nsu itab le  fo r  a con cert b y  
a  la rg e  sym phony o rch estra , s till less fo r  church music. T h e re ­
fo re  to dem on strate  the q u a lity  o f pure stereop h o n y w e chose 
a minuet from  a sym phony b y  M o z a rt, fo r  w hich  a sh ort r e v e r ­
b eratio n  time is p re fe ra b le . N o  sym p h o n y o rch estra  w a s  p re ­
sent to enable a  com parison  to be m ade.

The acoustics o f a  th eatre  can h o w ev er be im proved  b y  su p ­
p ly in g  the m issing w all-re flectio n s b y  m eans o f lo u d sp eak ers  
d istrib u ted  along the ceiling. A  m icrophone ab o ve  the stage  
p icks up the music, w hich  is reco rd ed  on the m agnetic rim o f 
a  w h eel. S e v e r a l rep ro d u cer heads feed  the m usic w ith  d iffe ­
ren t re ta rd a tio n s  to the lo u d sp ea k e rs  in such a  w a y  th at no 
tw o  neighbouring ones a re  connected to the sam e head. The 
sign al from  the la s t  head is m oreo ver fed  b a ck  to the re c o r­
ding head. B y  changing this fee d -b a ck  the re v e rb e ra tio n  time 
can be contro lled .

M r . H a r m  d e  V r i e s  p la y e d  a  sequence o f chords on the 
organ , w h ile  the a rtific ia l re v e rb e ra tio n  w a s  sw itch ed  on and 
off. In  this w a y  it w a s  possib le  to h e a r the change in r e v e r ­
b eratio n  as such. T o sh ow  its m usical va lu e  M r. de V r ie s  
extem porized in d ifferen t tem p i: ad ag io , a lleg ro  and m ajestuoso ,
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and then accom panied M rs . G r o e n e n b e r g ,  w ho sang a piece 
o f m usic b y  Joh. S e b a st ia n  B ach . I do not think th ere w a s  
an y  d ifference o f opinion on the m usical va lu e  o f the “ stereo- 
re v e rb e ra tio n ”  as w e c a ll this e lectro -aco u stic  im provem ent o f 
the acoustics o f the h all. “ S te re o -re v e rb e ra tio n ”  is ch aracterized , 
not so much b y  the lengthening o f the re v e rb e ra tio n  time, as 
b y  the g re a te r  d iffusen ess o f the sound, w hich gains a  fu lln ess 
and volum e th a t is o b v io u sly  m issing w hen  the lo u d sp eakers 
are  sw itch ed  off.

The final chorus o f the P a ss io n  accord in g  to S t . M a tth e w  
b y  Joh . S e b a st ia n  B a ch , as reco rd ed  in the P h ilip s T h e a tre  b y  
the P h ilips O rc h e stra  and the P h ilip s Ph ilharm onic C h o ir  
d irected  b y  H e n r i  A r e n d s ,  w a s  reprod u ced  in the sam e 
hall, but now  w ith  ste re o -re v e rb e ra tio n  added . T o elim inate 
the conflict b etw een  the v isu a l and  audib le  im pression o f the 
room  the lights w e re  dimmed. T his dem onstration  has a lre a d y  
been g iven  m an y tim es but it n ever fa ils  to im press on the 
listen ers  the m agnificence o f B a c h 's  music. T h is p ro ves that, 
even  w ith  am ateu rs as execu tan ts, reco rd ed  m usic can do ju s ­
tice to the essen tia l va lu es o f m usic, i f  on ly atten tion  is given 
to the d istrib u tion  o f the sound a fte r  it le a v e s  the lo u d sp ea­
k e rs .

D u rin g  the la s t  season  an experim en tal in sta lla tio n  fo r  stereo- 
re v e rb e ra tio n  in the ,,G e b o u w  vo o r K u n sten  en W e te n sc h a p p e n ” 
in the H agu e  has been in use during a ll concerts o f the 
„R e s id e n t ie o rk e s t” and se v e ra l o p e ra 's  and re c ita ls . W h ile  the 
m usicians are  con sciou sly  a w a re  o f the im proved acoustics and 
find it e a s ie r  to p la y  th e ir instrum ents, m ost o f the public is 
o f the opinion th a t it is the o rch estra  th at has im proved  and is 
p lay in g  much b e tte r  than b e fo re . T h is is, in our opinion, the 
h ighest p ra ise  possib le  fo r  an e lectro -aco u stic  in sta llatio n .
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Faselineariteit van televisieontvangers

door A. van W eel *)

Resumé van  de voordracht voor het N ederlands Radiogenootschap
op 17 oktober 1955.

V a n  het in deze v o o rd ra ch t besprokene is een gro o t deel te 
vinden  in een a r t ik e l: ,,P h ase~ lin ear T elev isio n  R e c e iv e rs ”  in 
P h ilip s R e se a rc h  R e p o rts  10, 281-298, 1955. B oven d ien  zal in 
P h ilips T echnisch  T ijd sch rift  van  fe b ru a ri 1956 een u itvoerige  
behandeling van  h etzelfde o n d erw erp  gegeven  w ord en . Om  deze 
redenen  v o lsta a n  w ij m et h ier een sam en vattin g  van  deze v o o r­
d rach t te geven.

H  o ew el bekend is, d a t de fase-e igen sch ap pen  van  te le v is ie ­
o n tvan gers van  belan g  zijn vo o r de b e e ld k w a lite it , w erd en  to t 
d u sverre  deze eigenschappen a ls  zodanig nergens re ch tstre e k s  
tijdens het on tw erpen  o f de fa b ric a tie  in aan m erkin g genomen. 
D eze  to estan d  is h istorisch  gegroeid  (o .a. door h et to t vo o r 
k o rt  n iet b e sta a n  van  gesch ikte m eetap p aratu u r). D e  verg ro te  
se lectiv ite it van  m oderne o n tvan gers h eeft ech ter o n to e la a tb a a r  
gro te  fase fo u ten  tengevolge, w a a r v a n  v e rw a a rlo z in g  niet la n g er 
m ogelijk is. V a n  de drie hier van  belan g  zijnde problem en .—* 
m eetap p aratu u r en m eetm ethodiek, sam enhang tussen  tijdfunctie 
en Ireq u en tiek arak teristiek en  m et d a a ru it  voo rtv lo eien d e to le ­
ran ties, o n tw erp  fa se -lin ea ire  o n tvan gers — w o rd t het derde 
punt u itvo erig  toegelicht. H e t  b lijk t m ogelijk de vere iste  se lec­
tiv ite it  te rea lizeren  zonder fasefo u ten . D e  b e e ld k w a lite it  van  
een op deze w ijze gecon stru eerd e o n tvan ger is n iet a lleen  o pti­
m aal m aar b lijk t ook de eigenschap te hebben opm erkelijk  w ein ig  
gevoelig  te zijn vo o r zelfs vrij grote  v a r ia t ie s  in de afstem m ing.

T ijdens de v o o rd ra ch t w erd en  deze eigenschappen gedem on­
streerd  aan  een conventionele en een fase -h n ea ire  on tvan ger.

*) Natuurkundig Laboratorium der N .V . Philips Gloeilampenfabrieken.





PROGRAMMA V A N  TEYLERS TW EEDE GENOOTSCHAP TE  HAARLEM  VOOR HET JA A R  1956
D irecteuren van T eylers Stichting en de Leden van  T eylers Tw eede G enoot­

schap hebben besloten voor het jaar 1956 de volgende prijsvraag uit te schrijven:
M en vraagt:

Een behandeling van de absolute betrekkingen, volgens tijd en ruimte, 
tussen de voorvallen in de werkelijkheid, zoals die door de theorie van 
Einstein aan het licht zijn gebracht, en van het belang der inzichten daar­
omtrent voor opvattingen uit andere gebieden van kennis.

Toelichting. De naam relativiteitstheorie, in het gebruik algemeen aanvaard , 
m aar niet geheel gerechtvaardigd, bedekt de poging om voor de wetten der 
natuur een absolute formulering te vinden. A. A. Robb (The absolute relations 
of space and time, Cam bridge U niversity  Press, 1921) en onlangs A. D. A lexan- 
drov te Leningrad (The space-time of the theory of relativity, herdenkings- 
congres te Bern, 1955) beproefden echter de absoluta der theorie axiomatisch 
logisch te verantw oorden. Veel is gestreden over de vermeende betrekkelijkheid 
van  het begrip der gelijktijdigheid, van het gedrag van  klokken en m aatstaven, 
m aar het tenminste even belangrijke begrip van interval, in zijn dubbele verschei­
denheid van absolute afstand en absolute tijdsduur, is onopgem erkt tot de alle­
daagse om gangstaal der fysici gaan behoren. H et interval nul, m assaas die 
nul zijn, de bizondere chronogeom etrie van tijdsduren en van de dynamische 
vectoren van  massa, het. zijn allemaal wonderen, w aar meestal te licht langs ge­
lopen w o rd t De prijsvraag beoogt een studie uit te lokken, die zich in zulke 
absolute betrekkingen verdiept en misschien hun betekenis voor andere vormen 
van  menselijk denken (bijv. voor antieke opvattingen, of voor existentiefilosofie) 
in het licht zal weten te stellen.

De prijs bestaat, indien naar het oordeel van D irecteuren de omstandigheden 
dat gedogen, in een gouden erepenning, op de stempel des G enootschaps ge­
slagen, ter innerlijke w aarde van vierhonderd gulden, of, zo de bekroonde d aar­
aan de voorkeur mocht geven, in een som gelds ten bedraqe van  vierhonderd gulden.

Om voor beoordeling in aanm erking te kunnen komen, moeten de antw oorden 
w orden ingezonden vóór 1 Januari 1957.

De antw oorden moeten in het N ederlands, Frans, Engels of H oogduits ge­
schreven zijn, hetzij met een schrijfmachine, hetzij in Latijnse letters, goed lees­
baar, door een andere hand dan die van de inzender. Zij moeten, zonder naam 
en alleen met een spreuk ondertekend, vergezeld van  een verzegeld couvert, 
dezelfde spreuk ten opschrift voerend en van  binnen des schrijvers naam en 
w oonplaats behelzend, gezonden worden aan Directeuren van TEYLERS STICH­
TING, Fundatiehuis D am straat 21 te Haarlem. Zij moeten binnen de bepaalde tijd 
in hun geheel w orden ingezonden: antw oorden, w aaraan bij de inlevering enig 
gedeelte ontbreekt, zullen tot het dingen naar de ereprijs niet worden toegelaten.

De ingezonden antw oorden worden eigendom der Stichting. V an  deze an t­
w oorden kunnen aan de schrijvers geen afschriften w orden verstrekt, tenzij op hun kosten.

O pdat de inzenders niet langer dan nodig is in het onzekere blijven van  de 
uitslag der beoordeling, indien deze niet tot bekroning heeft geleid, kan men, 
behalve het verzegeld couvert, nog een open couvert toevoegen, bevattend de 
naam  van een vertrouw enspersoon, met een volledig adres, tot wie D irecteuren 
van  T eylers Stichting zich eventueel per correspondentie richten kunnen.

De schrijver van het bekroonde antw oord is gehouden, het auteursrecht op 
zijn werk terstond aan de Stichting over te dragen, opdat deze het recht ver- 
krijge het antw oord als V erhandeling van het Genootschap, desverkiezende ook 
vertaald, in druk uit te geven. Indien de Stichting niet binnen drie m aanden na 
de overdracht van  het auteursrecht de bekroonde auteur heeft bericht, dat zij 
tot onverwijlde uitgave van zijn werk heeft besloten, w ordt de overdracht van 
het auteursrecht ongedaan gem aakt en herkrijgt de schrijver de volle beschikking daarover.
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De redactie ontving ter bespreking: Ten Bosch' viertalig Technisch woorden­
boek, Frans-Nederlands.

In een der volgende nummers zal deze nieuwe uitgave besproken worden.

Boekbespreking

Television receiver servicing Vol. II: "Receiver and Power supply 
circuits", door E. A. W . Spreadbury. Iliffe & Sons Ltd., London. 
308 pag., TIV2. x 15 cm., 172 illustraties, prijs 21 shilling.

D it boek is het vervolg op het in N r. 4, deel 19 van  het tijdschrift van  het 
N ederlands R adiogenootschap besproken eerste deel, w aarin  hoofdzakelijk het 
tijdbasisgedeelte van  de televisie-ontvanger behandeld werd.

H et thans verschenen tweede deel behandelt de werking van  en de mogelijke 
optredende storingen in het eigenlijke ontvang-gedeelte en de voeding van een 
televisie-apparaat. De schrijver gaat uit van  de ongetwijfeld juiste stelling dat 
het onmogelijk is een fout te vinden in een ap paraa t als men niet eerst precies 
weet hoe de schakeling werken moet. H et grootste deel van  het boek is dan ook 
gewijd aan  de behandeling van velerlei schakelingen, zoals die in ontvangers 
van  diverse in Engeland op de m arkt zijnde merken toegepast worden.

Deze behandeling is zo eenvoudig mogelijk gehouden en m aakt geen gebruik 
van  wiskundige formules, om dat het boek bedoeld is voor de radio-service-m an, 
die zich ook op het gebied van de televisie-service wil gaan  begeven.

De over het algemeen zeer duidelijke uiteenzettingen w orden gegeven aan  de 
hand van  een groot aantal schakelschem a’s die dikwijls verscheidene oplossingen 
voor een zelfde probleem tonen. D it m aakt het boek ook interessant voor hen 
die de televisie-techniek willen bestuderen zonder de bedoeling te hebben service- 
man te worden.

V oor het gebruik van dit boek buiten Engeland geldt, meer dan bij het eerste 
deel, als bezw aar dat de schrijver zich uiteraard gebaseerd heeft op het Engelse 
televisie-systeem, met o.a. positieve beeld-modulatie en am plitude-m odulatie voor 
het geluid. H ierdoor is b.v. aan de ene kant het hoofdstuk over ,»Vision inter- 
ference suppression”, dat allerlei schakelingen voor het onderdrukken en omkeren 
van  storingsim pulsen behandelt („ invertors”, „black-spotters” ) , zoals men die in 
Engelse apparaten  tegenkomt, voor de N ederlandse lezer van weinig belang. 
A an de andere kant ontbreekt in de behandeling van  het geluidsgedeelte iedere 
aanduiding van  de bij frequentie-m odulatie toegepaste detectorschakelingen.

Bij de behandeling van  antennes, kabels en aanpassingsproblem en (een zeer 
w aarde vol hoofdstuk) staat de verticale dipool vanzelfsprekend op de voor­
grond doordat de hoofdzenders in Engeland verticaal gepolariseerd zijn. M erk­
w aardig in dit hoofdstuk is dat, hoewel de gevouw en dipool even genoemd 
wordt, slechts kabels met karakteristieke im pedanties van  50—80 Ohm besproken 
worden, en de hier te lande vrij algemeen gebruikte 300 Ohm lintkabel geheel 
voorbijgegaan wordt.

H et boek bevat verder een hoofdstuk over de voeding en eindigt met een 
hoofdstuk over m eetapparatuur en het gebruik daarvan  bij het opnieuw afregelen 
van een ontvanger.

De keurige uitvoering van het boek is identiek aan  die van deel I.
J. J. P. V .
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Uit het N ederlands Radiogenootschap
PER SO N A LIA

IN MEMORIAM J. CORVER
O p  7 7 -ja r ig e  lee ftijd  o v e r le e d  o p  3 feb r. j.1. te 

H ilv e rs u m  de a lo m  b e k e n d e  ra d io -p io n ie r  Ja n  O o r ­
v e r .

D a d e lijk  n a  een  b e z o e k  v a n  O o rv e r  in  1913 o p  
m ijn  k a m e r  in  D e n  H a a g , a lw a a r  hij m et v e e l b e ­
la n g s te llin g  een  a m a te u r  o n tv a n g - to e s te l  b e z ic h ­
tig d e , d a t  a ld a a r  re e d s  g e ru im e  tijd  g e b ru ik t  w e rd  
v o o r  h e t c la n d e s tie n  o p v a n g e n  v a n  d ra a d lo z e - tc le -  
g ra f ie - s ig n a le n , g in g  hij z ich  w ijd e n  a a n  de ra d io  
en  h e t ra d io -a m a te u r is m e  en  d it  g e sc h ie d d e  m et een  
ijv e r, to e w ijd in g  èn  b e k w a a m h e id , w e lk e  zijn  w e e r ­
g a  n ie t g e v o n d e n  h ee ft.

A lle re e rs t  b e g o n  hij m e t v e rg u n n in g e n  te v ra g e n  
v o o r  de Ju is te r -a m a tc u rs  bij M in is te r  L e ly  en  k o r t  
n a d a t  d it g e lu k t w a s , r ic h tte  hij m e t e n k e le  a n d e re n  
d e  N e d e r la n d s e  V e re n ig in g  v o o r  R a d io te le g ra f ie  
o p . O n a fg e b ro k e n  b lee f hij in  h e t  b e s tu u r  v a n  d eze  
v e re n ig in g ;  de  ti jd sc h r if te n  , ,R a d io -N ie u w s "  en 

, ,R a d io - E x p r e s ’' d o o r  h em  n ie t a lle e n  a ls  b e k w a a m  jo u rn a lis t ,  m a a r  o o k  a ls  
e n th o u s ia s t  r a d io lie fh e b b e r  v o o r tre f fe l i jk  g e re d ig e e rd , w e rd e n  w e ld ra  de b es te  
en  m e e s t g e le z e n  ra d io - t i jd s c h r if te n  in  o n s  la n d .

O o k  de b o e k e n  o v e r  h e t ,,O n tv a n g s ta t io n ” en  la te r  o o k  h e t „ Z e n d s ta t io n  
v o o r  de  a m a te u r  w e rd e n  b e ro e m d ; ze lfs  h e d e n  ten  d a g e  w o rd e n  ze d o o r  de 
jo n g e lu i, d ie  in h e t r a d io -v a k  g a a n  v e e l g e b ru ik t  en  v a a k  k a n  m en  in  d eze  
k r in g e n  h o re n : ,,ja, lees het maar in het boek van Corver".

O o rv e r  h a d  de  g a v e , de  v e le  n ie u w ig h e d e n  en  n ie u w e  v e rsc h ijn se le n , d ie  z ich  
bij de  sn e lle  o n tw ik k e lin g  v a n  de ra d io  v o o rd e d e n  o p  z e e r  h e ld e re , to t  d e  fy s isc h e  
re a l i te i t  s p re k e n d e  w ijze  u ite e n  te z e tte n  en  hij h e e f t h ie rm e d e  a a n  v e le n , a a n  
z é é r  v e le n , v o o r  a ltijd  een  g o e d  b e g r ip  en  in z ic h t in  d iv e rse  v e rs c h ijn s e le n  g e ­
g e v e n . H o e  v a a k  o n tb re e k t  d it  n ie t te g e n w o o rd ig  bij h e t g e b ru ik  v a n  m o d e rn e  
l i te ra tu u r ,  w e lk e  d o o r  o v e rm a tig e  to e p a s s in g  v a n  w is k u n d e  s te e d s  m e e r o n le e s ­
b a a r  w o rd t .

C o r v e r  g a f  de  s to o t v o o r  de e e rs te  o m ro e p -z e n d e r  in  N e d e r la n d  d o o r  Id z e rd a  
g e c o n s tru e e rd  en  o o k  de n a a m  „ o m ro e p  is v a n  hem  a fk o m s tig .

G e e n  w o n d e r , d a t  hij in  la te re  ja re n  een  le id e n d e  f ig u u r  w e rd  ( to t  zijn  7 5ste  
j a a r  to e !) in  de N e d e r la n d s e  o m ro e p . S te e d s  v o l h u m o r  en  v o l m e t a n e c d o te n  
w a s  C o r v e r  e en  b ijz o n d e r  p re t t ig e  f ig u u r  in  de o m g a n g : zijn  h e e n g a a n  la a t  een  
q ro tc  le e q te  a c h te r .

I r . A . H . D E  V O O G T

EX A M EN S
Verslag van het examen voor radiotechnicus, radiomonteur en 
televisie-technicus gehouden in oktober, november, december 1955 
en januari 1956.

D e  sc h rif te lijk e  e x a m e n s  v o o r  ra d io te c h n ic u s , ra d io m o n te u r  en  te le v is ie - te c h ­
n ic u s  w e rd e n  g e h o u d e n  o p  10 en  11 o k to b e r  1955.

A a n g e m e ld  h a d d e n  z ich  159 c a n d id a te n  v o o r  ra d io te c h n ic u s , 204 v o o r  r a d io ­
m o n te u r  en  1 v o o r  te le v is ie - te c h n ic u s , w a a r v a n  8 c a n d id a te n  z ich  te ru g tro k k e n  
(3 v o o r  ra d io te c h n ic u s  e n  5 v o o r  r a d io m o n te u r ) .  W e g e n s  o n v o ld o e n d  sc h rif te lijk  
e x a m e n  w e rd e n  a fg e w e z e n  72 c a n d id a te n  ra d io te c h n ic u s  en  32 c a n d id a te n  r a d io ­
m o n te u r .

V o o r  h e t m o n d e lin g e  g e d e e lte  w e rd e n  o p g e ro e p e n  84 c a n d id a te n  r a d io te c h ­
n ic u s  (2 c a n d id a te n  v e rh in d e rd  o p  te k o m e n ) , 167 c a n d id a te n  ra d io m o n te u r  en
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1 c a n d id a a t  te le v is ie - te c h n ic u s , w e lk e  m o n d e lin g e  e x a m e n s  w e rd e n  g e h o u d e n  
o p  22, 23 n o v ., 7, 8, 15, 16, 19, 20 , 28  en  29 d ec . 1955 en  4 ja n . 1956.

A fg e w e z e n  w e rd e n  39 c a n d id a te n  ra d io te c h n ic u s  en  62 c a n d id a te n  r a d io ­
m o n te u r .

G e s la a g d  zijn  in  to ta a l  36  c a n d id a te n  ra d io te c h n ic u s , 91 c a n d id a te n  r a d io m o n ­
te u r  en  1 c a n d id a a t  te le v is ie - te c h n ic u s . 7 C a n d id a te n  ra d io te c h n ic u s  en  14 c a n d i­
d a te n  r a d io m o n te u r  w e rd e n  v o o r  een  h e re x a m e n  in  a a n m e rk in g  g e b ra c h t . V a n  
de 17 c a n d id a te n , d ie  e en  h e re x a m e n  m o e s te n  a f le g g e n  (n l. 4 c a n d id a te n  v o o r  
te c h n ic u s  e n  13 v o o r  m o n te u r )  s la a g d e n  4 v o o r  te c h n ic u s  en  10 v o o r  m o n te u r . 
3 C a n d id a te n  h e re x a m e n  m o e s te n  w o rd e n  a fg e w e z e n .

Uitgewerkte examenopgaven.

H e t  N R G  h e e f t  b e s lo te n  om  in  de to e k o m st, zo  sp o e d ig  m o g e lijk  n a  e lk  te 
h o u d e n  sc h rif te lijk  e x a m e n  v o o r  ra d io m o n te u r , ra d io te c h n ic u s  en  te le v is ie te c h n i-  
cus, o v e r  te g a a n  to t p u b lic a tie  v a n  de e x a m e n o p g a v e n  m e t v o lle d ig e  u itw e rk in g . 
D e  p u b lic a tie  z a l u i ts lu ite n d  g e sc h ie d e n  in  h e t m a a n d b la d  R a d io -E le c tro n ic a , 
w a a r v a n  d e  o p la a g  o n g e v e e r  2 0 .0 0 0  e x e m p la re n  b e d ra a g t ,  en  d a t  in  ru im e  m a te  
v e r s p re id  w o r d t  o n d e r  de s tu d e re n d e n  v o o r  de N R G - d ip lo m a ’s. H e t  b e s tu u r  h o o p t 
o p  d eze  w ijze  te v o o rz ie n  in een  d r in g e n d  g e v o e ld e  b e h o e f te  en  m e e n t d a t  te v e n s  
h ie rm e d e  la n g z a m e rh a n d  h e t s tu d ie m a te r ia a l  b e s c h ik b a a r  z a l k o m en , d a t  v a n  v ee l 
n u t  za l k u n n e n  zijn  z o w e l v o o r  v e le  o p le id e rs  en  h u n  le e r l in g e n  a ls  v o o r  d e ­
g e n e n  d ie  z ich  d o o r  z e lfs tu d ie  v o o rb e re id e n  v o o r  een  N R G -e x a m e n .

V o o r  b e la n g s te l le n d e n  zu llen  de o v e rd ru k k e n  te g e n  b e ta lin g  v a n  ƒ 0 .5 0  v e r ­
k r i jg b a a r  w o rd e n  g e s te ld  u its lu ite n d  bij de S e c re ta r is  v a n  d e  E x a m e n c o m m iss ie .

N IEU W E LED EN
E . G . D o rg e lo , B e z u id e n h o u ts e w e g  7, E in d h o v e n .
J. C . M o l, A m ste l 75, A m s te rd a m .
Ir. J. S ta r re v e ld , O u d e  A m e rs fo o r ts e  w e g  315 , H ilv e rs u m .
W .  C o s te ru s , J. v . V l ie t s t r a a t  84, H a a r le m .
L tz  II R . F . M . L e o n h a rd , v a n  W e e d e  v a n  D ijk v e ld s tr a a t  28, D e n  H a a g .

VOORGESTELDE LE D E N
W . G . J. v a n  d e n  B e rg h , v a n  N i je n r o d e s t r a a t  64, D e n  H a a g .  ( P .T .T . )
Ir . L. F . D e r t ,  B e r la g e la a n  102, H ilv e rs u m . ( P .T .I . )
D r . K . W .  H in k e l, D r . W .  L e y d s la a n  1, E in d h o v e n . (P h il ip s )
Ir . R . A . K a s p e r , W i lh e lm in a p a r k  36, O e g s tg e e s t .  (M a r in e )
Ir . H . A . R o d r ig u e s  d e  M ira n d a , B o sc h d ijk  341 , E in d h o v e n . (P h il ip s )
Ir . F . J. H . T im m e rm a n s , G r o e s s t r a a t  2, G e ld ro p . (P h il ip s )
D r . J. J. v a n  Z o l in g c n , V a n  L a w ic k  v a n  P a b s t s t r a a t  40 , A rn h e m . (K E M A )

DE N IEU W E LEDENLIJST
Bij d it  n u m m e r is de  n ie u w e  le d e n lijs t g e v o e g d . W i l t  U  n a g a a n  o f U w  n a a m , 

a d re s  en  tite l g e h e e l ju is t  o p g e n o m e n  is, en  — zo  n ie t — de s e c re ta r is  de  g e w e n s te  
c o rre c tie  o p g e v e n ?


