
Tape Recorder Type 7001 

The Tape Recorder has been designed as a two­

channel precision laboratory recorder with particular 

emphasis on frequency transformation. It uti I izes the 

frequency modulation (FM) techniques and the fre­

quency response is DC to 20,000 Hz. Four tape speeds 

are available with frequency transformation ratios of 

4, 10 and 40. A direct recording channel is included 

for tape identification and data reclaim. To allow for 

sequential analysis of nonstationary signals a variable 

length loop adaptor is supplied with the instrument. 

The instrument itself is of a compact so l i d-state 

design with plug-in card construction. Both recording 

and reproduce heads are of the long life .!errite type. 

The control panel is removable for remote operation. 
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1. Introduction 

General Introduction 

M ag net i c  tap e  reco rd i n g  h as p ro ved to be of i m mense va l u e  i n  modern soc iety. 

F ro m  its ear ly  beg i n n i ng i n  1 898, when the  dan i sh  sc ient ist and i nventor 

Va ldemar  Pou l sen  demonst rated h is f i rst "te leg raphone" ,  and up to modern 

i nst ru mentat i on  tape dev ices  a t remendous  amount  of sc ient i f ic effo rt a nd 

i nge n i u i ty h as been l a i d  down i n  mod i fy i n g  and i mp rovi n g  the  m agnetic 
reco rd i ng  and rep ro d u c i n g  tec h n ique .  

Even though  the re a re m any l i m it i ng  facto rs i n  mo d e rn tape  re cord i ng the  

ab i l i ty o f  such  systems to sto re i nfo rmat ion  for l ate r ana lys is ,  to exp and  and 1 
comp ress t i m e  sca les ,  and ,  by m u lt i chan ne l  re cord i n g  tech n iq ue ,  to p reserv e  

t i m e  c o i n c i dence between events has made the  mag net i c  tap e  reco rder  a 
key i nstru ment  i n  today' s  i nstru mentat ion  systems .  
Th e  co nt i n uous  i mp rovement  of mag net i c  reco rd i n g  tech n iq u e  o ve r  the l ast 

dec ades h as resu l ted i n  t he  deve lop ment  of var ious  reco rd i n g  p r i n c i p l es, such  

as  d i rect reco rd i ng ,  f req u e n cy mod u l at i on ,  pu lse cod i n g ,  p u lse w idth mod u l a­

t i on ,  amp l i t ude  mod u l ati o n  etc. 

A l l of t hese typ es of reco rd i n g  tec h n iq ues h ave the i r  advantages and d i s­
advantages,  bu t  the  most w idesp read reco rd i ng p ri nC i p l es used fo r genera l 

pu rposes and ana log measu rements today seem to be the  d i rect record i n g  

(with h ig h  f req uency b i as) and the  f req uency mod u l at i o n  tech n i q u es.  

I f  the  recorded (ana log)  data are to b e  sto red fo r l ate r o rd i n ary spectru m 

ana lys i s  of s i n g l e  sam p l es the  d i rect reco rd i n g  tech n i q u e  i s  t he  s i m p l est 
and most eco n o m i ca l  type of d ata p rese rvat i on .  

O n  the  oth e r  hand ,  i f  very h ig h  amp l i t ude  stab i l ity i s  req u i red , o r  i f  t he  sto red 

d ata ar e ve ry low freq uency v i b rat ions  o r  conta i n  necessary DC (stat i c) i n­

fo rmati o n  the  f req uency mod u l at i on  ( FM) tech n i q u e  i s  far  super i o r  to d i rect 
reco rd: ng . 

D ue to t h i s  sup e r io r i ty of FM reco rd i n g  i n  ana log  measu rement  systems the  

Tap e  Recorde r  Typ e  7001 u t i l i zes the  FM tech n iq u e  and g reat care h as been 

taken in  the  deve l o pment  of the  Reco rde r  to ach i eve op t i m u m  p erfo rmance 
and  re l i ab i l i ty of i ts var ious  comp onents .  

The Principles of FM Magnetic Tape Recording 

I n  most p ract i ca l  FM * ) mag net i c tape reco rd i n g  systems the  i np ut s i gna l  

f req uency mod u l ates a carr ie r  f req uency osc i l l ato r of freq uency fo to  a 

* ) Fo r a b r i ef exp l a n at i o n  of the c o n c e pt of freq u e n cy m o d ulat ion t h e  reade r i s  refe r red 

to A p p e n d i x  A.  
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max i m u m  frequency deviat ion, Ll f, (frequency " sw ing" )  of ± 40 % of the carr i e r. 
Fu rthermore ,  to obta i n  a reasonab ly  l arge dynam i c  range ,  even at the  h ighest 

modu l at i ng  f requency fmax. t h i s  i s  normal ly chosen to be approx i mate ly 1 /4 of 

the  to tal f requency d ev iation (Le. 20 % of the carr ie r) .  Al l  the s idebands 

necessary for a fa i thfu l rep rod uct ion  of the i nput  s igna l  w i l l  then be  recorded 
(see a l so Append ix A) . 
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Fig . 1 . 1 .  Typical frequency response characteristic of  the reproduce head in a 
magnetic tape recorder. 

With constant  frequency independent magnetiza tion of the tape and constant 
tape speed the output voltage from the h ead will, at lo w frequencies, increase 

with frequency because eout"'" 
d

d
� . A t  h igher frequencies where the wave­

length of the signal present on the tape becomes of th e order of magnitude 
of the head gap width averaging effects take place which cause the output 
signal eout to decrease with increasing frequency. When the signal wavelength 
equals the effec tive gab width of the head eout should theoretically become 
zero. At s till h igher frequencies the averaging effects become predominant  
and this part  of  the frequency response curve is  not  normally used in magnetic 

tape systems. 

The actua l  carr i e r  f req u ency chosen depends  bas ica l ly upon  the tape speed 

and the c h aracte r ist ics of the mag net i c  h ead , see F i g .  1 . 1 .  I n  the Tape Reco rde r  

Type  7001 th e h ig h est carr i e r  f req uency used i s  1 08 kHz  a n d  co nsequent ly  

the  h i g h est i nput  s igna l  f requency component  that can be  reco rded wi th  fu l l  

dynam i c  range i s  approx i m ate ly 20 kHz .  

A m ax i m u m  tape speed of 1 .524 mlsec (60 i n c h es per  seco nd) is  used . 

Th e cho ice  of car r ie r  f req uency,  tape speed and i npu t  s i g na l  f req uency range 

m ig h t  be  regard ed as  the  bas i c  facto rs in  t he  d es i g n  of an FM mag net i c  tape 
reco rd e r. F rom th ese facto rs , and a caref u l  d eve lopment  of  the tape t ranspo rt 

mechan ism as we l l as the  c i rcu i t ry used i n  t h e  reco rd and rep roduce  e l ec­

t ro n i cs ,  then  fo l lows the opt i m u m  ach i eveab l e  dynam i c  range .  The upper  l i m i t 

of t h is  range i s  set by the  so-ca l l ed dev i at ion  rat i o  *) and the  p h ase non-

* )  Devi at i o n  Rotatio n = M ax i m u m  Freq u e n cy Deviat i o n/Mod ulat i n g  Freq u e n cy,  s e e  a l so 

A p p e n d i x  A. 
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l i near i ty i n  the  c i rcu i t ry wh i l e  the lower l i m i t i s  no rma l ly d eterm i ned by the 

wow and f l utte r of the  tape transpo rt as wel l as spu r ious  ( random) no ises 
i n he rent in the reco rd e r. 

As can be seen f rom F i g .  1 . 1 t he  cha racte r ist i cs  of t he  rep rod u c i ng p rocess 

cause the a m p l i tude to vary cons i d e rab ly  with f req uency. Th is  var i at i on ,  wh i ch  

i n  d i rect reco rd i ngirep rod u c i ng systems is  of g reat i m po rtance ,  i s  i n  the  case 

of f req u ency mod u l at i o n  systems ,  of p ract i cal ly  no  i m po rtance at a l l because 

the am p l i tude i s  l i m ited (c l i pped) anyway befo re d etect i on  of the mod u l at i ng 

s i g na l  takes p l ace ( F i g .  1 . 1 ) ,  and the  mag net i c  tape can be  m agnet i ca l ly 
satu rated .  

A l so the  am p l i tu d e  vs .  f req uency no n l i near ity p roduced by  the  tape  i tse l f  due  

to  demagnet i z i ng effects of ne ighbour i ng  m ag n et i c  areas i s  u n i m po rtant i n  

FM systems fo r t he  same reaso n .  As  stated above, h owever, p h ase non­

l i near i t ies a re very i m po rtant and g reat care m u st be  taken to m i n i m ize 
and/o r  com pensate fo r th e i r  ex istence .  

Th e lowe r  l i m i t of th e dynam i c  range is ,  i n  s i n g l e  t rack reco rd i ng systems. 

no rm a l l y  d eterm i ned by wow, f l utter  and spu r ious  no ises.  

t 10 
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Fig. 1 .2. Typical cumulative noise and flutter characteristic m easured a t  low 
tape speeds and indicating the dependency of the noise level upon reproduce 

bandwidth . 

I n  m u l t i-track reco rd i ng systems,  o n  the  other hand , c rosstal k  between 

ch anne ls ,  and a fu rthe r  effect com m o n ly ca l l ed s kew o r  yaw a l so ente rs the  

p i ctu re . 

Wow and f l utte r are affected by many facto rs: Poss i b l e  sma l l excentr ic i t i es 

i n  t he  capstan o r  p i n c h  ro l l e rs ,  tens i o n  var iat ions  i n  the  tape,  var iat ions i n  

powe r supp ly  f req uency a n d  p h ase ,  mechan ica l  v i b rat i ons  i n  t h e  record e r, and 

fina l ly  f r ict ion effects and tape rou g h n ess. 

Some of th ese facto rs cause per iod i c  f l utte r  components wh i l e  othe rs a re of 

a m o re random natu re.  I f  the f l utter  was of a com p l ete ly  random natu re and 

no resonance effects were p resent in the tape system a m o re or l ess wh ite 
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i nherent no ise wo u l d  be expected . The output  vo ltage caused by such a 

no ise wou l d  i nc rease with the  sq uare root of the m easu rement bandwidth as 
i nd i cated by the  dashed l i ne  i n  F ig .  1 .2 .  I n  the f i g u re the f req uency sca le 
i nd i cates the m easu rement bandwidth. Actua l ly at  low frequenc ies per iod i c  

f l u tter com ponents a n d  tape system resonances cause the no ise vo l tage ,  and 
thus the  lower l i m it of the dynam ic  range ,  to vary wi th  measu rement band­

width as the c u rve d rawn in fu l l ,  i nd i cating that the  noise is here not com­
p l ete ly  "wh ite". 

The  c u rve shown h as been m easu red o n  a p rototype Tape Reco rd e r  Type 

7001 with a tape speed of 3.81 cm/sec ( 1 .5 i ps) . S i m i l a r  c u rves fo r othe r  tape 

speeds are given i n  F i g .  2 .4 .  

C rossta l k  between c h anne ls  i s  main ly  d eterm i ned by the shie l d i ng between 

the sect ions  of the magnet ic  heads be long i ng to d i ffe rent  channe ls  and the 

separat ion  d istance .  As the c rossta l k  p rocess i s  bas i ca l l y  d i ffe rent fo r FM and 

d i rect reco rd i n g  systems the two FM channe ls  in  the Tape Reco rde r Type 7001 

h ave been separated o n  the tape by a d i rect reco rd i n g  t rack .  (The d i rect re­
cord i ng channe l  is ,  however ,  on l y  m eant as a vo ice  chan ne l  fo r mark ing  and 

i dent i f i cat ion  of spec ia l  pa rts of  the  tape when des i red, and is  not i ntended 
to be  used fo r m easu rement pu rposes.)  This  togethe r wi th carefu l shie ld i ng 

of t he  h eads ensu res the c rosstal k between  the two FM channe ls  to be 

neg l i g i b l e  (be low the ove ra l l  i n h e rent no ise l eve l )  even when one  channe l  Is 
mod u l ated by a DC p rod u c i ng m ax i m u m  f requency d ev iat i on .  

Skew (o r yaw) i s  a m easu re o f  the phase (o r t i m e) e r ro rs between the  

channe ls  caused by  the skew ing  o r  yaw ing  o f  the tape as i t  passes over the  

heads .  This  effect i s  sma l l est when  the tape i s  reco rd ed and p l ayed back 

on  the same Reco rder  and can norma l ly be  i g no red . When d iffe ren t  Type 7001 

Reco rd e rs a re used fo r reco rd i ng and p l ay back the t i m i ng er ro r  between the 
chan ne l s  d u e  to skew may be roughly est im ated to be of the o rder  of one  

tenth o f  a step p u l se r i se  t i me ,  see  a lso "Spec i f i cat ions" .  

Whi l e  wow, f l utte r and c rossta l k cause erro rs and set  the l ower l i m i t of  the  
dynam ic  range fo r o ne d ata channe l , skew i nt roduces re l at ive e rro rs between  

two channe l s  and w i l l  thus  o n l y  be o f  any  i m po rtance when  the channe ls  a re 
used to dete rm i ne  exact phase re l at ionsh i ps between two reco rd ed s ig na ls .  
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2. Description 
General 

The Tape Reco rde r  Type 7001 is  des ig ned bas ica l l y  as a two-chan n e l  l abo rato ry 
recorde r  fo r f req uency transfo rmat ion  pu rposes. The reco rd i ng p r i n c i p les  

ut i l i zed in  the two measu rement channe ls  is  based on  freq uency mod u l at i on  
( FM) tech n iq u e  wh i l e  an  extra vo ice channe l ,  whi c h  i s  i n c l uded fo r mark i ng 

and tape ident i f i cat ion  pu rposes, em p loys o rd i na ry d i rect reco rd i n g .  

A l o o p  adapto r a l l ows deta i led analys is  o f  spec ia l  parts o f  a reco rd i ng and 

fou r  d i fferent speeds make i t  poss ib l e  e i ther  to br i ng  ve ry low frequency 

s i g na ls  u p  i nto the  ana lys i s  range of modern  ana log f req uency ana lyze rs, 

1-----------------------------------
1 I

I Recordi ng Section : , LP- j,lter I 
II fu = a 5,2, Frequency DIvider and Overload 

I Input 1 5 and 20kHZ FM-Modutotor Fiecord Head Drlv Arnpl. I 
, 0- 20 kHz Reset 

I 
I : Overlood 

Indication I 
I , I 11----- I I 

1--
To Channel n Output 1 Monitor 

, 

1 
I 

1�lc, 

,Channel 

IPlOY Boc 

Heod '-------1 

-----� i 
FM Measurement' 

Channel I I I 
_________ J 

Voice and Marker 

Channel 

VOice (hon I 
Eros. HOOdl 

,__ _ __ _ __ _ Preomp� l f
_
, er _ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ , 

Fig. 2.1. Block diagram of the signal converter and amplifier sections of the 
Tape Recorder. 
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o r  to b r i ng more h igh f req uency s ig na ls  down to the range  of d i rect g raph ic  

pen reco rd i n g .  Typ ical f i e lds  of a p p l i cat i on  are shock ,  v i b rat i o n  and no i se 

measu rements as we l l  as roo m aco ust i c  mode l  exper iments . A lso the record i ng ,  

sto r i n g  a n d  ana lys is  o f  two t i me- i nte rdependent phenomena  are poss i b l e  d u e  
to the two measu rement  chan ne ls .  

To  avo id  ove r load i ng ,  both measu rement  channe l s  are eq u i pped with peak 

respo nd i ng mete rs fo r s i gna l  l eve l contro l ,  and  spec ia l  ove rl oad i n d i cato rs 

are t r i ggered if the maxi m u m  reco rd i ng l eve l has been exceeded , see b lock  
d iag ram , F i g .  2 . 1 . I n  the b lock  d i ag ram o n ly one  FM-channe l  i s  d rawn up  
together wi th the vo ice  chan n e l .  The seco nd  FM-cha n n e l ,  however,  i s  i dent ica l  

to the one  shown . 
F i g .  2 . 2  shows the f req uency response of a s i n g l e  FM-channe l  whi l e  F i g .  2.3 

i nd i cates typ i ca l  d i ffe ren ces i n  the phase response') of the two channe ls  

conta i ned i n  one  Tape Recorder  Type 7001 . F i na l ly ,  F i g .  2 .4  shows typ ical 

i nhe rent no ise and f l utte r cu rves m easu red as a fu nct ion  of the rep roduce  

bandwidth. The w ide  band  dynam i c  range  i s  of the o rd e r  o f  48 dB .  I f  the  

record ed s ig na l  i s  to  be f req uency ana lysed the dynam i c  range w i l l ,  to  a 

certa i n  extent,  depend u po n  the analys is  bandwidth. M easu rements i n d i cate 

OOOOODDD O D O O O O ODDOO O DOOD D O DG OO ODD O O OOOOOD O D D OO O DO I';:.!..!.,!I.' + 10 D..--:C1'""""'r:ror::T":'r:T:l,..--,.----ror:r-lr-r':oc:T."1r-T"C'---r>-:w-.---".-:-r:-T��--:r-T--.---.--.-.., I 
�R';c;Qld.L.. . . � -:=r==1=t- : �� r- : IYIlO--100L-. • ;-: , � E[e��y_R '���5 in : ::: ��5" 1$-ip'S =' �lOips � �Cf---Dti-� 01'--- --i=T- ::: .= 

1672/0 

Fig. 2.2. Typical frequency characteristics of the Tape Recorder Type 7001 
valid for various tape speeds. 

* ) T h e  l i n es shown i n  F i g .  2 .3  re p resent  l i m i t c a s e s  for  t h e  p h ase d i fference to b e  ex pected 

between t h e  two m easu re m e n t  c h a n n els .  To m e a s u re the act u a l  p h ase d i ffere n c e  t h e  

i n p u ts to t h e  t w o  c h a n n e l s  sho u l d  b e  c o n n ected i n  p a ra l l e l  a n d  t h e  f req u e n cy of t h e  

i n p u t  s i g n a l  swept f ro m  0 Hz ( D C) to t h e  u p p e r  l i m i t i n g f req u e n cy co rrespo n d i n g to t h e  

tape s peed used . T h e  p h ase difference between t h e  t w o  o u t p uts s h o uld t h e n  b e  measu red, 

f o r  i n sta n c e  by m e a n s  of a d o u b l e  beam osc illosco pe, and stay w i t h i n  t h e  two l i n es i n  

F i g .  2 .3 (0° p h ase d iffe re nce a t  0 Hz a n d  ± 24° p h ase d iffe r e n c e  at t h e  u p p e r  l i m i t i n g 

f re q u e ncy. 24° p h ase " e rro r" c o r res p o n d s  to a p p rox i m at e l y  1 /1 0  of t h e  p u l se r i s e  t i m e) .  

T h e  p h ase d i ffe re n c e  d u e  to wow a n d  f l utte r w i l l  be o f  t h e  o rd e r  o f  1 0° .  B y  m a n u p u l at i n g  

w i th t h e  m e c h a n i ca l  pos i t i o n  o f  the re p rod u c e  h e a d  i t  i s  poss i b l e  to red u c e  the p h ase 

" e rro r" to the a b ove m e n t i o n e d  1 0° and t o  e n s u re t h at the " e r ro r "  b e  sym m et r i c a l  

a ro u n d  z e ro at t h e  f req u e n cy of t h e  s i g n a l  u s e d  fo r adj u s t m e n t ,  s e e  a l so A p p e n d i x  B. 
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Fig . 2.3. Limit lines for phase differences between the two m easurement 

channels contained in one Tape Recorder. 

that the dynam i c  rang e fo r one  thi rd octave f req uency ana lys i s  w i l l  be as 
shown i n  F i g .  2 .5a.  By st i l l  fu rther  red u c i ng the analys i s  bandwidth a dynam i c  

range a s  g iven i n  F i g .  2 .5b m ay be obta i n ed .  The ana lys is  was he re o f  the  
constant bandwidth type ,  the - 3 dB bandwidth used be ing  8 Hz .  

To a l l ow fo r conve n ient  operat ion  of the tape transpo rt contro ls ,  Record­

P laybac k-Sto p-Rew i nd-Fast-Fo rward and Speed Changes they a re a l l  l ocated 

� 1.0 o 
� 0.9 
J: . 8. 0.8 
� 0.7 
lii 0.6 -
:3 05 ... . 
.� 0.4 -.9 0.3 ::I � Q2 
u 0.1 

. I I .  I 
- Typica l curves of cumul.atlve flutter 

_ Recorded a nd played bock at speeds indicated 

./' Qs ............. V ,\c,' ;;-' --- 6ips -----=::1""" 

10 20 50 100 200 500 

/ --

1 000 

i5ips - 60ips� 

2 000 f(Hz) 5000 10 000 
High cut off Frequency 166201 

Fig. 2.4. Typical cumula tive noise and flutter curves m easured on the Tape 
Recorder Type 7001 a t  various tape speeds .  
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Fig. 2.5a . Spectrograms showing the results of one third octa ve frequency 
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a) Tape speed 1 .5 ips .  c )  Tape speed 15  ips .  
b) Tape  speed 6 ips .  d) Tape speed 6 0  ips .  

b. 

d. 
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Fig. 2 .5b, Similar to Fig . 2.5a . However the m easurement bandwidth was in 
this case 8 Hz. 

a) Tape speed 1 .5 ips, c) Tape speed 15 ips .  
b) Tape speed 6 ips . d) Tape speed 60 ips .  

b. 

d. 
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i n  a sma l l co ntro l  box whi ch can e i the r be i nserted i nto the f ro nt of the i n­

st rument ,  o r  can be taken out  fo r remote cont ro l  of the Recorde r . The tape 

ree l  s i ze to be used i s  a 26.5 cm (10 .5 i nches) ree l w i th NARTB hu b ,  o r  

17.8 cm (7 i n ches) ree l w ith C i n e  type hu b .  
The Tape Reco rde r  i s  des igned t o  ope rate i n  an  env i ro n mental  tem pe ratu re 

range  of 0 to + 40 ° C (32 to 1 05 ° F). 

Description of the Measurement Channels 

The two measu rement  channe l s  are i d ent ica l  and ut i l i ze the standard FM 

techn ique .  Each channe l  cons ists of a recording section and a reproduce 

section,  see F ig .  2 .1 .  Separate mag net i c  heads are used fo r the reco rd i n g  and 

rep rod uct io n .  

The head s are o f  spec ia l  const ruct i on  o f  g l ass bonded ferr i te mate r ia l  fo r 

low wear w i th gap w id ths of 3 Ilm � � ( 120 ,u i nches � �O) fo r the reco rd 

head and 1.5 lim ± 0.3 (60 ,ldnches ± 12) fo r the rep roduce  head . 

O n e  sho u l d ,  howeve r, be carefu l  not to damage the po l i shed co ntact su rface 
of the heads by sc ratch ing  o r  by chi p p i n g .  

I n  the fo l lowi ng  a b r i ef desc r i pt i on  o f  the var i ous  b l oc ks shown i n  the b l o c k  

d i ag ram ,  F i g .  2 .1 i s  g iven ,  sta rt i ng w i th the recording section: 

From the INPUT terminal, whi ch is a standard B & K 14 mm coax ia l  socket,  the 
i n put  vo ltage is led to a va r iab l e  atten u ato r v i a  a reco rd swi tch. 

The RECORD switch sho u l d  be  set to pos i t io n " Ref . " ,  "AC " ,  " DC" or " Off" 

depend i ng upon  the pu rpose of the record i ng, see a l so "Operat ion"  (o r 
"Contro l  Knobs and Term i na ls" ) . 

The variable a ttenuator i s  bu i l t as a lad d e r  type attenuato r and i s  i nd ependent  

of f req uency to w i th i n  ± 0 .1  dB i n  the f req uency range from DC to 20 kHz .  I ts  

i n put  i m ped ance i s  20 k Q ,  whi ch i s  thus  a lso the reco rde
"
r i n put  i m pedance ,  

and  a tota l atten u at i on  range of the i n put  s i g na l  of 28 dB is  ava i l ab l e  in  the 

fo rm of fou rteen  2 d B  steps .  The var iab l e  attenuato r is fo l l owed by a Calibration 

Selector.  

The Calibra tion Selector has f ive pos i t ions  of whi ch two (pos. 1 and 2) 

serve fo r the zero and ga i n  ad j ustment  of the rep roduce  DC am p l i f i e r. A 

fu rthe r pos i t ion  (3) a l l ows the exact sett i n g  of the carr ie r f req uency i n  the 

mod u l ato r of the reco rd i ng sect i on  whi l e  pos i t i on  4 is used fo r mod u l ato r g a i n  

sett i n g .  
F i na l ly ,  pos i t i on  0 con nects the w i d e  b a n d  DC a m p l i f i e r  i n  the reco rd i ng 
sect i o n  to the o utput  of the var iab l e  attenuator ,  i . e .  the Reco rd er  i s  ready fo r 

operat i o n  when the ca l i b rat i on  se l ecto r i s  i n  pos i t i on  O. 
When the ca l i b rat i on  se l ecto r i s  i n  any pos i t i on  othe r than 0 the tape t ranspo rt 

m echan ism is  locked . 
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The wide-band DC-amplifier i s  used fo r vo ltage am p l i f i cat i on  and ensu res 

that a very low o utput i m pedance is p resented to the succeed i ng low pass 

f i l te r and m eter c i rcu i t .  The am p l i f i cat ion  of the stag e i s  approx i m ate ly 1 0  d B  
and to safeg uard the am p l i f i e r, i n p ut s ig na ls  higher than 15 vo l ts are auto m a­

t i ca l l y  c l i pped . With in  the p resc r i bed f req uency and dynam i c  ranges of the 

Tape Reco rd e r, howeve r, the harmon i c  d i sto rt i on  i n  the am p l i f i e r  i s  less than 

0 . 1  % .  As the am p l i f i e r  i s  bu i l t as a d i ffe rence am p l i f i e r  wi th a la rge  amo u nt 
of negat ive feed bac k a ve ry h igh stab i l i ty ( DC d r i ft and tem peratu re dependency 

l ess than 0.5 % in 24 ho u rs) has been achieved . 

The low pass filter, whi ch i s  connected to the output  of the DC w ide  band 

am p l i f i e r , ensu res that o n ly that part of the i n put  s ig na l  f req uency range 

whi ch can b e  correct ly reco rded on  the tape ,  w i th the chose n tape speed i s  

passed o n  to  the FM mod u l ato r .  I f  a too h igh  mod u l at i ng  f req uency was 

a l l owed to pass i t  wou l d  resu l t  i n  u ndes i red beat f req uenc ies and wou l d  

a lso i nf l uence  the dynam i c  range o f  the record i ng , see chapte r " I ntrod uct i o n "  

a n d  Append ix A .  The l o w  pass f i l ter has bee n d es ig ned a s  a norma l  LC-RC 

f i l ter  and the r i p p l e  i n  the pass band is l ess than 0.2 d B .  It is automat ica l l y  
swi tched to  g ive the co rrect f req uency response by m eans o f  the  tape transpo rt 

speed se l ecto r .  Typ ica l  f req uency respo nse c u rves fo r the low pass f i l ter  are 
shown in F i g .  2.6 . 

Memurin9 Objed: __ _ Bri.iel &. Kjmr • Brliel &. Kjcar 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Fig . 2 .6 .  Typical frequency charac teristics for the low pass filters contained 
in the recording section of  the Tape Recorder Type 7001. 

The FM mod u l ato r is  con nected to the low pass f i l te r and cons ists of an  

i nteg rat i ng  netwo rk ,  a w i d e  band  DC am p l i f i e r, a s i g na l  m ix i n g  netwo rk,  a 

vo ltage contro l led osc i l l ato r ,  a d isc r i m i nato r d r ive am p l i f i e r  and p rec i s ion  
l i m i ter ,  and a f req uency d isc r i m i nato r c i rcu i t .  

In  the i n put  to the FM mod u lato r the d ata s igna l  i s  m i xed wi th a negat ive 
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feed back s igna l  de r ived from the  f req uency d iscr i m i nato r output  of the  w ide  

band DC am p l if i e r . Th is  am p l if i e r, wh i ch  i s  of the d iffe rent ia l  type to ensu re 

low d r ift characte r ist ics ,  d r ives a co ntro l cu rrent th ro u g h  the  co res i n  a f ree­

ru n n i ng i nd u ct ive m u l t iv i b rato r .  In  th i s  way a squ are wave output  s ig na l  is 

p roduced th e freq uency of w h i c h  i s  p roport iona l  to t h e  d ata s igna l  vo l tage ,  

i . e .  t he  c i rc u it operates ,  i n  essence as  a vo l tage contro l l ed osc i l l ato r. 

A feed back s igna l  i s  d er ived f rom the  output  of the vo ltage co ntro l led osc i l l ato r 

by m eans of an  FM d isc r i m i nato r s i m i l a r  to that used i n  the  FM rep rod uce 

u n i t .  Th is  feed back s ig na l  i s  as  m ent io ned above m ixed wi th  the  d ata i n put  

s ig na l  p rov id i ng an  except iona l l y  stab l e  ove ra l l perfo rmance and ext reme ly  
good l i near i ty characte r ist i c  fo r the voltage to f req uency co nvert i on .  

The center  f req uency o f  the FM mod u l ato r i s  2 1 6 kHz and i s  ca l i b rated aga i nst 

a refe rence generato r as desc r ibed under  "Cal i b rat io n". Both the carr ie r  f re­

quency and the g a i n  of the FM mod u l ato r are adj usted by means of screw­

d r iver  operated potent iomete rs .  O n e  of the  potent iomete rs (frequency adjust­
ment) co ntro l s  the  zero-b ias cu rrent i n  the m ag net i c  cores of the mod u l at ion  

m u l t iv i b rato r v ia  the  b ias c u rrents i n  the  DC w ide  band am p l if i e r  stage.  The 

seco nd adj ustment potent iometer  contro l s  the  negat ive feed back i n  the  am p l i ­

f i e r  and thereby the  g a i n .  

T o  a l low a s  s i m p l e  a n d  stab l e  c i rc u i t ry a s  poss i b l e  t o  be used i n  the  mod u l ato r 
o n ly o ne car ri e r  f req uency (21 6 kHz) i s  e m p loyed , i n d ependent of tape speed . 

The actua l  carr i e r  f req uency used o n  the  tape i s  then  obta ined by frequency 

d iv i s ion  afte r  the  mod u l at ion  p rocess h as taken p l ace.  

The  frequency divider used in  the  Tape Reco rd e r  7001 cons ists of  seven 

b i na ry f req uency d iv iders d iv id i ng the  f requency of  the  "o r ig i na l "  FM s ig na l  

by facto rs of 2 ,  8, 20  o r  80. 

Two of the b i nary d iv i de rs a re con nected in a spec ia l  ar rangement to ach i eve 

a 1 : 2.5 d iv is ion  wh i l e  the  remai n i ng operate as o rd i nary b i nary c i rcu its. The 

l ast f l i p-f lop  a lso supp l ies the  d r i v i ng  powe r to the reco rd h ead . To obta i n  

opt i m u m  operat i ng cond i t ions fo r the  tape,  t he  m ag net i c  f ie ld  p rod uced by 

th e h ead i s  adj usted so that i t  j u st satu rates the tape. If the tape h ad been 

"over"  satu rated i t  wou l d  h ave affected the  c rossta l k  between  the  c h an ne ls ,  

wh i c h ,  i n  the d esc r ibed a rrangement i s  neg l i g i b l e .  
So l id state sw itch es ,  contro l l ed f rom the  tape speed se lecto r, a re  used to 

act ivate the  d iffe rent f l i p-f lop  c i rcu its to e nsu re co rrect f req uency d iv is io n .  

An  OVERLOAD indica tor h as been i nt rod uced t o  avo i d  over load i ng o f  t h e  

mod u l ato r. I t  h as been adj usted t o  l i ght  u p  w h e n  t h e  i n p ut s igna l  peak va l u e  
exceeds 1.5 Vo lts .  However, a s  t h e  i n d i cat i n g  c i rcu i t  needs a certa i n  (very 

sma l l) amou nt of ene rgy befo re i t  w i l l  l ight  it w i ll react d iffe rent ly  to d iffe rent 

k i nds  of i np ut s i g na ls ,  somewhat dependent upon  the s i g na l  c rest factor·) . 

• ) Crest factor = Si g na l  peak value 

Si gna l RMS value. 
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I f t he  i n put  s i g na l  cons ists of rectang u la r  p u l ses wi th  c rest facto rs lower than 

5 the  ove r load i n d i cato r w i l l  i nd i cate the  t rue peak val ue  of the  s i g nal . I n  

the  case of w ide  band (20 - 20,000 Hz) gauss ian  random no ise wi th  a f lat 
power spectru m ,  o n  t he  oth e r  h and , t he  i nd i cato r w i l l  l igh t  u p  fo r a vo ltage 

a round  2 .5 X RMS va l u e  of the no ise ,  and t h i s  i s  then not  the h ig h est va l u e  

o f  the  i np ut s i g n a l .  

Shou l d  i t  b e  des i red t o  reco rd no ise s ig na ls  fo r l ater  s i g na l  analys is  where 
peaks h ig h e r  than  2 .5 0 (0 = RMS va l u e) are regarded essent ia l  fo r the  analys is  

th i s  shou l d  t hus  be kept  in  m i nd .  

T h e  over load i nd icato r w i l l  when  once l i t ,  rema i n  l i t u nt i l  i t  i s  re l eased by 

p ress i n g  t he  reset button (wh i ch  covers the l amp) . 

A lso the  indica ting meter m easu res the  peak va l u e  of t he  i nput  s ig na l  (at th e 

output  of th e i nput atten u ato r) when the  Function Selector i s  i n  pos i t i on  

" Reco rd "  o r  "Stop" .  Aga i n  ce rta i n  l i m itat ions  a re p resent fo r the  i n d i cat ion  

d u e  to  the  (smal l) power co nsu m pt ion  o f  the  mete r c i rc u i t. Fo r pe r iod i c  s ig na ls  

the  t rue m ax i m u m  peak va l ue  i s  m easu red fo r s ig na ls  w i th  c rest facto rs u p  to  

4 ,5 ,  wh i l e i n  the  case of w ide  band no ise  the  m easu red va l u e  w i l l  be of the  
o rder  of 2 o. 
I f t he  RECO RD switch i s  i n  pos i t ion  " Off" and the  Function Selector i n  pos i t i on  

" Reco rd " the  m ete r c i rc u it i s  con nected d i rect ly to  the  I N PUT term ina l s  by­

pass i ng the  i n put attenuato r .  When record i ng is m ade  o n  one  channe l  o n ly 

the  m eter  c i rc u i t of the  second channe l  can the reby be used to mon ito r the  

s igna l  t hat h as actua l ly  been recorded o n  the  tape. To d o  so i t  i s  o n l y  

necessary t o  m a k e  an exte rna l  co n nect ion  between  the  O UTPUT term i na l  of 
channe l  i n  use and the I N PUT term i na l  of the channe l  not i n  use and to set 

the R ECO R D  switch of t he  l atte r channe l  in pos i t i on  " Off" . 

I f  the  Function Selector i s  set to pos i t ion  " P l ay-bac k" the  i n d i cat i ng meter i s  

automat i ca l l y  sw itched to  mon ito r  the  ou tpu t  s ig na l  f rom the  rep roduce  sect i o n ,  
see F ig . 2 . 1 . 

The  reproduce section i s  actua l ly  an " i nverted " reco rd sect i o n .  As can be 

seen f ro m  the  b lock  d iag ram ,  the  s i gna l  f ro m  the tape i s  p i c ked up by a 
rep roduce  h ead and fed to a p ream p l i f i e r. 

Th e reproduce preamplifier h as been d es ig ned to g ive a ve ry h ig h  amp l i f ica­

t i on  (of the  o rd e r  of 1 20 d B) and a low no i se l eve l .  Because the  output f rom 

th e rep rod uce  h ead var ies w i t h  f req uency and tape  speed and i s  lowest at 

t he  lowest center  f requency (2.7 kHz) the  am p l i f icat ion  i s  g reatest at low 

f req uenc ies and d rops off  g rad ua l ly as th e f req uency i nc reases. Furthermore ,  

to  obta i n  an  eff i c ient  a m p l i tude l i m itat i on  w i th  zero p h ase sh ift ,  and thus  a 

stab l e  operat ion  of the  a m p l i f i e r  at a l l f req uenc ies ,  a d iode c l i pper  h as been 
i nt roduced in  the  negat ive feed bac k c i rc u it .  

The limiter amplifier fo l low i ng the p ream p l i f i e r  actua l l y  conta i ns  two amp l i f ie rs 

ut i l iz i ng  a d iode cou p led feed bac k c i rcu i t  to acco m p l ish  the  d es i red l i m it i ng 

operat ion .  The c i rc u i t  behaves as a convent iona l  open loop ,  h ig h  ga in  am p l i f ie r  
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u n t i l  the  output  vo ltage exceeds the  fo rward conduct ion  l eve l ( knee) of the  

feed back d iodes. Above th i s  l eve l the  negat ive feed back becomes 1 00 % 
and thus  sharp ly  l i m its the output am p l i tude .  

The  FM discriminator (demod u l ato r) co nta i ns a mo nostab le  m u l t iv i b rato r wh i ch  

i s  t r i ggered by  the  p u l ses d eve loped i n  the  l i m i ter  am p l if i e r  and  d iffe rent iat i ng 

c i rc u i t .  In  t h i s  way the f req uency of the  m u l t iv i b rato r i s  d eterm i ned by the 

freq u ency of the  rep roduce i n put  s i g na l . To co nvert the  f req uency va r iat ions  

i nto vo ltage var iat i on  (demod u l at i on  of  the  s i g na l) the  output  p u l ses from the  

m u lt i v i b rato r are sh aped to  h ave equa l  and ve ry sharp ly  d ef i ned w idths  and 
he i g hts ,  whereafte r they are led to  a low pass f i l te r .  The  n u m b e r  of pu lses 

per seco nd wi l l  t hen  d eterm i n e  the m ag n i tude  of the output  voltage from the 

low pass f i l te r ,  or  sa id  in  othe r  wo rd s :  t he  n u m be r  of  eq ua l  p u l ses per  seco nd 

d eterm i nes the  (var iab l e) " DC" output  f rom the  f i l te r. 
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Fig . 2.7. Typical frequency characteristics for the low� pass filters contained 
in the reproduce section of  the Tape Recorder. 

The low pass filter is a seven-po l ed constant-k  type  f i l ter  and th e r i pp l e  i n  

t h e  passband i s  l ess than  0 . 1  d B. A ve ry h ig h  atten uat i on  i s  obta i n ed outs i de  

the  passband as  can be seen  f rom F i g .  2 . 7 .  I t  shou l d  be noted i n  th i s  
c o n n ect ion  that the  p u l ses obta i ned from the m u l t iv i b rato r h ave a repet i t i on  

freq uency wh i c h  i s  tw ice that o f  the  " i nstantaneous" car r i e r  freq uency.  Th is  

i s  due  to  the  fact that one  pu lse i s  p rod uced per  zero-c ross i ng of the  carr ie r ,  

no m atte r wh eth e r  the  c ross i n g  takes p l ace w i th  a pos i t ive  or  a negat ive s lope .  

F ro m  the  low pass f i l ter  the  d emod u l ated s i g na l  i s  fed to  a DC w ideband 

am p l i f i e r  the  output  of wh ich  i s  connected to the  Tape Reco rd e r  output 
te rm i na l .  
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Th e output DC wideband amplifier i s  a d i ffe rent ia l  type am p l i f i e r  w i th  one  i nput  

connected to the  output  of the  low pass f i l te r ,  wh i l e  the  seco nd i n p ut is  
con nected to a DC s ig na l  wi th  a magn i tu d e  correspond i ng to that obta i ned 

f rom the f i l ter  w i th  zero mod u l at ion  of the  carr ie r. To obta i n  the des i red 

amou nt of negat ive .feed back i n  the  am p l i f i e r  part of the output s i gna l  is a lso 

fed to t h i s  seco nd i n put .  The  DC d r i ft i s  l ess than  0 .5  % per  24 hou rs ,  the  

ha rm o n i c  d i sto rt i on  is  l ess than 0 .1 % and the  ove ral l amp l i f i cat i on  is  

approxi mate ly 10 d B. An output  i m ped ance of l ess than  5 Q h as been ach ieved 

and the output  may be sho rt c i rcu ited w i thout  damag i ng the am p l i f i e r. How­
eve r, even though  the  o utput  i m ped ance is very low the  output  sho u l d  not be 

loaded with an  i m ped ance sma l l e r  than  1 kQ to ensu re l ow d i sto rt i on  (th e 
output  am p l i f i e r  i s  no power amplifier) . A max i m u m  output  vo l tage of 1 Vo l t  

RMS (s i newave) i s  the  bas i s  fo r the d i sto rt ion  characte r ist ics  g iven above 

Th e necessary zero and g a i n  adj ustments of the am p l i f i e r  are made by means 

of  sc rewd r iver  ope rated pote nt iomete rs. Ze ro adj ustment i s  carr ied out by 

adj ust i ng the  base-b ias of the  i n put  t rans isto r wh i l e  the  g a i n  adj ustment takes 

p l ace i n  the amp l i f i e r  negat ive feed back c i rcu i t .  

Calibra tion of  the FM measu rement channe ls  is  based on  two b u i l t- i n  ca l i b ra­

t ion  generato rs , one  of wh i ch  is used to ca l i b rate the  rep roduce  sect ion  

(Cal i b rat ion  F req uency Gene rato r) and  a seco nd (440 Hz  1 Vo l t  Ref. Gene rato r) 

wh ich  i s  used fo r g a i n  ad j u stment i n  the FM mod u l ato r c i rc u it of the  reco rd i ng 
sect ion ,  see a lso F ig. 2 .1 .  

Th e calibra tion frequency generator supp l ies a s ig na l  of 108 kHz to the  

rep roduce  sect i on  when the  ca l i b rat ion  se l ecto r i s  i n  pos i t ion  1 .  Th is  f re­

f req uency co rrespo nds to the  h ig h est u n m od u lated cente r f req uency (tape 

speed 60 i ps) and is  used fo r zero sett i ng  of the reco rd i ng sect ion .  With 

the  calibra tion selector i n  pos i t i on  2 a f req uency of 64 .8 kHz i s  supp l ied 

to the  rep roduce  sect i on  w h i c h  co rresponds to a - 40 % f req uency d ev iat i on ,  

i .e. the  m ax i m u m  amou nt o f  a l l owab le  f req uency mod u l at ion. By ad j u st i ng the  

vo l tage l eve l a t  the  output  term i na l ,  see  F ig. 2 .1, to  1 .4 Vo lts the  nom i na l  ga in 
of the  output  DC w ideband am p l i f i e r  i s  then  set. The stab i l i ty of both th e 

ca l i b rat i o n  f req uenc ies i s  bette r than 3 X 10-5/ ° C i n  the  n o rma l  operat i ng  

tem peratu re range o f  the  record e r  (0-40 ° C). 

Th e stab i l i ty of the ca l i b rat i on  f req uency generato r a l l ows the  rep rod uce 

sect ion  of  t he  reco rd e r, when p rope r ly ca l i b rated , to  be  used as a f req uency 

meter  fo r ad j ust i ng the  m a i n  center  f req uency i n  the  FM m od u l ato r of the  

reco rd sect i on  (216 kHz) .  Th i s  is  carr ied out  by  sett i ng the  calibra tion selector 

to pos i t ion  3, whereby the  output f rom the  f req uency d iv i d e r  (108 kHz) i s  

connected to  the  rep rod uce sect io n ,  and adj ust i ng  the  sc rewd r ive r ope rated 

potent i ometer  m arked " D C  Ba l . -Reco rd " u nt i l  t he  mon ito r i n g  meter is o n  
zero .  

T o  set the  g a i n  contro l  of the  F M  mod u l ato r th e ad j ustment sw itch is  set to 

pos i t ion  5 whereby the  "440 Hz ,  1 Vo l t  Ref .  Generato r" , F ig . 2 .1 ,  is co n nected 

to the i n put  of the reco rd sect ion. 
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The 440 Hz, 1 Volt reference generator i s  an  RC-cou p l ed (dou b l e  T-c i rcu i t) 

osc i l l ato r wh i ch  i s  tu ned to 440 Hz (m us ica l  p i tch A) . A d iffe rent ia l  type 

am p l i f i e r  is  used as am p l ify i ng  e lement  and a spec ia l  vo l tage dou b l i n g  and 
l i m i t i n g  c i rcu it  e nsu res co nstant amp l i tud e  of  the  refe rence s ig na l  as wel l 

as a c e rta i n  des i red l i m itat ion  i n  th e d r i v i ng  powe r of the  osc i l l ato r .  The output  

vo l tage i s  s i nuso ida l  and h as an RMS val u e  of 1 Vo l t  ( 1 .4 Vo lts peak va l ue) .  

Its a m p l i tude  stab i l i ty ,  w i th i n  the  'Jperat i n g  tem peratu re range of the  reco rde r, 

i s  better  than  0 .02 % per  0 C,  and the f req uency d r ift i s  l ess than  0.1  % 
per  ° C .  

Apart f rom i t s  u s e  a s  refe rence s ig na l  i n  t he  ca l i b rat i on  o f  the  Tape Reco rder  

t he  gene rato r a l so su p p l i es the  co ntro l  s ig na l  to  the  m arke r u n it (see next 
sect ion  " Desc r i pt i on  of the  Vo ice  Channe l ") .  

Description o f  the Voice Channel 

Th e vo ice  channe l  h as been i n c l uded in th e Tape Reco rder  to a l l ow fo r 

mark i n g  and i dent i f icat ion  of the  tape.  It ut i l izes d i rect reco rd i ng tech n i q u e  

w i t h  H F-b ias but  no  spec ia l  a r rangements h ave b e e n  m a d e  t o  obta i n  h ig h  

qua l i ty reco rd i ng a n d  rep roduct ion  ove r a w i d e  freq uency range .  Because th e 

channe l  i s  o n ly i ntended to be  used fo r i dent i f i cat ion  pu rposes a m i n i m u m  

amou nt  of f req u ency eq ua l i zat i on  tech n iq u e  h as been ut i l ized a n d  t h e  f re­

q uency respo nse is " f lat" o n l y  f rom 300 Hz to 3 kHz ,  t he  band l i m its h e re 

be i ng  the  - 6 d B  po i nts o n  the  f req uency cha racte r ist i c .  

A sma l l dynam i c  type m ic rophone  i s  su p p l i ed with the  Reco rd e r, wh ich  g ives 

an o utput vo l tage of approx i m ate ly  1 mV fo r an i n put  sou nd p ressu re l eve l  

of a rou nd 95 dB ( no rma l  c l ose ta l k i ng l eve l) .  Th e norma l  operat i ng  i n put  

l eve l  of the  channe l  shou l d  thus  be in  the  o rd e r  of 1 mV ± 1 0 dB .  The i npu t  

i m pedance i s  approx i m ate ly 1 k Q .  An output  vo l tage o f  aro u nd 1 Vo lt  RMS 

is  ava i l ab le  o n  the  m o n ito r te rm i na ls ,  and the  m i n i m u m  va l u e  of  th e load 

i m pedance sho u l d  be 2 kQ . 

Th e vo ice  channe l  cons ists of t he  m i c rophone ,  an AVC (Automat i c  Vo l u m e  
Contro l )  u n i t ,  an output  am p l i f i e r  fo r d r i v i ng  o f  the  reco rd i ng h ead , a reco rd 

h ead , a b i as and e rase generato r,  an e rase h ead , a rep roduce  h ead and  a 
rep roduce p ream p l if i e r . 

To e nsu re cor rect mark i ng of the  tape the  reco rd and rep rod uce h eads fo r 

the vo ice  channe l  h ave been b u i l t togeth e r  wi th  the  correspo nd i ng heads 

of the  measu rem ent chan ne ls .  The reco rd ireprod uce switch i ng of the  channe l  

I S  m aae by means  of  re l ays contro l l ed f rom a push butto n mou nted o n  the 

m i c rophone .  I f  the  b utto n i s  pushed the  channe l  i s  ope rated in  i ts  reco rd i ng  

mode ,  wh i l e ,  whenever  the  butto n i s  re leased , i t  ope rates i n  i ts rep rod uce  

mode .  

Whe n  operated i n  i ts  vo ice  recording mode the  s ig na l  f rom the m ic rophone  

is  led  v i a  a re l ay co ntact to  the  i n put  of  the  A Ve unit, see  F i g .  2 .1 .  Th is  u n it 

cons ists of a set of p reb iased d iodes fo l l owed by a two-stage l i near  am p l if i e r . 

The b i as o n  the  d iodes d ete rm i nes the operat i n g  cha racte r ist i c  of the  u n i t .  
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Fig. 2.8. Principle
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of  opera tion of the A Ve in the voice channel (see a lso 
Fig . 2.1) .  

see F igs .  2 . 1  and 2 .8 .  By us i ng the  rect i f i ed and smoothed o utput  s igna l  f rom 

the o utput  am p l i f i e r  to  b i as the  d iodes the d es i red auto m at i c  reg u l at ion  o f  

the  o utput  s i gna l  i s  obta i ned , whe reby an i n put  var iat i on  o f  20  d B  is  com­
p ressed to  an o utput  s ig na l  var iat ion  of 3 d B . Typ ica l  reg u l at i on  c h a racte r ist i c  

fo r the  com p l ete reco rd i n g  channe l  (except fo r the  m ic rophone  and  the  
mag n et i c  h ead) is shown i n  F ig .  2 .9 .  
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Fig . 2 .9 .  Typical regulation characteristics for the voice channel when switched 
for recording. 
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The AVe u n it i s  fo l l owed by the  output amplifier wh ich  a l so conta i ns  the  low 

and h i g h  pass f i l te rs necessary to keep the f req uency range of the vo ice  
channe l  i nd ependent  of tape speed . 

From t h e  output  am p l i f i e r  the  s i gna l  i s  l ed to the  reco rd i ng h ead and record ed 

on  t h e  tape togethe r  wi th  the  H F-b i as f ro m  the erase and bias generator, 

F ig .  2 . 1 . Th i s  generato r is bu i l t as a push-pu l l  s i n e  wave osc i l l ato r to ensu re 
sym m etr ica l  b i as and e rase c u rrent .  The  f req uqency of the  generato r i s  
approx i m ate ly  1 00 kHz .  

I f  th e pushbutto n o n  the  m ic rophone  i s  re l eased the  vo ice  channe l  ope rates 
i n  i ts reproduce mode. A l l  t he  am p l i fy i ng stages at the  reco rd i ng sect i o n  are 

then a l so ut i l ized fo r the  rep rod uct io n .  Howeve r, the  AVe u n i t  i s  then  sw itc h ed 

out  of operat ion  and subst i tuted by a voice channel playback preamplifier. 

Apart f ro m  ad d i ng the necessary am p l i f i cat i o n  to the very low level s i gna l  

from the  rep roduce  h ead th i s  am p l i f i e r  a l so conta i ns  the  eq ua l izat ion  netwo rks 

used to com pensate fo r the f req uency d ependent response of the e l ectro­

m ag n et i c  rep rod uce p rocess (see F i g .  1 . 1 ) .  

Wh en  the  vo ice  channe l  ope rates i n  the  rep roduce  mode the  m ic rophone  acts 

as " I o u dspeaker" .  If des i red an ext ra mon i to r i ng dev ice ,  fo r i nstance a set of 

h ead p h o nes can be connected to the output  marked M O N ITOR .  The i m pedance 

of the  m o n i to r i ng d ev ice  m u st ,  h owever ,  not be  l ower than  2 kQ . 

Description of the Marking Arrangement 

Wh en the  MONITOR switch i s  he ld  in the pos i t i on  " M arker"  (sp r i ng  loaded)  the  

s ig na l  f ro m  the  "440 Hz , 1 Vo l t  Ref .  Generato r" i s  auto m at i ca l l y  reco rded o n  the  

the  vo i ce  c h a n n e l .  The  ma i n pu rposes of th i s  k i nd of mark i n g  i s  to use the  
440 Hz s i g na l  to  cont ro l  the marker unit d u r i ng p l aybac k .  Th i s  u n i t ,  wh ich  con­
s i sts of a se lect ive a m p l i f i e r/ rect i f i e r  stag e and two re l ays , then  cont ro l s  the  

sw i tch i ng of the  Brue l  & Kj re r  Spectromete r Type 2 1 1 2  wh e n  f req uency ana lyses 

a re made from tape loops and recorded g raph ica l ly by m eans of the Leve l 

Record e r  Type 2305 . A d iag ram show ing  the  operat ion  of the mark i ng  u n i t 

d u r i ng p l ayback of  a tape loop i s  shown i n  F i g .  2 . 1 0 . To fu l l y u nde rstand 

the operat i on  of the  mark i ng system d u r i ng p l ay-back i t  may be h e l pfu l to 

sp l i t  up the exp lanat i on  of the  d iag ram in two parts.  

1 .  T h e  s i g na l  on a tape loop i s  to be f req uency ana lyzed by m eans of the  

B & K Spectro m ete r Type  2 1 1 2  and recorded g raph ica l ly o n  the  Leve l 

Reco rde r  Type 2305 the l atte r be i ng  supp l ied wi th  uncalibra ted recording 
paper. 

Th i s  is done  by mark i ng  the  loop  In one  spot and con nect i ng o n ly t he  

p l ugs  m arked 7001 and 21 1 2  of the  cab l e  AQ 001 6 ,  i . e .  l eav i ng  the  

p l u g  m a rked 2305 u ncon nected . Each t ime the  m arked spot  of the  tape 

passes the rep roduce  h ead of the Tape Reco rd e r  the re l ay marked CD i n  

F i g .  2 . 1 0 c loses and the  f i l ter  sw itch i n  the  Spectrom ete r steps one  

f i l te r  ah ead . I n  t h i s  way a one  th i rd octave f req uency ana lys i s  of t he  

s i gna l  is  obta i ned . 
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I f  an  octave analys i s  of th e d ata i s  des i red , rathe r  than a one  th i rd octave 

analys is  t hen  th ree spots o n  the  tape loop shou ld  be marked , caus i ng 
the  f i l ter  swi tch i n  t he  Spectrometer  to m ove th ree f i l ters ahead per  

com p l ete cyc l e  of t he  loop .  

2 .  The s i g nal o n  a -tape loop  i s  to  be f req uency ana lyzed by  m eans of the  
Spectro m eter  and record ed g raph ica l l y  o n  the  Leve l Reco rder  t he  Leve l 
Reco rd e r  i n  th i s  case b e i ng supp l ied wi th  pre-printed frequency calibra ted 

recording paper. 

L evel Recorder 2305 I Tape Recorder 70 01 
• 

I Spectrometer 2112 
I 

,- - - ? - - - - - - - - -l- - - - - - - - ,  . - - - -L - - -, ' I  , - - - - - -t - - - - - - - I I -t I I '  I I I I I I I II I ' 1- - 1 - --- I I I i- - I - -I I 
I. '  7 1 1 1 ,  I. '  2 1 3 1  l ' )' 5+ '! 1 2  1 1 

Pen Sw i tch O ne ����:t 0 fclOS�� .....--t----, 

M a g netic  

Octave 

21. V I 
C l utch �- II for + 
Paper 21.V 
Dr ive • 

I Mark i n g  I n p u t  

( From Voice Channel O u t p u t )  1- - - - - - - - - - - - - - - I 
51.�1 � 3 J- - - - - - - -

��oo
t-� @o o � 

o 2 I 15 0 2 I 6 1 I 1 6 1 0 ° 1  I L _ __ _ _ _ _ _ _ _  I 1 _ _ L==-=-=--=--=-.--=--== =--_ J 
2 30 5  700 1 2 1 1 2 

C a ble AQ 0 0 1 6  
Fig . 2 . 10. Block diagram sho wing the opera tion of the marking arrangement. 

I n  th i s  case the p l u g  marked 2305 of AQ 001 6 sho u l d  also be  con nected . 

A th i rd octave ana lys i s  i s  then  aga i n  o bta i ned when o n ly o n e  mark i ng  i s  

m ad e  o n  t h e  tape  loop .  Howeve r, to m ake poss i b l e  a fu l l  synch ro n izat ion  

of the  tape loop  cyc l e  w i th  t he  f req uency ca l i b rat i o n  o n  the  reco rd i ng 

paper a seco nd re l ay c i rcu i t  h as been i nco rpo rated i n  t he  m a rked u n i t 
of t he  Tape Reco rd e r. The  operat i on  of t he  contro l  c i rc u i t  i s  then  as 

fo l lows . 

Whe n  t he  reco rd i ng paper  h as moved a d i stance correspo nd i ng to one  

th i rd octave a s i g na l  f rom a sw itch i n  t he  Leve l Reco rd e r  act ivates both 

the pen l i ft i ng m agnet and the  m ag net i c  c l utch fo r the paper d r ive v ia  

t he  co ntact c i rc u i t o f  t he  re lay marked @ i n  t he  m arker u n i t ,  see  F i g .  2 . 1 0 .  

I n  th i s  way the  wr i t i ng pen  i s  autom at ica l ly l i fted f ro m  the  reco rd i ng paper 
and the  movement of t he  paper stops.  
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When the  marked spot o n  the  mag net i c  tape passes the  rep rod uce h ead 

the  re l ay marked <D i n  F ig . 2 . 1 0 operates and one  of i ts contact pa i rs 

th e n  act ivates the  re lay marked @. Th is  aga i n  b reaks the  contro l c u rrent 

fo r the pen l i ft i ng m ag net and the paper d r ive c l utch whe reby the g raph i c  

reco rd i ng cont i nues .  

At the  same t i m e  a second contact p a i r  of re lay <D causes the Spectro­

m ete r f i l te r  sw i tch  to step one  f i l te r ah ead , the net resu l t  be i ng  that the 

s i g na l  now reco rded on t he  Leve l Reco rd e r  i s  t he  output  from the  next 
h i g h e r  th i rd octave f i l ter .  The des i red syn c h ro n ism i s  thus o bta i ned be­

tween the m ovement of the p rep r i nted reco rd i ng paper and the  tape loop  

cyc le .  A req u i rem ent fo r such  a synch ro n izat i on  i s ,  h owever, that the  tape 

loop cyc le  i s  s l i g ht ly  l onger  than the req u i red sw i tc h i ng i nterva ls of the 

Spectro m eter .  

A l so in th i s  case an octave ana lys is  i s  poss i b l e ,  a l th o u g h  the  mark ing of 

the tape is  t hen  a l i tt l e  m o re com p l i cated i n  t hat i t  i s  necessary to mark 

�he  tape accord i ng to t he  Spectro m ete r swi tch i ng i nterva l s :  The  p r i n c i p l e  

() f  operat i on  i s  s i m i la r  t o  that d esc r i bed u nd e l  i t e m  1 above, a n d  the  

d etai led mark i n g  p roced u re i s  out l i ned unde r Cha�te r "Operat i o n " .  

Description of  the Power Supply 

The power supp l ies  fo r the var ious e l ectro n i c  e lements in the Tape Reco rd e r  

are stab i l ized se l f- reg u l at i ng vo l tage su p p l ies  with zero generato r i m pedance .  

Th i s  i s  necessary because of t he  many DC am p l i f i e rs used in  the  FM measu re­
m e nt chan ne ls .  Zen e r  d iodes a re used as refe rence e l ements, and the  var ious 

vo l tage s u p p l ies are safeg uard ed aga i nst over load cu rrents by means of fuses .  

The vo l tages ava i l ab l e  are + 1 5  Vo lts ,  - 1 5 Vo lts and - 24 Vo lts .  

Description of the Tape Transport System 

Th e tape t ranspo rt system cons ists bas i ca l ly of a capstan assembly d r iven by 

a synchronous motor, a take-up spoof  drive motor, a rewind motor and control 

and safeguarding circuits wh i c h  co ntro l  the operat i o n  of the th ree motors.  To 
assu re low f l utte r not o n ly the  d es i g n  of the  e l ectro n i c  c i rc u its bu t  a lso t he  

mechan ica l  l ayout  !) f  the  tape  transpo rt system i s  of t he  g reatest i m po rtance .  

Al l t he  mechan ica l  parts a re p rodu ced to very c lose to l e rances and to keep 

the  u nsupported sect i on  of the  tape as sma l l as poss i b l e  a so-ca l l ed closed 

loop drive has been used , see F i g .  2 . 1 1 .  As can be seen f rom the f i g u re the 

tape is  h e re c l am ped to the capstan by a p i nc h  ro l l e r  as it enters the l oop .  

I t  t hen  passes over  the  reco rd i ng h ead , a tu rn-a ro u nd i d l e r, past the  rep roduce · 

h ead and i s  f i na l l y aga i n  c l am ped to the  capstan by a second p i nc h  ro l l er .  

Fu rthermo re ,  ou ts ide  the  c l osed- loop ,  the  tape tens i o n  i s  contro l l ed by m eans 

of a se rvo-system . 

A bas i c  b l o c k  d iag ram of the  tape t ransport system i s  shown i n  F ig .  2 . 1 2 ,  

and the  o n ly externa l  contro l s  a re the  o nes marked FU N CT I O N  S ELECTOR and 

TAP E  SPEED se lecto r. These are housed in  a sma l l co ntro l box wh ich i s  
mou nted beneath the  tape deck (F i g .  3 . 1 ) .  I f  d es i red , h owever , the box  can 
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Fig. 2.11 . Basic arrangement for closed loop drive of the magnetic tape.  
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Fig. 2.12. Block diagram of  the tape transport system. 
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be removed from the  m a i n  cab i net and can then  be  used fo r remote contro l .  
T h e  Function Selector contro l s  the  f ive d i ffe rent fu nct ions  o f  t he  tape t ranspo rt 
system v i a  re l ays i n  the  ma i n  cab i net : 

1 .  Record ( " R")  
2 .  Playback ( " P")  

3 .  Fast  forward ( " � " ) 
4.  Rewind ( " � ") 
5 .  Stop ( "S" )  

Fa st 
forward 

i 6 71 i9 
Fig. 2.13. Principle of  operation of  the "Function Selector" .  

The d es i red funct ion  i s  chosen by p ress i ng the  correspo nd i ng bac k- l i t  push­

butto n .  To avo i d  d amage of the  Reco rd e r  or undes i red e rase of a l ready re­

corded data a l l the  fu nct ion  contro l s  are e l ectr ica l ly i nter locked , F i g .  2 . 1 3 ,  and 

reco rd i ng of d ata can o n ly be  mad e  whe n  both the  PLAYBAC K and the  RE­

CORD pushbutto ns are p ressed s i m u l taneous ly .  A de lay c i rcu i t ,  wh i ch  i s  

operated f rom the  TAP E  SPEED se l ecto r, ensures that t he  p i n c h  ro l l e rs are 

not engaged to the capstan u nt i l  the tape speed i s  co rrect .  I n  th is  way u n­

necessary and dangerous  tape tens ion- shocks are avo i d ed .  A smal l g reen 

lam p  o n  the  contro l  box i nd i cates when the  Reco rd e r  i s  ready to operate. 

The TAPE SPEED selector a l l ows the se l ect ion  of fou r  speeds : 1 .5 - 6 - 1 5  o r  

60 i ps .  ( i nches pe r  seco nd) . Whe n  t h e  Reco rd e r  is  sw i tc h ed t o  a tape speed 

of 1 .5 i ps the  p i n c h  ro l l e rs are ,  h oweve r,  engaged to the capstan wi thout  

d e l ay .  I f  t he  tape speed chosen is  6 i ps . the  p i nc h  ro l l e rs are engaged afte r 

a f ixed t ime  de lay of 0.5-1 seco n d ,  wh i c h  i s  suff i c i ent fo r the  tape to start 

mov i ng and thus  avo id  a too h ig h  tape tens ion  d u r i ng engagement .  I n  t he  

cases o f  tape speeds o f  15  and  60  i ps . ,  t he  tape speed is  actu a l ly measu red 

by means of a tape speed senso r cons ist i ng of a s lotted tape d ru m ,  a l am p  

a n d  a photo-d iode .  T h e  S ig na l  f rom t h e  photo-d iode contro l s  a frequency 
dependent re l ay c i rc u i t wh ich  aga i n  contro l s  the  engagement of the  p i nc h  
ro l l e rs ,  see F ig .  2 . 1 2 .  
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Whe n  the  tape h as reached the  correct speed the  f req uency of the  s i gna l  
f r o m  the  p hoto-d iode co rresponds to  that req u i red fo r act ivat i o n  o f  t he  
se l ect ive re l ay c i rc u i t  whereby the  p i nch  ro l l e rs auto m at i ca l ly engage .  

To acco m p l i sh  the  w ide  range of  tape speed s ava i l ab l e  ( 1  : 40) i t  has been 

necessary to u t i l iz� both  e l ect r ica l  and m ec h a n i ca l  "gear i ng " .  The  capstan 

assemb ly  i s  d r iven by a d u a l  speed hysteres i s  sync h ro nous  moto r .  The speed 

rat i o  i s  1 : 4 .  I n  o rd e r  to cove r the speed rat i o  1 : 40 a mechan ica l  speed 

red uct i o n  cons i st i n g  of a pa i r of id l e  ro l l e rs h as been i nco rpo rated in the 
d r ive asse m b ly.  A red uct ion  rat i o  of 1 : 1 0  i s  then acco m p l i shed by ut i l i z i ng  

the d r ive c l utch and the  i ns i de  d iamete r of t he  f lywh eel . When the  Reco rd e r  i s  

sw i tched t o  o n e  of the  two lower speed s a so l e n o i d  d i sengag es t h e  d r ive 
c l utch and at the same t i m e  engages the i d l e  ro l l ers .  

To b r i n g  the  speed of the  h i g h  i ne rt i a  f lywh eel  d own to the  lowe r  speed a 

b rake actu ated by a so l e n o i d  i s  engaged . Th e l ength of t i m e  of the  b rak i ng  

act i on  is  cont ro l l ed by  p readj usted RC d i scharge  c i rc u i ts .  

When the Reco rde r  i s  de l ive red from the facto ry i t  i s  co nnected fo r 50 or 60 Hz 

power l i ne f req uency accord i ng to o rde r i ng  spec i f i cat i o n .  Sho u l d  i t  howeve r ,  

be  d es i re rab l e  to use a Reco rder  o r i g i na l ly o rde red fo r 50 Hz o n  a 60 Hz 

power l i ne or  v i ce  ve rsa th i s  i s  poss i b l e  by s i m p ly chang i ng the  d r ive whee ls  

to the  capstan .  The d r ive whee ls  can be obta i ned in  sets f ro m  the facto ry . 

Fo r 60 Hz th i s  i s  marked DG 0090 and DG 009 1 , and the co rrespo nd i ng set 

fo r 50 Hz d r ive is marked DG 0082 and DG 0088 . 

A REA D Y  lamp i n d i cates,  when the  Reco rd e r  i s  ready fo r reco rd i ng  o r  p lay­

back .  Whe n  the  l amp is ou t  ne i ther  the  reco rd no r  the  p l aybac k funct ion  can 

be act ivated . Due to the  i ne rt i a  of the  capstan moto r a certa i n  t i m e  e l apses 

f ro m  the mom ent the Recorde r i s  switch ed on u nt i l the capstan h as the  
req u i red speed of rotat io n .  Th i s  t i m e  i s  a ro u nd 9 seco nds .  A t ime de lay o f  

th i s  o rd e r  of m ag n i tude  h as therefo re been  i nt ro d u ced i n  the  READY lam p  

c i rcu i t .  

F i na l ly ,  a seco nd photO-d iode in  the  tape speed senso r i s  a l so used to 

co ntro l  the R EADY lamp  c i rc u i t and to ensu re that the tape h as come to a 

standst i l l  befo re the  Recorder i s  sw i tched to anoth e r  tape t ranspo rt fu nct ion .  

T o  o bta i n  th i s  effect t h e  s i g na l  f ro m  t h e  ph oto-d iode  i s ,  as soo n a s  t h e  STO P 

butto n i s  p ressed , led to a re l ay contro l  c i rc u i t v i a  an  AC amp l i f i e r . The  re l ay 

i s  then  act ivated as l ong  as the  s l i tted d ru m  of the  tape speed senso r arrange­

m ent rotates,  wh ereby i t  b l ocks the  F U N CT I O N  SELECTO R .  When the tape 

h as come to a stand st i l l  the output s i g na l  f ro m  the AC a m p l i f i e r  d i sappears 

and the  R EADY lamp  l i g hts u p ,  i nd i cat i ng that the  Reco rd e r  i s  now ready to 

perfo rm the new funct i o n .  
, 

An end-ot-tape sensor h as been i n c l uded to stop the  tape t ranspo rt as soon 
as the end  of the tape i s  reach ed ,  or  in  case of tape b reakag e .  The  l atte r is ,  

h owever,  ve ry u n l i ke ly  to occu r due to the safety m easu res take n in  the 
layout of  the operat i n g  cont ro l  system .  
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Also i n  th i s  case a photo-e lect r i c  sens i ng  dev ice h as been u sed , whereby 

the end-of-tape senso r u n i t can be read i l y  ut i l ized a l so to stop the tape 

t ranspo rt auto m at i ca l l y  at a p redeterm i ned "spot" on the tape by i nsert i n g  

a p i ece o f  t ransparent  m ater ia l . The l ength o f  t he  t ransparent  m ate r ia l  

necessary to ensu re a fu l l  stop of the  tape transpo rt var ies f rom a coup l e  

o f  m m  a t  low tape speeds t o  som e  8-1 0 m m  a t  a tape speed of 60 i ps .  
A tape tension sensor d ev ice  ensu res constant tens ion  in the tape outs i de  the 

c losed loop d r ive ,  i ndependent  of the amou nt of tape p resent on the tape 

ree l s .  I t  cons ists of a set of ro l l e rs suppo rt i ng the tape j ust outs ide  the 

c losed- loop ,  a mech an i ca l -e l ect r ica l  t ransd u c i ng arrangement and two servo 

amp l i f ie rs contro l l i n g  the  speeds of the tape take-up  and supp ly  moto rs, 
see F ig .  2 . 1 2 .  

The  mechan ica l -e lect r ica l  t ransd u c i ng a rrangement actua l l y  conta ins two t rans­
d u ce rs o n e  contro l l i ng the tape te ns ion  as the tape enters the c l osed- loop ,  

and one  co ntro l l i ng the  tens ion  of the tape between the c losed- loop and the 

take-up  ree l .  Th ey both  ut i l ize photo-e l ect r ic  effects, the  amo u nt of l i g ht 
s u p p l ied to the  s i l i con  photo e l ect r i c  e l ements be i ng  dependent u po n  the 

pos i t i on  of t he  ro l l e rs .  As the  l i gh t  sou rces a re o rd i na ry neon l am ps fed 

f rom the m a i ns t he  servo am p l i f i e rs a re of the AC type .  A fu rthe r  advantage 
of the c i rcu i t ry used is that the output  t rans isto r in the a m p l i f i e r  rece ives the 

cont ro l  AC S igna l  i n  synch ro n ism wi th  t he  rect i f i ed , u nsmoothed co l l ecto r­

to-em itte r vo ltage of t he  output  t rans i sto r .  I n  th i s  way the am p l i f i e rs operate 
as var iab le  res i sto rs i n  the moto r supp ly  c i rcu i t ,  see F i g . 2 . 1 4 ,  wh ich  a l l ows 

fo r a very eff i c i ent to rq ue  reg u l at i on .  

Supply 
Vo ltage 

52 V� 

R 

Servo A mpl if. 

Res istors 1{' 7 f 8 g  

Fig . 2 . 1 4. Principle o f  opera tion o f  the servo-circuits for the tape supply and 
tape take-up motors . 

I t sho u l d  be noted , howeve r, that sma l l ,  rap id  tape ten$ ion  va r iat ions  a re taken 

up d i rect ly  by the sp r i ngs  load i ng the ro l l e rs ,  wh i l e  the s lower tens ion  

var iat ions  d u e  to  c h anges i n  the  amou nt of tape o n  th e ree l s  a re contro l l ed by 

the  se rvo system . To obta i n  the necessary dam p i ng and t i m e  de lay i n  the se rvo 

t h e  mechan i ca l  a rrangements contro l l i ng the  l i gh t  to the  photo-e lect r ic  e l e­

m ents h ave been supp l ied wi th  cons iderab l e  amou nts of v i scous  d am p i ng .  

The  fo rce act i ng o n  the  tape i s  o f  the  o rd e r  of 1 00 g ram m es (0 .22 I bs . ) . Both 
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t he  take-up motor and the tape supply motor are su p p l ied f ro m  the  m a i ns 

v ia  a n u m be r  of ser ies  res i sto rs, co ntact mechan i sms  and the  above d escr i bed 
servo mech an isms .  The total res i stance actua l l y  in  ser ies wi th  the moto rs 

depends  upon  t he  part i c u l a r  funct ion  chosen by t he  Reco rd e r  F U N CT I O N  

S ELECTO R.  

D u r i ng n o rma l  reco rd o r  rep rod uce fu nct io n i ng of  t he  Reco rde r  t he  m axim u m  

vo ltage (52 Vo lts RMS) i s  s u p p l ied to the take-up  m oto r u nt i l  th e co r rect tape 

speed is  reach ed .  I n  the same per iod of t i m e  the vo ltage to the tape supp ly  

moto r i s  d i sconnected whe reby m ax i m u m  acce lerat i on  of t he  tape  i s  ach ieved . 

As soo n as co rrect tape speed is  obta i ned , howeve r, the  servo systems are 

con nected and both moto rs w i l l  then  b e  supp l ied with servo contro l l ed voltages.  

Th e actua l  vo l tage on  the  m oto rs w i l l  then a l so depend u p o n  wheth e r  the 

Reco rd e r  i s  used with 1 0 .51/ or 71/ ree ls ,  or wi th  the tape loop arrangement ,  

see F ig .  2 . 1 2 .  With  the  FUNCT I O N  SELECTOR set fo r " Fast fo rward " the 

take-u p moto r i s  aga i n  c o n n ected d i rect ly to the  m ax i m u m  vo l tage (52 Vo l ts) 

wh i l e  the  vo l tage on the  tape supp ly  m oto r is red u ced . By switch i ng to th e 

" Rewi nd"  funct ion  t he  s i tuat i on  i s  exact ly  reversed . 

Wh en the F U N CT I O N  SELECTOR is  set to e i t he r  " Fast Fo rward " o r  to " Rew i n d "  

a set of ro l l e rs automat ica l l y  l i fts the  tape away f ro m  the m ag net i c  h eads ,  

t hus  m i n i m iz i n g  the  mech a n i ca l  wear  of the  h eads .  

Because the  Tape  Reco rd e r  Type 7001 h as been  d es igned to  accomodate two 

d i ffe rent ree l  s izes as we l l as a tape loop ar rangement ,  and because a l l  th ese 

arrangements req u i re d i ffe rent operat i ng  vo l tages on the take-up  and supp ly 

moto rs a " c o i n-operated " switch marked " Loop-71/-1 0 .5 1/ Ree l " ,  has been 

i ncorpo rated . 

Th e LOAD C O M P E N SATI O N  SWITCH perfo rms the  fo l lowi ng fu nct io ns : When 

switch ed to  pos i t i on  " Loop" two "ext ra" ser ies res i sto rs a re co n nected both 

in the take- u p  and in the s u pp ly  moto r c i rc u i ts .  Th i s  i s  the m ax i m u m  ser ies 

res i stance used d u r i ng  n o rma l  operat i on  of the  Reco rd e r. I n  pos i t i on  "7 1/ Ree l "  
o n l y  o n e  ext ra res istso r i s  i n  c i rcu i t .  Wh en  i n  pos it i on  " Loop" t h e  switch 

a l so d i sconnects the "Rewind" and "Fast forward" cont ro l s .  

Tape Recorder Power Supply. The Tape Reco rd e r  i s  no rma l ly  s u p p l ied  f ro m  

the  m a i n s  a t  vo l tages of  1 00 - 1 1 5 - 1 27 - 1 50 - 220 o r  240 Vo lts A C ,  and ma i ns  

f req uenc ies of 50  o r  60  Hz .  

Th e powe r consu m pt ion  i s  1 00-1 80 W .  Howeve r, i f  the  ma ins  is  ve ry unstab l e  

o r  conta i ns  a l ot of  su rges ,  p roduced fo r i n stance b y  e l ectr ic  we l d i ng 

mac h i nery ,  i t  i s  adv iceab l e  to d r ive the  Capstan moto r f ro m  a separate, f re­

quency stab i l ized power supp ly .  Th i s  is poss i b l e  by con nect i n g  the  spec ia l  

powe r supp ly  to the  soc ket m arked PREC I S I O N  FREQ U ENCY G E N E RATO R at 

the  rea r of the  i nstru m e nt and switch the  togg l e  sw itch located j u st above th i s  

soc ket t o  pos i t ion  " P rec i s i on  Freq uency D r ive n  Capsta n " ,  s e e  F i g .  2 . 1 5 .  T h e  

vo ltage  and power req u i rements t o  the  exte rna l  generato r are :  1 1 5 Vo lts ,  

60 VA . 
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I n  cases wh ere i t  i s  m o re conve n ient  to d r ive the  Recorde r  from batte r ies 

( f ie ld  use) t h i s  can be  done by i nsert i n g  a p rec i s i on  DC - to - AC converte r 

betwee n  the  batte r ies  and the  Reco rd er .  A su itab le  co nverte r of t h i s  type i s  

the KL Inverter SF-1 * )  wh ich  i s  d r iven f rom 24  Vo l ts DC (nom i na l ) . The  i nve rter  
SF-1  can supp ly  u p  to 200 VA of power at  a f req uency of 50 Hz and a vo l tage 

of 220 V.  I t  i s  safe-g uard ed ag a i nst ove r load s  and ope rates accord i ng to spec i ­
f i cat i ons  ove r an  i n put  vo l tage range of 21  to 30 V DC.  

Th e eff i c i ency i s  72 % at  24 V DC-200 W.  

Fig. 2 . 15 .  Po wer supply input terminals .  

* )  Obtai n ab l e  f ro m : K n u d  L i nd b e rg A/S, 200 I s l evd a l vej , Roedovre , C o pe n h ag e n , Den m a rk .  
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3 .  Control Knobs, Term ina ls etc .  

Load 
Comp e n sa t i on 
Swi tch 

Power 

Overload 1 

Reco rd 1 

I nput 
At tenu ator 1 

I nput 1 

Output 1 

Mon itor SeLector 

Mon itor M i c .  

Res e t  

Control Box 

Ove rLoad 2 

Record  2 

Inpu t  
Attenuato r 2 

O ut put 2 

I nput 2 

Monitor Vo lume 

(i 7(N 

Fig . 3.1.  Front  view of the Tape Recorder. 

Front (Re. Fig. 3.1 ) :  
LOAD COM PENSATI O N  

SWITCH : Th ree pos i t i on ,  co i n  ope rated switch .  

"Loop", to b e  u sed when  the  Reco rd e r  i s  f i tted 

with the loop adapto r .  

"7" Reel", to be  used when the Reco rder  is 

f i tted wi th  7" tape ree ls .  
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POWE R : 

OVER LOAD : 

R ECO R D : 

I N PUT ATTEN UATO R : 

I N PUT : 

OUTPUT : 

M O N ITOR S ELECTOR : 

" 1 0.5/1 Reel", to be used wh e n  the  Reco rd e r  i s  

f i tted w i t h  1 0 .5 "  tape ree ls .  

M a i ns powe r sw itch .  Push-button operated . 

Over load i nd i cato r.  L ig h ts u p  when  the s ig na l  h as 

over loaded the  mod u l ato r ( p .  1 4) .  Resett i ng of t he  

i n d i cato r i s  made by  a l i gh t  push . 

Fou r  pos i t i on  i n p ut switch .  

"Off" : When the  sw itch i s  i n  t h i s  pos i t ion  the  re­

cord i ng  system of t he  channe l  i n  quqest ion  is d i s­

con nected and t he  m ete r c i rcu i t  co n nected d i rect ly  

to the i nput  term i na l .  

"DC":  T o  be used w h e n  DC a n d  very l o w  f req uency 

i nfo rmat ion  i s  be i ng reco rd ed .  

"AC":  With t h e  swi tch i n  t h i s  pos i t i on  o n ly AC­

s i g na ls  with f requenc i es h ig h e r  than som e  4 Hz 

(- 3 d B) are reco rded .  To be u sed when very low 

f req uency s i g na ls  d istu rb  the  m easu rements .  

"Ref" .  Th i s  pos i t i on  oT the sw i tch serves to connect 

the bu i l t- i n  refe rence generato r (440 Hz ,  1 V RMS) 

to t he  i n p ut of the  var iab l e  I N PUT ATTEN UATO R 

the reby a l low i ng a refe rence s i g na l  of su itab le  l eve l  

to be  reco rd ed on the  tape .  

A l l ows atte n u at i on  of the  i n put  s i gna l  of up to 28 d B  

i n  the  fo rm of f i fteen 2 d B  steps .  

I n pu t  term i na l  fo r con nect i on  of the s i g na l  to be  

reco rd ed .  I n put  i m pedance 20  kQ paral l e l  to  1 00 p F. 

Ou tput  term i na l .  M i n .  l oad i m pedance 200 Q . 

Fou r  pos i t i on  sw i tch fo r m o n i to r i ng and tape i dent i ­

f i cat ion  p u rposes.  The fo u rth pos i t ion  i s  sp r i ng  

l oad ed . 

" Track 1 " : With the  sw i tch i n  t h i s  pos i t i on  the  
m o n i to r i ng outputs a re  con nected to  measu rem e nt 

channe l  1 ( l eft) . 

" Track 2":  The  mon i to r i n g  o utputs are co nnected to 

m easu rement  channe l  2 ( r i g ht) . 

" Voice" :  The m o n i to r i ng o utput  (and i n put) a re co n­
nected to the vo ice  c h a n n e l .  
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M I C :  

MON I TO R :  

MON ITOR VO LU M E :  

Tape Speed 

Record ( R ) 

Rew i n d  (<J ) 

"Marker":  Th is  posit i on  of t he  sw itch i s  spr ing 

loaded and i ntended fo r mark i ng  of the  tape .  The 
b u i l t- i n  refe rence s ig na l  (440 Hz) i s  app l ied to the 

vo ice  channe l  as l ong  as the switch is  he ld  in the 
" M a rker" posit i on .  

Term i na l  fo r con nect ion  o f  t he  sma l l dynam i c  m icro­

phone  supp l i ed with the Reco rder. 

M o n ito r output .  M i n .  load i m pedance 2 kQ . 

Fo r cont i n uous reg u l at ion  of the  m o n ito r i ng vo l ume . 

Cont rol Box 

6 15 1 .5. • • .60 Ready Lamp 

Pla yback ( P ) 

Fast Forwa rd (I» 

stop (S) 
Fig. 3.2. Th e Control Box. 

TAPE SPEED AND FUNCTION SELECTOR UNIT (Control Box) : 
" Tape Speed": 

"Record"_ (R) : 

"Rewind" (�) : 
"Stop" (S) : 

Selectab l e  tape speed : 1 .5 - 6 - 1 5 - 60 i nches 

per  second . 

To avo id  acc i d ental  d ata e rasu re both the Reco rd 

and the P lay-back butto n m u st b e  dep ressed to 

i n i t iate the  reco rd i ng .  

Fo r rewi nd i ng t h e  tape.  

When the STO P butto n i s  dep ressed a l l  re lays are 

reset. Th i s  m eans that i f  ma ins  i s  switched off or 
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"Ready":  

"Playback" (P) : 

"Fast Forward" (� ) : 

"Footage Counter" : 

REAR (Re. Fig. 3.3) : 

CAPSTAN D R IVE 

SWI TC H : 

PREC I S I O N  FREQ U E N CY 

G EN ERATOR :  

F U S E  AN D MAI N S  

fa i l s t h e  vo l tage t o  t h e  re lays fa i l s and they are 

reset,  in fact the same as i f  the STOP button was 

activated . 

The READY L I G HT i nd i cates when the capstan has 
reach ed the  cor rect speed after  sw itch i ng  the TAP E  

S P E E D  se lecto r, approx i m ate ly 9 sec.  Dep ress i ng 

the  pushbutto n RECORD and PLAYBAC K d u r i n g  th i s  

t i m e  i nte rval  w i l l  no t  act ivate the correspo nd i ng 

re lays.  

The PLAYBAC K button can be ope rated when the 

reco rde r  is  stopped or i f  i t  operates o n  " Reco rd " .  

Fast fo rward c a n  b e  act ivated afte r resett i ng Reco rd 
o r  P layback by depress i ng  the  STOP b utto n .  

D u r i ng FAST FO RWARD o r  REWI N D  the  tape is 
l i fted f rom the M ag net i c  H eads to p revent u n necess­

ary wear of the  h eads .  I n  pos i t ion  " Loop"  of the  

" Loop - 7" - 1 0 .5" Ree l "  switch both FAST FOR­

WARD and REW I N D  are out of operat ion .  

Mechan ica l  cou nter i n d icat i ng  tape lengths i n  feet. 
Can be reset to 0 by p ress i ng the push butto n marked 

" Reset" in F i g .  3 . 1 . 

Tog g l e  sw itch wh ich  a l l ows the  Capstan moto r to be 

d r iven e i the r  i nte rna l ly  from the ma i ns ,  o r  f rom an 

externa l  p rec is ion  f req uency generato r .  

Term i na l  fo r the  co nnect ion  of an exte rnal  p rec i s ion  

f requency gene rato r.  Powe r req u i rements : 60 V A 

( 1 1 5  V) . 

VOLTAG E S ELECTO R :  Fuse i n  c i rcu i t  wi th p r i mary o f  ma ins  transfo rme r  

Vo ltage se lector ,  fo r sett i ng  t h e  Reco rd e r  t o  var ious  

ma i ns vo ltages ( 1 00 - 1 1 5 - 1 27 - 1 50 - 220 - 240) . 

MARKER O UTPUT:  Fo r contro l  of exte rna l  syn c h ro n i zat ion ,  wi th tape 

loop operat ion ,  see a lso p .  20 and F ig .  3 .3 .  
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Fuse and Mai ns 
Vol tage Selector 

Ca p s t a n  
Drive Swi t c h  

o 
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Fig . 3.3. Rear view of the Tape Recorder. 

o 

o 
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Reel hu b 

1 0t" Reel 

4. Tape Loading 

Load Compen­
sation Sw itch lo ck knob 

Swinging arm 

Record ing head 

Playback head 

Hole for Al len 
key (QA 0 046 ) 

IUI 70 

Fig . 4 . 1 . The Tape Recorder Type 7001 fitted with 1 0,5" reels .  

Reel Mounting 

1 .  Tu rn l ock  knob (see F ig . 4.1 ) 90 ° ant i c l ockwise to re l ease the swi n g i n g  

a r m  a n d  tu rn i t  ou t  a s  shown i n  F ig . 4 .4 .  

The supp ly ree l  i s  mou nted on the m a i n  base and the take-up  ree l is 

m o u nted to the swi n g i ng arm as fo l l ows : 

1 0.5/1 Reels 

2 .  Fo r moun t i ng  the  1 0 .5 /1 ree l s  the  l a rge  d i amete r h u bs UD 0008 (see F ig .  4.3) 

are req u i red .  
F i g .  4.2 shows the  ree l s p i nd le  o n  the  swi n g i n g  arm .  (Both s p i n d les  are 

i d ent ica l ) . The ree l l ock  (2) i s  re l eased by l oosen i ng t he  A l l e n  sc rew (3) 

wi th  t he  A l l e n  key QA 0046 , located beneath the  reco rd h ead (see F i g .  4 . 1 ) .  

3 .  P l ace  the  h u b s  o nto the  sp i nd les ( F i g .  4.3) and l ock  them i nto pos i t i on  

by t i gh te n i ng the  A l l en  sc rews (3) . 
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Fig . 4.2.  

Reel spindle . 

(]:Bpind le w ith a l le n sc rew 

16 716 1 
Fig . 4.3. The large diameter hub (UD 0008) for mounting the 1 0,5" reels .  
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4.  P l ace the  ree ls  o nto the h u bs ensu r i ng  that the  th ree s lots aro u nd the  
i ns i d e  c i rcu mference of the  ree l s  locate wi th  the studs  o n  the h u bs .  

5 .  Loc k  the  ree l s  i n  pos i t ion  by tu rn i ng the  cente r p i ece o f  the  h u bs c lock� 
w ise  (see F ig . 4.3) . 

6 .  Set LOAD COM P ENSAT I O N  SWITCH ( F i g .  4 . 1 ) to pos i t i on  " 1 0 .5" " .  

7" Reels 

The p roced u re is as descr i bed above, except that the  h u bs are not used 

( i tem 3 above i s  not carr ied out) . The 7" ree l s  f i t  d i rect ly onto the s p i nd les .  

U n d e r  i tem 6 the  LOAD COM PENSAT I O N  SWITCH i s  set to pos i t ion  "7" " .  
N OTE : Q u al i ty and p rec i s ion  of 7 "  ree l s  can vary a g reat d eal  and the spec i f i ca­
t ions  fo r the  Tape Reco rd e r  cannot a lways be expected to be fu l f i l l ed when 

us ing  th i s  s i ze ree ls .  

Tape Thread ing 

When the ree l s  are attached to the Tape Reco rde r  as descr i bed above the 

tape th read i n g  i s  carr ied out  as fo l l ows (see F i g .  4 .4) : 

1 .  F ro m  the supp ly  ree l  ( 1 ) the tape (w ith base s ide  u p) i s  taken aro u n d  the 

tape g u ide  (2 )  and ove r the cou nte r d ru m/tape speed sensor  (3) . 

2.  The free tape end  (approx i m ate ly 5 ft) i s  now passed ac ross the vo i ce 

t rack e rase h ead (4) to the r igh t  s i de  of the left arm of the tape tens ion  

Fig. 4.4.  Tape loading diagram (reels) . 
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senso r (5) , to the l eft of the tape g u i d e  (6) , between the  l eft p i n c h  ro l le r  (7) 

and the capstan (8) ac ross the  record head (9) , a round  the  tu rn-aro u n d  

i d l e r  ( 1 0) ac ross the  rep ro d u ce head ( 1 8) a n d  between th e capstan (8) and 
the r ight  p i nch  ro l l e r  (7) and the tape g u ide  (6)  to the l eft s ide of the  r i gh t  

tape tens ion  sensor arm (5) . 

3. Twist the  tape 1 80 0 ant i c l ockwise (same d i rect ion  as when open ing  the 

swi n g i n g  arm) . 

4. With the coated s i de  u pwards the tape i s  taken aro u n d  the tape g u i des 

( 1 1 )  and ( 1 2) and f i na l ly  f ixed to the take-u p  ree l  in the d i rect ion  shown 
on  the swi n g i n g  a rm .  

5 .  C lose and l ock  the sw i n g i ng arm by  t u rn i n g  the Lock  Knob (F ig . 4 . 1 ) 
90 0 c l ockwise .  

6.  Check that the tape i s  not tw isted ,  espec ia l ly  between the tape tens ion  

senso r (5 )  and the tape g u ide  ( 1 1 ) , and that i t  passes between the lamp 

hous ing  and the photoce l l  hous i ng  of the tape  senso r ( 1 5) .  

7 .  Check  that the LOAD COMPENSAT I ON SWITCH i s  i n  the co rrect pos i t i on .  

Load Compen-
sat ion S w i tch  Tape tension Ar m 

Mount i ng 
screws 

Loop Adopter 
U D  001 1  

S l i de lock 

S l i de 

Lock knob 
P res sure rol ler 
(on swi ng ing arm) 

P ressure rol le r  

HoLe f o r  Allen 
key (D.A 004 6 )  

Fig . 4 .5 .  The Tape Recorder Type 7001 fitted with Loop Adaptor UD 001 1 .  
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Mounting of the Loop Adapter U D  001 1 

The Tape Reco rde r  Type 7001 i s  a l so des igned to accept c losed tape l oops 

wi th  a tape l ength f rom 8 ft - 25 ft (2 .4 m - 7.5 m) . 

Fo r th i s  pu rpose the  Loop Adapto r type U D  001 1 m u st be atta�hed to the  

Tape Reco rd e r  fo l low ing the  p roced u re d escr i bed be low. 

1 .  Set LOAD COM P E N SAT I ON SWI TCH to " Loop" . 

2 .  Turn  the  l ock  knob (see F ig .  4 .5) 90 ° ant i -c lockwise and open the swi n g i n g  

arm . 

3 .  Re lease the ree l  l ock  by loose n i ng the A l l e n  sc rew (F ig .  4.2) . A l l en  key 

QA 0046 (F i g . 4 . 1 ) .  If the h u bs are mou nted they must be removed . 

4 .  Attach the  co res ( D P  001 3) to the  s p i nd les .  

5 .  Loc k  th e co res by t i g hten i ng the  A l l e n  sc rews . 

6 .  Mount a p i n c h  ro l l e r  (UA 01 74) o n  to the sw i n g i n g  arm (see ( 1 7) F ig . 4 .6) . 

The  moun t i ng  ho les fo r the two A l l e n  sc rews are s i tuated j u st above the 

s p i n d l e  (see (4) F ig .  4 .2) . 

7 .  Attach the  Loo p Ad apto r deck by m eans of the  th ree mount i ng  sc rews 
(F i g .  4 .5) . 

8. The  sp r i ng  l oaded p i nch  ro l l e rs on  the swi n g i n g  arm and on  the Loo p  

Ad apto r deck  a re f i tted wi th  a l o c k i n g  d ev ice  wh i ch  i s  act ivated by 

l i ft i ng the ro l l e r  away f ro m  the co re and dep ress i ng the p i n . The p i nch  

ro l l e rs shou ld  be locked i n  the i r open pos i t i on  befo re the  tape  load i n g  

p roced u re i s  comm enced . 

Tape Threading of the Loop Adaptor 

The fo l l owi ng p roced u re assu mes that the  Loop Adapto r U D  001 1 i s  mou nted 

as descr i bed above . 

1 . P repare a tape loop of the  des i red l ength (8 ft - 25 ft) . 

The cou nte r i n d i cates the tape length  i n  feet . Mark  the p laybac k d i rect i o n  

o n  the tape i n  case th i s  i s  o f  i m po rtance .  

2 .  P l ace the tape with base s i de  (g lossy) uppermost around  the  co re ( 1 ) 

on  the supp l y  sp i nd l e  and ant i c lockwise around  the  p i n c h  ro l l e r  (2) (see 

F i g .  4.6) . 

3 .  Re lease the lock ing  device o n  the p i n c h  ro l l e r  (2) by l i ft i ng it away fro m  

the  core ( 1 ) .  Th i s  w i l l  h o l d  the tape i n  pos i t i on .  

4 .  The part of the  l oop  com i ng f rom the  ro l l e r  (2) i s  taken a round  the  tape 

g u ide  (3)  ove r the cou nter d ru m/tape speed senso r (4)  down to and  

ac ross the  vo ice  channe l  e rase head (5) between the l eft tape senso r 

a rm (6) and the tape g u i d e  (7) between the capstan (8) and the l eft p i n c h  
ro l l e r  (9) ac ross t h e  record h ead ( 1 1 )  a ro u n d  t h e  tu rn aro u n d  i d l e r  ( 1 0) 

ac ross the  rep rod uce h ead ( 1 2) and between the  capstan (8) and the  r i gh t  

p i nch  ro l l e r  (9) between the tape  g u ide  (7) and  the r i gh t  arm of t he  
tape tens ion  senso r (6) . 

/ 
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5. Twist the  tape 1 80 0 ant i c lockwise (same d i rect ion  as when  ope n i ng the  

sw i n g i n g  arm)  and take i t  ove r the tape g u ides ( 1 4) and ( 1 5) wi th  the  

coated s ide  u p .  

6 .  Fo l lowi ng  t h e  tape d i rect ion  i n d i cated o n  the  swi n g i n g  a r m  take t h e  tape 

around  the co.re ( 1 6) on the take-up  sp i n d l e  and c lockw ise aro u nd the 
p i n c h  ro l le r  ( 1 7) .  

7 .  Re lease t h e  p i n c h  ro l le r  ( 1 7) to keep the tape i n  pos i t i on .  

8 .  C lose and lock  the sw i n g i ng arm by  tu rn i ng the  l ock  knob 90 0 c l ockwise .  

9 .  The tape end  com i n g  f ro m  the p i n c h  ro l l e r  ( 1 7) i s  taken ove r the tape 

g u i d e  ( 1 8) and the tape tens ion  arm ( 1 9) to hang down between the two 

pai rs of loop ro l le rs (20) and (21 ) .  

1 0 . The tape end  com i n g  f rom the p u l l ey ( 1 ) i s  taken ove r the t rack,  c l osest 

to the tape deck ,  of the  u p per r ight  loop  ro l l e r  (21 ) and d own between 

the loop  ro l le r  sets (20) and (21 ) .  

1 1 .  The rest o f  the tape loop  shou l d  b e  d i st ri buted equa l l y  ove r the two sets 

of ro l l e rs (20) and (21 ) beg i n n i n g  with t racks c l ose to the tape deck .  

. . 

Loop r o l l e r s  se en 

from above . 

Fig . 4 .6 .  Tape Loading diagram (loop adaptor) .  
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1 2 . Adj ust the  s l i de  (22) so that the  loop ends  ove r - the top set of ro l l e rs .  
(The s l i de  i s  re l eased b y  p ress i ng the  sp r i ng load ed arm) . 

1 3 . F i ne  adj ustm ent of s l i de  (22) i s  made so that the tape tens ion  arm ( 1 9) i s  
p u l led ha l f  way down . 

1 4 . Check that the  tape i s  not tw isted and that i s  passes between the lam p 
and the photoce l l  hous i ng  of tape sensor  ( 1 3) .  
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5 .  Operation 
Calibration 

A CAL I B RAT I O N  SELECTO R i s  located beh i n d  the  contro l  box between the 

two i n d i cat i n g  meters,  F ig .  5 . 1 . The sw i tch h as f ive pos i t ions : 

Pos. O :  "Ca l i b rat ion  off" : Th i s  i s  the operat iona l  pos i t ion  of the switc h .  I n  a l l  

othe r  pos i t ions  t h e  i n p uts are d i scon n ected from t h e  amp l i f i e rs a n d  the 

tape t ransport mechan ism i s  b locked .  

Pos .  1 :  I n  t h i s  pos i t ion  the DC ba lance o f  the  p l aybac k amp l i f i e rs o f  the two 
channe l s  T rac k 1 and Trac k 2 respect ive ly ,  can be adj usted by means 

of two m u l t i tu rn potent iomete rs s i tuated on  the wh ite l i ne co rrespo n d i n g  

• • • 
3 .  . 7  

Fig . 5. 1 .  Calibra tion Selector. 

to the pos i t ion  of the switch .  

Pos. 2 :  Serves to  cal i b rate t he  ga in  o f  the p laybac k amp l i f ie rs .  

Pos. 3 :  Serves to set  the DC balance of the record am p l i f ie rs by adj ust i ng  the 

carri e r  f req uency of the mod u lato r .  

Pos. 4 :  Gain adj ustment  of  record amp l i f i e rs by adj ust i ng  mod u lato r ga i n .  
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Procedure 
1. Al low a f i fteen m i n utes warm-u p t ime .  

2. Set  I N PUT ATTEN UATOR to  "0  d B " .  

3 .  P u l l out  t h e  Contro l  Box betwee n  t h e  two i n d i cati n g  i nst ru ments. 
4. Set CAL I BRAT I O N  SELECTOR to pos i t i on  " 1 " and adj ust to "Zero-def lec­

t i on"  (- 00 ) on the respect ive meters .  
N OTE : N o rma l ly the DC balance obta ined  by u s i n g  the  b u i l t- i n  m ete rs is 

q u ite suff i c i ent ,  but  i f  necessary a m o re accu rate "ze ro-sett i n g "  can be 

obta ined by connect i ng  an "AVO m eter" ac ross the  output  of the  Tape 

Recorder. 

5 .  With CAL I B RAT I O N  SELECTOR i n  pos i t i o n  "2" adj ust mete r po i nte r de­

f lect ions  to the  red marks o n  the scales ("0" d B) .  

6 .  Set CAL I B RATI O N  SELECTOR to pos i t ion  "3" and adj ust t o  "zero-def lec­

t i on"  o n  i n stru ments.  See a lso i te m  4 above . 
7 .  Set CAL I BRAT I O N  SELECTOR to pos i t ion  "4" and adj ust mete r po i nte r 

def lect ions  to red mark o n  sca le .  

8 .  Repeat items 4 to  7 u nt i l mete r read ings  are  co rrect i n  a l l  fou r  pos i t i ons  

o f  the CAL I B RAT I O N  SELECTOR.  Th is  is  necessary because the d i ffe rent  

ca l i b rat ion  p roced u res have a certa i n  i nf l uence o n  each other. The m u lt i ­

tu rn potent iometers fo r DC and g a i n  ca l i b rat ions  are i ntended fo r f i ne 

adj ustment.  I f  the  var i at ion  range  is  not suff i c i ent a coarse ad j ustm ent can 

be carr ied out  as descr i bed in  Appen d i x  C) . 

9 .  Set CAL I B RAT I O N  SELECTO R to pos i t ion  "0" and RECORD switch to 
" Ref. " and check  that the  refe rence vo ltage is co rrect. (Meter po i nte r 

shou ld  d ef lect to the  red mark o n  the  sca le) . * ) 
1 0 . Set RECORD switch to the  des i red pos i t ion  and  the Tape Recorder  i s  

ready fo r operat ion .  

Operation 
D u ri n g  operat ion  the  dust cover shou ld  be c l osed to p rotect the  tape and 
h eads and to p revent "d rop outs" on  the tape due to d u st part i c l es .  Befo re 

reco rd i ng it  i s  fu rthe rmore reco m m ended to bu l k  e rase the  tape ree l .  

Wh en  t h e  Tape Reco rder  i s  loaded with tape and ca l i b rated as d escr ibed 

ear l i e r  t he  operat ion  p roced u re i s  as fo l lows . 

Record 

1. Co n nect the  s i g na l  sou rce to I N PUT of the  channe l  req u i red (1 ,  2 o r  both ) . 

2 .  Set RECORD switch to the  des i red pos i t ion  fo r eac h chan ne l . 

" Off" : When recording on one channel only this position must be used 

on the o ther channel if information previously recorded on this 

channel must be preserved. 

* )  The refere n c e  vo l tage (1 .41 V Peak) is adj u sted at the  facto ry and fu rt h e r  adjust m e n t  

s h ou l d  n o t  be necessary .  I f  fo r o n e  reaso n  o r  a n  ot h e r  a n  adj ust m e n t  i s  necessary t h e  

p roced u re i s  d e s c r i bed i n  A p pe n d i x  C ,  i t e m s  1 to 7 .  
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Also ,  wi th the  sw itch i n  th is  pos i t ion  the  m eter c i rc u it of the  channe l  

no t  i n  use  can  b e  emp loyed to  mon ito r  t he  ou tpu t  f ro m  the  channe l  

i n  use by  mak ing  an exte rnal  con nect i on  between the  I N PUT of  
the  channe l  no t  used  to  the OUTPUT of the  c h an ne l  used , see 

page 1 5 .-

" DC" : Th is  pos i t ion  i s  u sed i f  the  i n put  s i g na l  conta i n s  a DC com ponent 

o r  f req uenc ies be low som e  1 0 Hz .  
"AC" : In  th i s  pos i t i on  the  lower l i m i t i ng  f req uency of the  Tape Reco rde r  

i s  4 Hz (- 3 d B) .  
3 .  To obtai n the  best possi b l e  s i g na l  to no ise rat io  the  i n put  l eve l  shou ld  

be as  h i g h  as  poss i b l e  wi thout  ove r load i ng the  i nput  « 1 .4 V, peak 

am p l i tude) . 

4. I f  t he  OVERLOAD i nd i cato r l i g h ts up  the  i n put  am p l i f i e r  i s  ove r loaded and 

the  i n put  s i g na l  leve l  m u st be red uced or attenuated by means of I N PUT 
ATTEN UATOR.  Reset OVERLOAD i nd icato r by depress i n g  the  back- l i t 
butto n .  

5 .  N ote I N PUT ATTEN UATO R sett i n g .  

6 .  N ote tape cou nte r read i ng o r  reset t o  "Zero "  b y  dep ress i ng the butto n 
j ust beneath the  cou nte r i f  i t  i s  i m po rtant to know the  pos i t ion  and length 

of the  reco rd i ng .  

7 .  Set TAP E  S P E E D  t o  th e des i red pos it i on  cons ide r i ng  f req uency range 

and poss i b i l i t i es of f req uency transfo rm at ion .  

8 .  When  the  g reen " Ready" lam p l i gh ts .  Dep ress the two buttons o n  the  

Contro l  box  (see F i g .  5 .2) marked "P"  and " R" s i m u ltaneous ly  and re l ease 

aga i n .  ( N ote : " P "  shou ld  be re l eased befo re " R " ) .  

T h e  lam p beh i nd butto n " R "  w i l l  l i gh t  a n d  reco rd i n g  w i l l  comm ence .  

Th e reco rded s ig na l  can  be mon ito red d u r i ng reco rd i ng  v i a  the  M O N ITOR 

outputs o r  d i rect ly f ro m  the O UTPUT sockets. 

9 .  Sto p reco rd i ng when  req u i red by dep ress i ng the red butto n marked "S"  

o n  the  contro l  box.  

Playback 

1 .  Co nnect O UTPUT to wh ichever i nstru ment  i s  to be used fo r ana lys i s  of 

the  recorded s igna l .  

2a .  Cal i b rate th ese i n st ru m e nts i n  accordance to  the  respect ive i nst ruct i on  

books .  When  the Tape Reco rd e r  is  ca l i b rated as  descr i bed under sect ion  

"Cal i b rat i on"  i t  w i l l  rep rod uce the  reco rded s i g na l  w i t h  u nchanged l eve l .  * ) 
2b .  Set RECORD switch to " Ref" and I N PUT ATTEN UATOR to the sett i ng 

used d u r i n g  record i n g .  The output  l evel  obta i ned then  co rrespo nds to 

1 .41 V peak am p l i t ude  and it  can be used as a refe rence to d eterm ine  

the  s ig na l  l eve l .  

* )  I f  t h e  I N P U T  ATT E N UATO R switch has been set t o  any oth e r  p os i t i o n  t h a n  " 0 ' " duri n g  

rec o rd i n g the re c o rded s i g n a l  i s  n o t  t h e  s a m e  a s  t h e  i n p u t  s i g n a l . 
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3 .  Set TAP E  SPEED to the  des i red tape speed . 

4. Dep ress p l aybac k butto n ( P) o n  the  contro l  box .  The funct ion  w i l l  be 

b locked u nt i l  t he  g reen " Ready" lamp l i g hts u p .  

5 .  T o  stop p l aybac k t h e  butto n marked "S"  i s  dep ressed . 

Fast  Tape Transport 

On the contro l  box ( F i g .  3 . 2) are fou nd two buttons  each marked with an 

ar row.  The one to the  r ight  i s  fo r " Fast Fo rward " and the  one  to the  l eft fo r 

" Rewi nd " .  To p rotect the  mag net i c  h ead s and tape d u r i n g  fast w i nd i ng a pa i r 
of ro l l e rs are s i tuated j u st beneath the  h ead s .  D u r i ng fast w ind i ng they w i l l  

auto m at i ca l l y  l i ft the  tape away f rom the  h eads .  

N OTE : When the LOAD COM PENSAT I O N  sw i tch i s  in  pos i t ion  " Loop"  the  fast 

tape t ransport is b l oc ked . 

Fast Forward (�)  
Befo re th i s  button w i l l operate the  tape transpo rt m ust be stopped . Then  d epress 

the push button (�) (to the r ight) on  the contro l  box.  To stop the tape t ransport 
dep ress the  push butto n (S) . 

Rewind 

Stop the  tape t ransport and dep ress ( .... ) .  

I t  i s  poss i b l e  to c h ange d i rect ly f rom one  fast w i nd i ng d i rect ion  to the  other  

by  d e p ress i ng the  pushbutto n fo r t he  oppos ite w i nd i ng d i rect ion  (wi thout  us i ng  

the  (S )  button) . 

-

Fo r a standard tape of 2400 feet the  fu l l  w i nd i ng t i m es i n  both d i rect ions  are 

l ess than 95 sec.  

Automa tic Stop 

The photo-e lect r i c  end-of-tape senso r can be used to pu rpose ly  stop the  

tape  t ransport by i nt rod u c i ng a p iece of t ransparent  tape  whereve r d es i red 
(fo r i nstance befo re the  tape leaves the  ree l s  d u r i ng a fast w i nd i ng p rocess) . 

Th e l ength of transparent tape necessary to stop the  tape transpo rt does, 

howeve r,  d epend upon  the tape speed , see tab l e  be low : 

Tape Speed ( i ps) 1 .5 6 1 5  60 
Fast 

w ind i ng 
I 

M i n  Length of 

Transparent Tape m m  2 2 2 8 60 

I nc h  3/32 3/32 3/32 5/1 6 2 1h  

Afte r t he  end-of-tape senso r h as been act ivated i t  takes approx i m ate ly  3 

seco nds  before the  tape transpo rt stops .  I n  the  case of fast w i nd i ng i t  i s  

t herefo re reco m m ended to  keep som e  50  feet ( 1 5 m)  o f  tape  o n  the  ree l s  

afte r t he  p i ece of t ransparent tape wh ich  act ivates the  end-of-tape sensor .  
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Monitoring 

The M O N ITOR SELECTO R switch se lects one  of t he  m easu r i ng  channe ls  o r  

t h e  vo ice  track fo r the fo l low i ng outputs : 

"Mic" A m o n ito r  m i c rophone  is  co n nected to the  coax ia l  socket m arked 
" M i c " .  Th is  m i c rophone  is a sma l l dynam i c  type wh ich  acts as a 

m i n i atu re ' ; Loudspeake r" ,  ( p l ayback) when the  push b utto n o n  top of 

i t  i s  not act ivated and as m i c rophone  ( reco rd ) wh en  act ivated (see 

sect ion  " Desc r ip t ion  of the Vo ice  Chan ne l " page 1 8) .  

Monitor The M O N ITOR output  shou ld  not be l oad ed by l ess than  2 kQ fo r low 

d isto rt i on .  

The output  l eve l  on  both outputs i s  ad j ustab l e  by  the M O N ITO R  VOLU M E  

contro l .  

Voice Track 

The Tape Reco rd e r  Type 7001 is  su p p l ied with a th i rd t rac k s i tuated between  

the two m easu r i ng  channe l s . I t  serves two pu rposes : 

A.  To carry i nfo rmat ion  perta i n i ng to m easu r i ng  d ata reco rded o n  m easu r i ng  
channe ls . 

B .  Reco rd i ng of marke r p u l ses.  

Recording on Voice Track 

Th i s  can be done in  two d i ffe rent ways refe r r i ng  to the  two pu rposes m ent ioned 

above.  

N OTE : Reco rd i ng can take p l ace  on the vo i c e  t rack  when the Tape Recorde r  

i s  operated i n  the reco rd i n g  mode as  we l l  as  i n  the  p l ayback mod e under  t he  

fo l low i ng cond i t ions : 

A .  Recording via Monitor Microphone 

1 .  P l ug the m o n ito r m i c rophone i nto the coax ia l  soc ket marked " M IC"  j ust 

beneath the contro l  box.  

2 .  Dep ress the push butto n s i tuated o n  the m ic rophone  itse l f  and g ive the 

des i red i nfo rmat ion  to the m ic rophone .  

B. Recording via MONITOR SELECTOR, - "Marker" 

1 .  Set M O N ITOR SELECTO R to pos i t ion  "Vo i ce " .  

2 .  Tu rn i ng t h e  M O N ITOR SELECTOR fu rther  c l oc kwise t o  t h e  s p r i n g  load ed 

pos i t ion  " M a rker" p rod uces a 440 Hz m a rker  to ne wh ich  w i l l  be reco rd ed 

on the vo ice  t rack fo r as long  as the M O N ITO R SELECTOR is  act ivated . 

As d esc r i bed u nd er sect i on  " Remote Contro l "  these m arker tones can 

be used fo r i nstance fo r sync ro n i s i n g  the Leve l Reco rd e r  Type 2305 and 

switch i ng the  f i l te rs in  the  Spectro m ete r Type  2 1 1 2 . 

Erasing Voice Track 

The vo ice  t rack can o n ly be  e rased separate ly  by dep ress i ng the  push button 

o n  the  m o n ito r m ic rophone  and p revent i ng  any s i gna l  f ro m  reach i ng the m icro­

phone .  
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Remote Control 

Situated at the rea r  of the Tape Reco rde r  is a 6-p i n ned socket marked MAR KER 
O UTPUT. V ia  th i s  socket i t  i s  possi b le ,  by means of m arke r pu lses on  the 

voice t rack,  to  estab l ish  sync h ron ism between the reco rd i ngs o n  the Tape 
Reco rder, the Spect romete r Type 21 1 2  and the Leve l Record e r  Type 2305. 

A spec ia l  remote contro l  cab le ,  AQ 001 6, is  de l ive red with the Tape Recorder 
fo r th is  pu rpose. 

Frequency Analysis on Uncalibrated Paper 

1 .  Co n nect t he  i nstru ment as shown in F i g .  5.3, except fo r the remote contro l ,  

A Q  001 6. 
2 .  Set the TAP E  S P E E D  to the des i red pos i t io n .  

3 .  Set t h e  FU N CT I O N  SELECTOR (21 1 2) t o  "L i n . "  
4 .  Set the s i gna l  l eve l (see the i n st ruct ion  books fo r the Leve l Reco rder  Type 

2305 and the Spectromete r Type 21 1 2) .  

5 .  Set the  F U N CT I O N  SELECTOR to d es i red posi t io n .  
6 .  P repare a tape l o o p  conta i n i ng t h e  s i g n a l  wh i ch  is  go i ng  t o  be ana lyzed .  

- _  .• --- .". ..... -

21 12  2305  

- -,  
I 
I 
, 
I 

L...-_________ ...... _ _ _ _ _ _ _ _ _ _ _ _ J 

Remote Co nt rol  ( A O  00 16 ) 
Fig . 5.3. Set-up for automatic frequency analysis . 

7 .  Reco rd m a rker p u l ses o n  the  vo ice  t rac k,  as d escr i bed i n  sect io n :  "Vo i ce 

T rack" . The p u l ses shou ld  not be l onger  than 0 .5  seco nd  approx imately 

and m ust be reco rded at the actua l  tape speed . 

Note : I f  th i rd octave ana lys i s  i s  d es i red one  pu lse per  loop l ength w i l l  

ensu re that the  loop cyc le  w i l l  b e  wi th i n  each th i rd octave f i l te r. I f  octave 

analys is  is des i red th ree p u l ses must be recorded to obtai n the same effect .  

The d istances between these p u l ses a re not  c r i t i ca l . 

8. Con nect the  remote contro l  cab l e  AQ 001 6 to the  Tape Reco rd er  and the 

Spectrometer .  (The p l u g s  are m arked wi th  type n u m be rs) . Leave the Leve l 

Reco rde r  p l u g  u ncon nected . 

9 .  Start p l ayback by dep ress i ng the push b utto n (P)  o n  the  Contro l  Box. 
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Frequency Analysis on Precalibrated Paper 

1 .  Co nnect th e i n stru ments as shown i n  F i g .  5 .3 ,  except fo r  the  remote contro l  

cab l e  A Q  001 6. 

2 .  Set the TAPE SPEED to the des i red pos i t io n .  

3 .  Set t h e  F U NCT I O N  S E LECTOR (21 1 2) t o  " U n . "  

4 .  Set t h e  s i gna l  l eve l (see t h e  i nst ruct ion  books fo r t h e  Leve l Recorde r  Type 

2305 and the Spectrometer Type 21 1 2) .  

5 .  Set the F U NCT I O N SELECTOR t o  t h e  des i red f i l te r pos i t io n .  

When  t h e  t ime  fo r one  l o o p  cyc le  at t h e  actua l  tape speed i s  g reate r than 

the  t ime used to m ove the paper  one  th i rd octave at  the  actua l  paper 
speed * ) the  fo l low i n g  p roced u re can be fo l l owed . 

6. P repare a tape loop with the s i gna l  wh i ch  i s  g o i n g  to be ana lyzed . 

7 .  Reco rd one  m arke r p u l se on  the vo ice  t rac k i f  the  sam e part of the loop 
cyc l e  shou l d  be  repeated with i n  each th i rd octave f i l ter .  Th e p u l se shou l d  

not be  longer  than 0 .5  second and m u st be  reco rded at the  actua l  tape 

speed . 

Note : I f  octave ana lys i s  i s  car r ied out  i t  i s  necessary to l et the  loop com p l ete 

th ree cyc l es with i n  each octave f i l ter .  

8 .  Con nect the  remote co ntro l  cab l e  AQ 001 6 to the respect ive i nstru ments 

(type n u m be rs a re w ritten on  the p l ugs) .  

9 .  D raw out  the G EAR LEVER on  the r i gh t  s i d e  o f  t he  Leve l Reco rd er. 

1 0 . Tu rn the n i c ked mark  on the SWITCH RELEASE sc rew (S) ( F i g .  2 .3 i n  the  

i n struct ion  book fo r the Leve l Reco rd e r  Type 2305) to the u pper pos i t i o n .  

1 1 .  Set the  PAPE R  D R I V E  t o  "Start" a n d  " Fo rward " .  

1 2 . Loc k  t h e  S I N G LE CHART - CONTI N UOUS RECORD I N G  button i n  pos i t i on : , 
"Cont .  Reco rd " .  

1 3 . T h e  PAPER SPEED sw itch on  t h e  Level  Reco rd e r  m u st b e  set s o  that the  

t ime  i t  takes the  pape r to  move one  th i rd octave ( the  t ime  between two 

p u l ses f ro m  the Leve l Recorder) is sho rte r than the t ime  fo r one  loop cyc le .  

1 4 . Synch ro n i se the  p reca l i b rated paper o n  the  Leve l Reco rd e r  w i t h  the  

Spectromete r as  descr i bed i n  the i n st ruct ion  book fo r the  Spect rometer 

Type 2 1 1 2 . 

1 5 . Start p l ayback by dep ress i ng the  push butto n ( P) o n  the Contro l  Box.  

*) N ote : I f  t h e  l o o p  l e n g t h  i s so  sh o rt a n d  t h e  d e s i red p a p e r s p e e d  so s l ow t h at th i s  re l at i o n  

c a n n ot be fu l f i l l e d  t h e  f i l t e r  sw i t c h  o n  t h e  S p e c t ro m et e r  c a n  be c o n t ro l l e d  s e p a rate l y  

f rom t h e  Leve l R e c o r d e r  by c o n nect i n g  t h e s e  t w o  i n stru m e nts w i t h  re m ote c o ntro l  c a b l e  

A Q  0002 (see t h e  i n s t r u ct i o n  b o o k  fo r t h e  Lev e l  Recorde r Type 2305 o r  t h e  Spectrometer  

Typ e  21 1 2) .  

I n  t h i s  case t h e  best a n a l ys i s  i s  obta i ned w h e n  seve ra l l oo p  cyc l e s  a re co m p l eted w i t h i n  

each f i  I ter .  
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Record and Playback Times 

Reels 

A Standard tape (3600 ft . )  w i l l  g ive the fo l lowi ng max i m u m  reco rd i ng t i m e  at 

the  d i ffe rent tape speed s :  

Record i n g  Speed Reco rd i n g  T i m e  

6 0  I PS I 1 2  m i n .  

1 5  I PS 48 m i n .  

6 I PS 2 h r . 

1 .5 I PS 8 h r. 

Tape Loops 

As ment ioned befo re it is poss ib l e  to ru n tape loops wi th  a tape length between 

8 ft .  - 25 ft .  Th is  w i l l  g ive the fo l lowi ng  l i m i ts of reco rd i n g  t i me .  

Tape Loop Length 
8 ft. 25 ft. 

(2.4 m)  (7 .5  m)  

60  I PS 1 .6 sec 5 sec 

1 5  I PS 6 .4 sec 20 sec 

6 I PS 1 6  sec 50 sec 

1 .5 I PS 64 sec 200 sec 
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6.  Com b i ned U n its 

Combined Units. 

The Tape Reco rde r  Type 7001 can be de l ivered i n  co m b i n at ion  u n its together  

with the Leve l Recorder  Type 2305 and othe r  B & K i n stru ments .  These com­

b i n at ions  offe r a wide var iety of meas u rement  poss i b i l i t ies and h ave been de­

s ig ned to meet a req u i rement  fo r a more permanent  set- u p  where rac k  systems 

are not req u i red and where space is  at  a p rem i u m .  

Fig . 6.1. The Low Frequency Spectrum Recorder Type 3339. 
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Tape- and G raphic Recorder Combination Type 3336 . . 
T h i s  u n it conta i ns  the Tape Reco rde r  Type 7001 and  the Leve l Reco rd e r  Type 

2305. Co ns ider i ng  the fu nct ion  of freq uency transfo rmat ion  by means of the 

Tape Record e r  i t  i s  poss i b l e  to m ake reco rd i ngs  of var iat ions  in  s i g na l  l eve l s  

w i th  a f requency f rom DC to  approx i m ate ly 800 Hz as wel l as  response cu rves 

in the f req uency range  from DC to 20 kHz .  

Tape- and Graphic Recorder Combination Type 3337. 
Cons i sts of the  Tape Reco rder  Type 7001 , the  Leve l Recorder Type 2305 and  

the M ic rophone  A m p l i f i e r  Type 2603, w h i c h  can be used  as  a p ream p l i f i e r  and  

powe r supp ly  fo r the  m i c rophone ( i n c l u d i ng cathode fo l l owe r) and  fo r the  

acce le romete r ( i n c l u d i ng p ream p l i f ie r) .  

Low Frequency Spectrum Recorder Type 3338. 
Th i s  u n it cons ists of the Tape Reco rde r  Type 7001 , the Leve l Reco rde r  Type 

2305 and the Freq uency Ana lyze r Type 2 1 07. Th i s  com b i nat ion  p rov ides nar row 

band spectru m ana lys i s  i n  the f req uency range  of 0.5 Hz to 20,000 Hz.  

Low Frequency Spectrum Recorder Type 3339. 
Cons ists of the  Tape Reco rde r  Type 7001 , the Leve l Reco rde r  Type 2305 and  

the Aud io  F req uency Spectromete r Type 21 1 2 , wh ich  makes i t  poss i b l e  to  make 

- th i rd octave and octave f req uency ana lys i s  i n  the freq uency range from 0.6 Hz 

to 20 ,000 Hz.  
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7 .  Appl ications 

Measurement and Analysis of  Acoustic Noise. 

I n m any cases of no i se m easu rement i t  is conven ient  and som e  t i m es necessary 

to be ab le  to reco rd and sto re the  o r i g i na l  no i se s i gna l  fo r l ater  rep rod uct ion 

and ana lys i s  in  t he  laborato ry. Typ ica l  exa m p l es are the  m easu rement and 

eva l uat i o n  of i m p u l s ive no ise l i ke son i c  bangs ,  trans ient o r  i nterm i ttent noise ,  

and var ious  k i nds of sem i -stat ionary no ise .  The output  s ig na l  f rom the measu r-

26 12/13 2101 

b )  

I 
I 
I .&. 

I 
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413 1/32 2630 I I 
• 

7 0 0 1  

c ) 

2112 

d ) 
2203 l, n,2 

Fig . 7. 1 .  Typical measurement arrangements used to record acoustic noise on 
the Tape Recorder 7001 . 

a) Use of a B & K Condenser Microphone with associa ted Cathode Follower 
and Microphone Power Supply Type 2801 (or 2803). 

b) Use of a B & K Condenser Microphone with Ca thode Follower Type 2630 
including battery power supply. 

c) Use of  a B & K Condenser Microphone and Cathode Follower and the 
Spectrometer Type 21 1 2. 

d) Use o f  the B & K Precision Sound Level Meter Type 2203. 

— 51 —



i ng m ic rophone  i s  then  fed to t he  Tape Reco rd e r, e i t her  d i rect ly o r  v i a  som e  
am p l i fy i n g  d ev ice ,  see F i g .  7 . 1 . 

Du r ing  reco rd i ng care shou l d  be taken not to overd r ive the  recorder am p l i ­
f i e rs .  Fo r th is  pu rpose the Tape Reco rd e r  h as been supp l ied wi th  over load 

i nd icato rs wh i c h  warn the  operato r when  spur ious  ove r load i ngs  occur. I n  

cases where i m p u lse no i se i s  reco rd ed i t  i s  adv isab l e  to set the  record e r  ga i n 
contro l  1 0  to 28 d B  lower th an norm a l  d u e  to the ve ry h ig h  c restfacto rs i n ­
vo lved . 

A p rob lem wh i c h  m igh t  a lso cause confus ion  o n  som e  occas ions is  the  ca l i ­
b rat i on  of the  tape,  i .e .  a d eterm i n at ion  of the  abso l ute sound  p ressu re l eve l 
of t he  recorded no ise .  H e re th e use of the  P I STON P H O N E Type 4220 i s  ex­

t reme ly  h e l pfu l ,  i n  . t hat it makes poss i b l e  the  reco rd i n g  of a refe rence s i g na l  

w i th  a very accu rate ly  known so und  p ressu re l eve l .  Care need o n ly be taken 

e i th e r  not to touch  the  ga i n contro l s  of th e i nstrumentat ion  after  the  refe rence 
s i gna l  h as been reco rd ed o r  to g ive exact i nfo rm at ion  on  ch anges i n  ad j u st­
m e nt d i rect ly o nto the tape (vo ice  chan ne l ) . 

7 0 0 t  2 1 12  

Fig . 7 .2 .  Arrangement used for labora tory analysis of magnetically taped da ta . 

The  actua l  u l t i m ate ana lys i s  of the  reco rded no ise m ay take m any fo rms and 
serve many pu rposes.  I t  m igh t , fo r i nstance ,  cons ist in  the  use of the s i g na l  

fo r psycho-acoust ica l  exper iments and subj ect ive com par ison tests. I n  th i s  

con nect ion  m u l t i -t rack reco rd i ng a n d  rep rod uct ion  ut i l i z i n g  stereo p h o n i c  p r i n­

c i p l es a re some t i m es emp loyed . O r  it m ay cons ist i n  a f requency o r  t i m e  

transfo rmat ion  o f  the  o r ig i na l ly reco rd ed s i g n al b y  p l ay i ng t h e  tape b a c k  a t  a 
speed d i ffe rent  f ro m  the one  used d u r i ng reco rd i ng F i g .  7 .2 .  

Th is  m igh t  be d es i rab le  to  e i ther  br ing  a very low f req uency s i g na l  u p  i nto the  

freq uency range  of com m o n ly avai l ab l e  f req uency ana lyzers ,  o r  to  b r i ng a 
record ed " h i g h "  f req uency s i g na l  down i nto the  operat i ng range of g rap h i c  

p e n  reco rd e rs .  An  exam p l e  o f  t h e  f i rst i s  t h e  f req uency analys i s- o f  a so n i c  
boom a n d  o f  t h e  l atte r t h e  transfo rmat ion  o f  a short i m p u lse ,  say that p roduced 

by an  exp los ion ,  d own in  f req uency ( l ower tape speed) so that the  exact shape 
of the  i m p u l se m ay be reco rd ed g raph ica l ly .  
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Fig . 7.3. Frequency analysis of the noise from a passing motor car. 

F i na l ly ,  ce rta i n  rep resentat ive sam p l es of the no i se m ay be se lected from the  

tape and fo rmed i nto end l ess tape loops a l low i ng very carefu l f req uency 

analyses to be  mad e  ( F i g .  7 .3) . I t  i s  t hen  a l so poss i b l e  to obta i n  a th ree­

d i mens iona l  p i ctu re of fo r i nstance t rans i ent no ise ,  see F i g .  7.4 .  

Amplit ude 

Lf 58063 
Fig. 7.4. Three-dimensional analysis of transient acoustic noise from a passing 

motor cycle suddenly halting. 

Analysis of Low Frequency Vibrations. 

M echan ica l  v i b rat ions  encou ntered in p ract ice  often conta i n  components of 
very low f req uenc ies.  Several  m ethods m ay be u sed to ana lyze such  v i b rat ions ,  

o n e  of t he  most e l egant  o nes,  however ,  be ing a f requency transfo rmat ion  by 

m eans of tape reco rd i ng .  The  mech a n i ca l  v i b rat io ns  are then  t ransfo rmed i nto 

e l ectr ica l  S i g na ls  by m eans of su itab le  mechan i ca l  e l ect r i ca l  t ransd ucers ,  and 
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4 3 1 2  

A c c e lerometer Pre a m p l i f ier 

2 1 1 2  

Au d i o  Freq u e n c y  

A n a l y z e r  

7 0 0 1  

Tape Re c or de r  

Fig . 7.5.  Measuring arrangement used to record lo w frequency vibrations onto 
magnetic tape .  

the  e l ect r ica l  s i gna l s  are reco rded on  m ag net i c  tape.  Depend i ng upon whethe r  

i t  i s  d es i red t o  study t h e  v i b rat i on  wavefo rm o r  the  v i b rat i on  f requency 

spect ru m ,  the  mag net i c  tape can ,  d u r i ng p l ay-back ,  e i th e r  be s lowed down o r  

speeded u p .  A s  t h e  v i b rat i on  f req uency spect ru m co nst i tutes a powerfu l  too l 

i n  est i m at i ng  v i b rat ion  t ransm i ss ion  p ropert ies  i t  m ay ,  i n  the  major ity of cases, 

be the speed i ng-u p p roced u re that is used . Low f req ue ncy v i b rat ions  can then 

be b rought  u p  i nto the  f req uency range of co nvent iona l  f req uency ana lyzers , 

and  ana lys i s  t i m e  i s  automat ica l ly a l so red u ced fo r the  sam e deg ree of spec­

t ru m  reso l ut ion .  An  exam p le  of such a f req uency transfo rmat ion  i s  the  m easu re­

ment  of backg rou n d  v i b rat ions  in b u i l d i ngs  whe re ,  fo r i nstance ,  very v i b rat ion  

�
sens i t ive expe r iments are to  be  conducted . I f  t he  lowest v ib rat ion  f req uency 

of i nte rest i s  so me 2 Hz  a typ i ca l  m easu rem ent arrangement wh i ch  m ay be 

used to reco rd the v i b rat ions  i s  shown i n  F i g .  7 .5 .  I t  co ns i sts of an Acce le ro­

meter  Type 4332, a V i b rat ion  P i c k-up P ream p l i f i e r  Typ e  1 606, an  Aud io  Fre­

q uency Spectromete r Type 21 1 2  (switch ed to i ts " L i near  2-45000 Hz"  range) 

and the  Tape Reco rd er  Type 7001 . * ) 
When the  v i b rat ions  h ave been recorded o n  the  tape th i s  can be p l ayed back 

at  a h ig h e r  speed and ana lyzed by means of the  ar rangement  shown i n  F ig . 7 .2 .  

Us i ng p re-p r i nted , f requency ca l i b rated paper on  the Leve l Reco rd e r  Type 

2305 shown i n  F ig .  7 .2  a spectrog ram as g iven i n  F ig .  7 .6  i s  obta i ned . H e re one  

th i rd octave ana lys i s  of the v i b rat ions  were made wh i c h  gave an adeq uate 

reso l ut ion  of the spectrum in th i s  case.  * * ) 
Note : Th e f req uency sca le  o n  the  paper  co rrespo nds to the  actua l  v i b rat i o n  

f requenc ies ( i .e .  befo re f req uency t ransfo rmat ion  was m ad e) . 

* ) I f  t h e  l ow f req u e n cy v i b rat i o n s  a re v e ry st ro n g  a n d  o n l y  l i tt l e  a m p l i f i cat i o n  i s  req u i red 

of  the o ut p u t  s i g n a l  f rom t h e  Acce l e ro m ete r , Typ e  21 1 2  m ay be s u bst i t uted by the Powe r 

S u p p l y  Typ e  2801 ( o r  2803) . I n  t h i s way i t  i s  a l so poss i b l e  to rec o rd v i b rat i o n s  w i t h  f re­

q u e n c i e s  l ow e r  t h a n  2 Hz .  
* * ) D u e  to t h e  ve ry l ow l evel v i b rat i o n s  ( 3  X 1 0-5 m/sec . )  a s p e c i a l  acce l e ro m et e r  had t o  

b e  u s e d ,  see a l so B & K Tec h n i c a l  R ev i ew N o . 1 -1 967 . 
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Fig. 7.8.  Spectrogram of  the background vibra tions in a modern building. 

Frequency Analysis of Dynamic Strain. 

An exce l l ent m ethod fo r f req uency ana lyz i ng low f req uency dynam i c  st ra i n is  

to  use the  Tape Reco rd e r as a speed u p  d ev ice .  I f  o n ly re lat ive m easu rements 
are d es i red , i . e .  in cases where i t  is not st r ict ly  necessary to ca l i b rate the 
reco rd i n g  in  terms of lu St ra i n ,  a s i m p l e  and stra ig ht-fo rward reco rd i ng a rrange­

ment can be u sed as shown in F i g .  7 .7 .  Shou l d  i t  be d es i red to m ake "abso l ute" 

measu rem e nts a su i tab l e  ca l i b rat i o n  of the  tape can  be  mad e  dynam ica l l y  by 

Tape Recorder 

DC Low Freq. 
Power [> 
Supply 

Ampl i f ier 

7 00 1  ((, 7Ii ? 
Fig . 7.7 .  Measuring arrangem ent used to record uncalibra ted strain gage da ta 

onto magnetic tape .  

m eans of the  Stra i n  Gage DC B ri dge  S u p p l y  U n i t Type 1 535 F ig .  7 .8 .  As 

shown in  the  f i g u re ,  however ,  i t  i s  i n  th is  case necessary to  use a n  exte rna l  

s i gna l  gene rato r wh i ch  can  s u p p ly a vo l tage of 3 Vo lts (RMS) i nto a l oad 

of 1 00 Q . The  f req uency of the  s i g na l  generato r shou l d ,  of co u rse ,  be i ns i de  

the  f requency range o f  t he  Tape  Reco rd e r  a t  the  tape speed chosen fo r re­

co rd i n g .  The Ba lan c i ng U n it Type 1 530 is d u r i ng ca l i b rat i on  used to ba l ance the 
i nterna l  res i stance b r i dge  in  Type 1 535 when  th i s  i s  switch ed to " Ref. Adj ust­

ment" . 

By switc h i ng t he  DC B r i d g e  S u p p ly U n it to " Ref .  
'
1 000 {lSt ra i n " ,  one  of the  

res i sto rs i n  the  b r i dge  i s  sh u nted by  50  kQ , see  F i g .  7 .9 whereby the des i red 

ca l i b rat ion  s i g n a l  of 1 000 {lStra i n  is p roduced on the  tape .  

— 55 —



Signa l Gene rator Tape Recorder 

Low Freq. 

� 

[> Ampl if ier 
700 1  

1022  1535 

f6 ? f i f  
Fig. 7.B. Arrangement used to calibra te the tape recording in terms o f  !,Strain . 

Du r i ng  reco rd i n g  of th e actua l  s ig na l  f ro m  the stra i n  gage i nsta l l at ion  be i ng  

i nvest i gated , Type 1 535 sho u l d  be used to  s u p p ly the  necessary vo ltage to  the  
i nstal l at i on ,  see  F i g .  7 . 1 0 .  Th e B R I DG E  VO LTAG E switch o n  Type 1 535 m u st 

then  be i n  pos i t i on  "3" and the ADJ USTM ENT SWITCH i n  pos i t ion  "Operat i on  
DC" . When  the lowest f req uency o f  i nte rest i n  the  i nvest igat ion  i s  g reate r t han  

2 Hz ,  the  u n i t m arked " Low F req uency Am p l i f ie r"  i n  F igs .  7 . 8  and 7 . 1 0  cou ld  

be any  of the  B rue l  & Kjce r  measu rement  a m p l i f i e rs .  I f  ana lys is  o f  s i g na ls  

co nta i n i ng f req uenc ies lowe r than  2 Hz  i s  req u i red , a spec ia l  low f req uqency 

am p l i f i e r  (o r DC-am p l i f ie r) m ust be used . 

Wh en  th e s i gna l  h as been reco rded the  tape can be made i nto a loop and  

f req uency ana lyzed at  a h ig h e r  tape  speed as  d iscussed under  "Ana lys i s  o f  
L O W  F requency V i b rat ions" ,  F i g .  7 .5 .  

An exam p l e  of such an ana lys i s  is  shown in  F ig .  7 . 1 1 .  H e re a two deg rees-of­

f reedo m  mechan i ca l  system was v i b rated on  an e l ectrodynam i c  v i b rat i on  

m ac h i ne fed f ro m  a w ide-band random no ise sou rce and  the stra i n ,  caused 

1 0-------+-----....., o 1 

2 0----, 0 2  
3 0-....... ---1--« 3 
4 Va.c. 0 4 

360062 

Fig. 7.9. Circuit diagram of  the calibra ted resistance bridge built into the 
Strain gage DC Bridge Supply Unit Type 1 535. 
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Bridge Supply Bala ncing 
U n it Un it  

e · � .  e · _ _  ' --'"-... _ .  , - . - � - .  . ... .!.----- --,-� ' 

--�.=- • ... 1535 
1530 

:1=::::F::::::::: "Active"  Gage 
___ --...J "Dummy " Gage 

Tape Recorder 

Low Freq_ 

[> 
Ampli f i er 

Fig. 7 . 1 0. Arrangement used to record calibra ted strain da ta onto magnetic tape. 

� - -- --- - -�- -- -----.- - � ---- - - -- -- - -- I 
o 0 0 0 0 0 0 0 0 0 0 0 0 D O D  n o D  0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 2 

Fig . 7 . 1 1 .  Example of  th e frequency analYSis of  s train measurements .  The 
Analyzer used in this case was the B & K Frequency Analyzer Type 2107 which 
has a considerably h igher frequency resolution than the Spectrometer (Type 

21 1 2) .  

by bend i ng stresses, measu red . A freq uency t ransformat ion  rat io  of one  to 

ten was used and t he  freq uency ana lYS is  was mad e  by means of a F req uency 

Analyze r Type 21 07. The 0 d B  refe rence co rresponded to 40 [lStra i n .  
. 

Graphic Record ing of the Vibration Waveform. 

When it is d es i red to g raph ica l l y  record th e v i b rat i on  wavefo rm the Tape 

Reco rd er  can be used to b r i ng  " h ig h "  freq uency v i b rat ions  down i nto the f re­

quency range of o rd i nary g rap h i c  pen record e rs.  F i g .  7 . 1 2 shows an exam p l e  of 
such  a transfo rmat ion  i n  that t he  stra i n wh i ch  was f req uency ana lyzed by 
means of a speed-u p p roced u re i n  F i g .  7 . 1 1 h as h e re been reco rded on the  

Level  Reco rde r  Type 2305 after  a one to  fo rty step-down t ransfo rmat ion .  
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""" 0-

i== Frequency Trans format i o n : x 0 . 025 � Po tentiometer Range : 12dB .  � Rec t i f i
.
er : DC. � Low. L r m . Frq . :  5 0 Hz.  

� Writ ing  Speed:  500  m m/sec. � Paper Speed : 3 mm/sec.  � P o tent i ometer : 10 3 5 mV L i n .  � Bias Volt ag e :  3 V. F-'---
G P  11 02  

.,," 0-

Fig . 7.12 .  Graphic recording of  the vibra tion waveform corresponding to the 
frequency spectrum shown in Fig . 6 . 1 1 .  

Room Acoustic Measurements. 

I n  a l l room acoust i c  wo rk the  Tape Reco rde r  can be used s i m u ltaneous ly  as a 

s i gna l  sou rce and fo r reco rd i n g  the  meas u rement data. Fo r i nstance ,  one  of the  

channe ls  of th e Reco rd e r  can be used to  p re-reco rd t he  d es i red exc i tat ion  

s ig na l  w i d e  band no ise,  nar row band random no ise ,  p u re to nes,  m us i c  etc . etc . 

Wh i l e  t h i s  channe l  i s  be i ng used to exc ite the  roo m ,  t h e  seco nd channe l  of 

Room u n de r Test 

I Loud s p e a ker M i c rophon e 
I w i t h  Ca t ho d e  Fo L L o w e r  

Powe r  Ampl if ier  

(5 .:o.=. '----+�ttl 
••• 

iii @ 
="."'0 @ 

... 
2603 

Fig. 7.13 .  Example of the use of the Tape Recorder for room acoustic m easure­
m ents .  
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the  Reco rde r  can be  used to reco rd the measu rement  d ata wh ich  can  then be 

p rocessed back i n  the  l abo rato ry under  m o re conve n i ent cond i t ions  and as 

often as is des i red . Spec ia l  app l i cat ions  of t h e  Tape Reco rde r  i n  room 

acoust ics  i nc l ud e  the m easu rement o f  reverberat ion  t ime  and the  com par iso n  
o f  the  i nte l l i g i b i l i ty of rooms .  

Sound Insulation Measurements. 

When  a g reat n u m be r  of sound  i nsu l at ion  m easu rements h ave to be m ade i n  

th e same bu i l d i ng i t  w i l l  b e  o f  an  advantage t o  use a short d u rat i on  s i g na l  such 
as a g u n  shot ,  and to reco rd the sou nd l eve l  o n  the  two channe ls  s i m u ltane­

ous ly .  The n ecessary i nvest igat ions  can be m ad e  back i n  the  l abo rato ry where 

th e  reverberat i on  t imes of the  rooms can a lso be fou nd . 

7 0 0 1  

1� 71 {' 7 
Fig. 7 . 14 .  Sound insula tion measurements by means of  the Tape Recorder. 
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Appendix A. 

Frequency Modulation .  

8 .  Appe n d i ces 

The re are m any exce l l ent  and tho rough  textboo ks d esc r i b i ng the p r i n c i p les 

of f req uency mod u l at i on  i n  g reat d eta i l s  * ) . O n  the  fo l lowi ng  few p ages o n ly 

a b r i ef recap itu l at i on  of the  most bas i c  facts pert i nent  to t h e  use of FM 

tec h n iq u e  in  m ag net i c  tape reco rd i n g  i s  thus m ade .  
A lmost any  p ract i ca l  AC s igna l  can be i nterp reted as  a s u m  of s i m p l e  s i n us­

o i d al and cos i n u so ida l  "waves" .  Fo r a bas i c  u nd e rstand i n g  of fo r i nstance 

a mod u l at i on  p rocess i t  i s  thus often suff i c i ent  to j ust cons ider  one  cos i nus­

o i d al s i g na l  
a = Ao cos cP ( 1 ) 

wh ere Ao i s  the  m ax i m u m  am p l i tude of t he  s ig na l  and cp i s  a cont i n uo us ly  

vary i n g ,  genera l ized ang le .  Fo r a constant f req uency s i g na l  of f req uency f ,  

cp can be wr i tten 
cp = S 2 n f d t  = 2 n f t + cP = W t + cP 

whe re W = 2 n f = ang u lar  f req uency.  

I f  the s i g na l  f req uency i s  not  constant i t  i s  usefu l to d ef i ne an  instantaneous 

angular frequency 

d cp  -- = 2 n f = w 
dt  

(2) 
I n  f req uency mod u l ated systems the  am p l i tu d e  facto r Ao i n  equat ion  ( 1 ) i s  

kept  co nstant wh i l e  the i nstantaneo us f req uency i s  var ied acco rd i ng to  some 

funct ion  d eterm i ned by the mod u l at i ng  s i g n al .  

Us i ng  a s i m p l e  cos i ne rep resentat ion  o f  t h e  modula ting s ig na l  the  i nstantaneous 

f req uency i s  g iven by 

f = fo + L1 f cos (WI t) (3) 

H e re fo is t he  car r ie r  f req uency a rou nd wh i c h  the  mod u l at i ng s ig na l  var ies 

with a f requ ency fl = WI and a max i m u m  frequency devia tion of L1 f. 
2 n  

M u l t i p ly i ng  equat ion  (3) by 2 n and ut i l i z i ng equat ion  (2) the  ang l e  cp i n  

eq uat ion  ( 1 ) can be  d eterm i ned : 

cp = S [2 n fo + 2 n L1 f cos (WI t ) ]  d t  = 

= Wo t + ro 17 s i n  (W I  t) + CPo WI (4) 

wh ere CPo is a constant ,  t ime  i nd ependent  ang le  ( phase ang l e) .  

* )  S e e  fo r i nstan ce A . H u n d : " F re q u e n cy M od u l at i o n " .  M c G raw-H i l i  B o o k  C o m p any, I n c .  

N ew Yo rk 1 942. 
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Fig. A. 1 .  Frequency modula tion spectra . 

An exp ress ion  fo r the  o m p l ete f req uency m od u l ated s i gna l  i s  t hus : 

1'67030 

a = Ao X cos (wo t + �l f s i n  (WI  t) + (jJo) (5) 

I t  can be shown that i f  (jJo i s  assu med to be  0 the exp ress ion  g iven by 

eq uat ion  (5 )  can be math emat i ca l l y  t ransfo rmed i nto the  fo l low ing  fo rm u l a :  

a = Ao [Jo ((1) cos (wo t) + 
+ J l ((1) cos (wo + WI ) t - J l (/3) cos (wo - WI)  t + 
+ J2 ((1) cos (wo + 2 WI)  t + J2 (/3) cos (wo - 2 WI )  t + 
+ J3 ((1) cos (wo + 3 WI)  t - J3 ((1) cos (wo - 3 WI)  t + 
+ - - - - - - - - - ] (6) 

where In ((1) is t he  Besse l fu n ct ion  of the  f i rst k i n d  wi th  a rg u ment  /3 and 

o rder n ,  n b e i n g  and i ntege r. (1 = �
l 
f i s  a k i nd  of mOd u l at i on  " i ndex" and 

depends ,  as can be see n ,  not o n ly upon the m ax i m u m  f req uency d ev i at i on  

f req uency "swi ng" ) , Ll f ,  bu t  a l so u po n  the  f req uency of the  m od u l at i ng s ig na l  
itse l f ,  fl . Th is  i s  due  to t h e  dependency of the  actua l  mod u l at i ng  "phase" 

ang l e  upon  the instantaneous f requency see equ at i o n  (2) . 
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The rat io  L1 f/f1 m ax .  i s  com m o n ly ca l l ed  deviation ra tio and is  i n  w i d e-band 

FM m ag net i c  reco rd i ng in the o rd e r  of 1 to 2 or g reate r .  

Eq u at ion  (6) descr i bes the f req uency mod u l ated s i g na l  in terms of sidebands 

with f requenc ies Wo ± W2 ; Wo ± 2 W I ; Wo ± 3 WI etc . N ow, h ow many s idebands 

m ust be  cor rect l y  h and l ed by the measu rem ent  system to be ab l e  to rep roduce 

the  o ri g i na l  mod u l at i n g  s igna l  w i th  neg l i g i b ly sma l l e r ro rs ?  
To be  ab l e  t o  answe r t h is  q uest i on  i t  i s  necessary t o  cons ide r  F i g .  A.1 . 
H e re m od u l at i on  spectra of a f req uency mod u l ated s i g na l  of the  k i nd d is­

cussed above a re shown fo r var ious  va l ues of t he  m od u l at ion  " i nd ex" .  It i s  

seen t h at as long  as L1 f/f 1 i s  g reat t hen  a g reat n u m ber of s idebands are 

necessary fo r a com p l ete desc r ipt i on .  However, most of t he  important s ide­
bands a re fo u nd wi th i n  t he  l i m its ± 2 L1 f t he  spac i ng between the  s id ebands 

be i ng  f l . 
On  t h e  othe r  hand i f  L1 f/f1 i s  s m a l l  o n ly one  (o r two) s idebands a re p resent 

and a gene ra l  bandwidth  req u i rement  fo r FM-system s  wou ld thus  be  4 L1 f o r  

8 f l  wh i ch  ever i s  t he  g reate r,  a req u i rement  wh ich  i s  p ract ica l ly  a lways fu l f i l l ed 
in FM m ag net i c  tape reco rd i ng .  

Appendix B.  

Maintenance.  

I n  o rd e r  to m a i nta i n the Reco rd e r  operat i ng at top eff i c i ency the  tape t rans­

po rt m ust be  kept st r ict ly  c l ean .  I t  i s  of outmost i m po rtance that the  ent i re 

tape path  be kept f ree f rom d ust part i c l es and tape res i d u es .  Spec ia l  attent io n 

shou ld  be made to the  two Ferr i te H eads .  The cove rs over t he  h eads togethe r  
w i t h  the  sh i e l d  between them can be rem oved . Th e su rface of the  h eads shou ld  
be  c l eaned w i th  a soft l i nt-f ree c loth d am ped w i th  a lcoh o l .  As  a l l rotat i ng 

parts u t i l ize o i l l ess bear i ngs o r  p rec i s i on  ba l l bear i ngs  t h e re i s  u nd er n o rma l  

c i rc u m stances no need fo r l u b r icat i o n .  

The  tens ion  of t he  be l t  f rom the  syn ch ro n o u s  m oto r s h o u l d  be  checked at 

about  6 months  i nterva ls .  A fo rce of app rox i m ate ly  300 g rams ( 1 0 .5  o u n ce) 

app l i ed to t h e  be l t  m i dway between the  d r ive wh ee l s  shou l d  d isp lace the  be l t  

6 mm (0,240 i nch ) . The be l t  d r ive i ns ide  the  ree l take-up  arm shou l d  a l so be  

i n spected . Th e pos i t i on  of the  tens i o n  ro l l e r  i s  c r i t i ca l  fo r the  cor rect pe r­

fo rmance of t h i s  be l t  and shou l d  not be  d istu rbed . 

The b rak i ng  ar rangem ent at the  c l utch near the  h i nge  of the  ree l  a rm shou ld  

be i nspected fo r suff i c i ent c l earance when  th e ree l a rm i s  c l osed . The 

c l earance shou ld  be at  l east 0 .5  m m  (0 ,020 i nch) . 
By open i ng  the  h i nged tape transpo rt base t he  ree l  m oto rs can be i nspected. 

When open i ng the t ranspo rt base a fu l l  90 0 t h e  stop l ever  at the top h i nge 

must be  l i fted and  t he  suppo rt leg  located a long  t h e  l eft s i de  of the  t ranspo rt 
s h o u l d  be  re leased and a l l owed to d ro p .  I n  o rd e r  fo r t he  so leno id  operated 

b rakes of t he  ree l m oto rs to f unct i on  co rrect ly ,  a m i n i m u m  c l ea rance of 1 m m  

(0.4 i nch )  shou ld  be  kept between the  fo rk  a t  t h e  e n d  o f  t h e  b rake l eve r and 

the  h exagon  nut  of the so leno id  p l u nge r. By loose n i n g  t he  two sc rews h o l d i ng 
the  b rake l ever ,  t he  l ever  can be repos i t io ned i n  o rde r  to obta i n th i s  c l earnace.  
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Track Location.  
Fig .  8.1  shows how the  tape is  l ocated on the  heads .  As the  fo rth channe l  on 

the  head i s  not used the  tape i s  taken sym m etr ica l  ac ross the  th ree upper  
channels .  Th is  i s  done  to  avo i d  edge effect o n  t he  tape.  

Centerl ine of Tape  

\ 
Channel  1 

I v V Vo ice Tra c k 
2 _  

,/ I �'\.'\.'\.'\.'\.'\.'\.� -- --- � -
> � 10. '\. '\. '\. '\. '\. '\: ... - C h a n n el 2 '//////- --

I I , 

j(' 7 11'J 

Fig. B . 1 .  Tape loca tion on heads .  

Adjustment to  the Reproduce Head. 

Th e h eads a re adj usted fro m  the  facto ry but  if d es i red it is poss i b l e  to t i l t  t he  

rep rod uce h ead to  adj ust t he  p h ase sh i ft between  the  two c h an ne ls .  By  reco rd­

i ng t he  same i nput  s i gna l  o n  both channe ls  the  p h ase sh ift between the  o utput 
s i gna ls  can b e  d i rect ly checked o n  a dou b l e  beam osc i l loscope co n nected to 

th e two o utputs.  Th en ,  by p u l l i ng the  cover away from the  rep roduce  h ead , the 

adj ustment can be  made s i m p ly by loosen i ng one and t ig th en i ng the  othe r  of  

the s lotted sc rews shown in  F ig .  B .2 .  When the two beams on the  scope co i n­

c i d e  wi th  each othe r  the  two qhanne ls  a re i n  p h ase.  

Note : As th i s  adj ustment i s  very c ri t i ca l  i t  shou l d  not  be  touched u n l ess i t  is  

strictly necessary .  

Replacement of  Lamps. 

The lamps beh i nd the push b utto ns can be rl3 p l aced in the fo l lowi ng  way : 

1 .  Push  the  butto n s l i g ht ly  and tu rn  i t  ant i c l o c kwise .  

2 .  Pu l l  ou t  th e butto n .  

3 .  W i t h  t he  l am p  remov i ng  too l Q A  0034, d e l ivered w i t h  the  Tape Reco rde r  

remove the  o l d  l am p  and i nsert th e new one .  

4.  Remoun t  the  push butto n by  p ress i ng  and tu rn i n g  i t  c l o c kwise .  

The " Ready" lam p o n  the  Contro l  box i s  ch anged by pu l l i ng out  the  g reen 

g l ass and  us i ng  the same too l (AQ 0034) . 
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Appendix C. 

DC Balance.  

Fig . B .2 .  Th e reproduce head. 

U nd e r  norma l  c i rc u m stances the DC ba lance  poten t iomete rs s i tuated beh i nd 

th e Contro l  Box shou l d  h ave suff i c i e nt adj ustment  range  to ca l i b rate t he  amp l i ­

f i e rs and the  ca l i b rat i on  i s  carr i ed ou t  as d escr i bed u n d e r  sect i o n  "Operation " .  

I f  i t  shou ld  h appen  t h at o n e  o r  both o f  t h e  a m p l i f i e rs can not be ba lanced the  

t ro u b l e  m ay be caused e ith e r  by a change  i n  the  DC ba lance ,  i n  o n e  of t he  

carr ie r  f req u e n c i es o r  i n  t he  refe rence  vo l tage .  The fo l lowi ng p roced u re shou l d  

t h e n  be carr ied ou t. 

1 .  Remove the  rear cover. 

2.  Loosen t he  fou r  sc rews h o l d i ng t he  a l u m i n i u m  bar  m arked wi th  t he  

d iffe rent  c i rcu i t  card number  (X  C) . 

3 .  L i ft th i s  bar  and d raw out  the  p r i nt card m arked XC 01 00. 

4. P l u g  in the extens ion  card (XC 0387) . 

5 .  P l u g  the  c i rcu i t  card XC 01 00 i nto the  extens ion  card .  

6 .  Wi th  a n  e l ectro n i c  cou nte r m easu re th e f req uency o f  t h e  refe rence vo l tage 

ac ross term i na l s  1 6  and 6 (6 i s  g ro u n d ed) . I t  shou l d  be  440 Hz  ± 2 Hz .  I f  
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not adj ust th e potent iometer shown i n  F i g .  C . 1  fo r 440 Hz  f req uency adj ust­

m ent .  

7 .  Across the same term i na ls  1 Vo l t  RMS shou l d  be  m easu red with an 

e l ectro n i c  vo l tmeter .  I f  not ,  ad j u st the  potent i ometer  shown in  F ig .  C . 1  fo r 
440 H z  vo l tage 8:d j ustment .  

8 .  Set CAL I B RATI O N  SELECTOR to pos it i o n  " 1 " and con nect an  e lect ro n i c  
cou nte r  ac ross term i na l s  1 a n d  6 ( 6  i s  g ro u n d ed) . The  f req uency shou l d  b e  

1 08 kHz ± 5 0  Hz .  I f  n o t  adj ust the  t r i m m e r  (see F i g .  C . 1 ) fo r 1 08 kHz .  

1 08 K H z  6 4. 8  K H z  

S i de  of C om p on ent s 

F r equ ency' odj u stm ert 

X C  0 1 0 0  

L.l. 0  H z  

Yo ltog e 
odj u s tm ent 
4 4 0  H z  

Fig. C .1 . Circuit card XC 0 1 00.  

9 .  Set CAL I B RATI O N  S ELECTOR to pos i t ion  "2" .  The f req u e n cy measu red 
ac ross t he  sam e  term i na l s  shou l d  now be 64.8 kHz  ± 30 Hz .  If not adj ust 
t r i m m e r  m a rked "64.8 kHz"  ( F i g .  C . 1 ) .  

I f  at th i s  po i nt th e am p l if i e rs st i l l  can not b e  ba l anced f ro m  the  front poten­

t iometers then  cont i n u e  the p roced u re as fo l l ows : The two c i rc u it cards 

m arked XC 0099 , one fo r each chan ne l , F i g .  C.2 co nta i n the potent iomete rs 
fo r coarse ba lance of t h e  DC-am p l i f i e rs as shown.  

1 0. D i sco n nect the  cont ro l  box and l oosen the  two A l l e n  sc rews located 

beh i nd it  ( F i g .  5 . 1 ) .  P u l l ou t  t he  com p l ete e l ectro n i c  sect io n .  

1 1 .  Remove th e two sc rews located at t h e  l eft h and s i d e  o f  a n d  i m med I ately 

beh i nd the m eter  pane l  and sw i ng the m eter panel  away f ro m  the elec­

t ro n i c  sect i on .  The fo l lowi ng  p roced u re i s  f i rst car r ied out fo r o n e  channe l  

and the n  fo r the othe r. 

1 2 . Take ou t  c i rc u it card XC 0099 and i nsert extens ion  card XC 0387. The 
XC 0099 is  p l ugged i nto XC 03B7. 

1 3 . Set CAL I B RATI O N  SELECTO R to pos i t ion  " 1 " .  The co rrespond i ng DC­
ba lance o n  the  f ront  shou ld  be l eft i n  t he  m id d l e  pos i t ion .  
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1 4 . Con nect an  AVO-meter ac ross O UTPUT and adj ust potent iometer I I I ,  
( F i g .  C .2) to zero d ef l ect io n  o n  the  m eter .  

1 5. Th e b u i l t- i n  m ete r on the  Tape Reco rder  shou l d  now i nd icate : - 00 .  Other­

w ise adj ust the  potent iomete r located c l ose to the  re l ays mou nted o n  the 

p r i nt card j ust above the b u i l t- i n  m eters (see F ig .  C .3) . 

1 6. Set CAL I B RAT I O N  SELECTOR to pos i t i o n  "2" ,  I N PUT ATTEN UATOR to 

"0" d B  and short c i rcu i t  the i n put .  

1 7. Con nect an AVO-meter ac ross the term i na ls  6 and 1 3  on the c i rcu i t  c ard 
XC 0099. 

1 8 . Set RECO RD switch to pos. " DC" and ad j u st potent i omete r I ( F i g .  C .2) fo r 

zero Vo l ts o n  the  AVO-meter. 

J:=====l 
d'---_----' L�vel adjustment 

S i d e  of  Components 

XC 0099 

Fig. C.2. Circuit card XC 0099 . 

Record : 
D C - b a l a n c s-l o 

o DC - balance II 

o Overload 
Ind icator l evel 

o DC - bala n c e  m:: 

1 9. Set RECORD switch to pos i t ion  "AC" .  Adj ust potent iometer I I  fo r zero 
Vo lt .  

20 .  Repeat i tems 1 8  and 1 9  as the two adj u stments h ave a certai n i nf luence 
o n  each othe r. 

21 . Set RECORD switch to "AC" ,  ATTEN UATOR to "0" d B  and CAL I B RATI O N  

SELECTOR t o  pos i t ion  "0" . A 1 000 H z ,  1 Vo l t  RM S s i n uso ida l  vo l tage 

connected to the  i nput  sho u l d  now p roduce  a d ef lect i on  o n  the  bu i l t- i n  
m eter  o f  "0" d B .  

I f  not adj ust t h e  potent iom eter marked " G a i n "  (see F i g .  C .3) . 

22. Con nect  the AVO-meter across the O UTP UT. 

23. Set CAL I B RAT I O N  SELECTOR to posit i o n  "2" and adj ust the potent iometer 
located o n  the top of c i rcu i t  card XC 0099 c lose to the  card connect ions 

u nt i l  the AVO-meter shows - 1 .4 Vo lt  DC.  

24. With CALI B RAT I O N  S ELECTO R in  pos i t ion  "3"  adj ust to 0 Vo l t  on  the 

OUTPUT us ing the potent iometer above the CAL I B RATI O N  SELECTOR.  

25 .  Set CAL I B RAT I O N  S ELECTOR to  pos i t ion  "4"  and adj ust the ga in  u nt i l  

the  b u i l t- i n  m eter i n d icates "0" d B  ( red mark) .  
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26. Check th at t he  ca l i b rat i on is  correct and i f  necessary reca l i b rate as 

d escr ibed u nd e r  sect i o n  "Operat i o n " .  Th i s  m eans u s i n g  the potent iomete rs 
l ocated beh i n d  the cont ro l  box o n ly.  

Note.  D u r i ng i tems 24 tnd 25 i t  m igh t  be necessary to reasse m b l e  the e lectro n i c  

sect i on  t o  avo i d  paras i tt i c  osc i l l at i o ns .  

G a i n  a dju stment  Ze ro a djustment (-00 ) 

B a c k  o f Me t e r  Rela is 

Fig. C.3. Rear view of  indicating meter. 
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9 .  Specifications 

(Obta i ned us i ng  3M Scotch 991 tape o n  1 0 .511 p rec is ion  ree l s) 

ELECTRICAL 

FM Channels :  

Tape Speeds 

F req uency Ranges 

( ± 0 .5 d B) 

SIN Rat io  

Car r ie r  F req uency 

R ise T i m es 

Linearity :  

Input Level : 

Record Switch : 

Input Attenuator :  

I nput Impedance : 

Output Level : 

Output Impedance : 

Load Impedance : 

Distortion : 

Cross Talk :  

38. 1  1 52 .4  381 1 524 m mlsec 
1 .5 6 1 5  60 i ps .  

0-0 .5 0-2 0-5 0-20 kHz 

> 44 > 48 > 48 > 48 d B  

, 

2 .7  1 0.8 27 1 08 kHz  

< 1 200 < 300 < 1 20 < 30 flsec 

Bette r than 1 % of fu l l  sca l e  d ev iat ion  from best 

st ra igh t  l i ne th rou g h  zero cente r. 

± 1 .4 Vo l ts peak with atten u ato r i n  most sens i t ive 

pos i t ion .  

A l l ows cho ice  of  AC or  DC i n p ut .  The Lower L im i t i ng 

freq uency of the AC i nput  is  4 H z  (- 3 d B) .  

0-28 d B  i n  2 d B  steps.  

20 kQ para l l e l  to 1 00 p F. 

± 1 .4 Vo l ts peak with no load .  H armo n i c  d isto rt ion  

< 1 %) . M ax .  o utput  1 0  V .  

Less than 1 50 Q . 

M i n .  200 Q . 

Less than 1 .5 % with 1 Vo l t  R M S  output .  

50 d B .  

. Polarity o f  FM Recording : A posit ive i n p u t  s igna l  p roduces i nc reas ing  fre­

q uency.  

Bui lt-in Ref. Generator :  1 Vol t  ± 1 % ,  440 H z  ± 1 % s inewave. (Ha rm o n i c  

d isto rt ion  < 1 %) . 
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Meters : 

Heads : 

Both data channe ls  a re eq u i pped with peak read i ng ,  
i l l u m i n ated mete rs . 

Spec ia l  l ong  l i fe fe rr i te h eads .  (Guaranteed l i fe-t i m e  

> 1 0 ,000 hou rs) . Track w id th : 0 . 5  m m .  Track spac i ng : 
1 .524 m m .  M ax i m u m  G ap scatte r :  0 .001  m m .  Gap .  

az i m uth : ± 1 m i nute of arc .  Reco rd i n g  gap w idth : 
0 .003 m m .  Rep rod uce gap width : 0.001 5 m m .  

Equivalent Wave Lengths :  Carrie r  Frequency 

R ise T ime 

14  .um-0.56 m i l s 

50 .um-2 .0 m i ls 

75 .u m-3 .0 m i ls 

Voice Channel : 

M ECHANICAL 

Tape width : 

Reel Size : 

/ Closed Loop : 

Tape Speed Accuracy: 

Wow and flutter :  

Start Time : 

Stop Time:  

T ime Required for 

Speed Change : 

Rewind Time (and "Fast 

Forward" spooling) : " 
Braking : 

Automatic Stop : 

Tape Tension :  

Tape Counter : 

U p p e r  f req uency l i m it 

Fo r mark ing  and ident i f i cat ion  of the  tape .  The 

f req uency response ' is  f l at to w i th i n  ± 3 dB f rom 

300 H z  to  3 kHz,  and the channe l  is  eq u i pped w i th  

AVC (Automat i c  Vo l u m e  Contro l ) . Con nect ion  fo r 

spec ia l  dynam i c  type m i c rophone ,  and b u i l t- I n  m ark­

i n g  a rrangement .  

6 .35 mm (0 .25 i nch) . 

267 m m  ( 1 0.5 i nches) wi th  l a rge  d iam eter  h u b  (or  

1 78 mm (7 i nc h es) with C i n e  type h u b} .  

P rov is ions  fo r chang i ng ree l s  with c l osed loop ar­

rangement with loop l engths from 2 .4  to 7.5 m eter 

(8 to 25 feet) . 

± 0 .25 % ± accu racy of power l i ne  f req uency .  

See cu rves F igs  2 .4  and  2 .5 .  

Less than  3 seco nds .  

Less than 1 seco n d .  , 

9 seconds .  D r ive cont ro ! s  b l ocked d u r i ng speed 

ch ang i n g .  

Approx imate ly 95 seco nds fo r 730 m (2400 feet) tape.  

Dynam ica l ly d u r i ng mot ion .  Mechan ica l l y  d u r i ng  

sto p p i n g  and wh en stopped .  

Actu ated by photoe l ect r i c  senso r wh ich  ensu res sto p 

of t h e  tape t ranspo rt at t he  end  of th e tape o r  i n  
cases o f  tape b reakage .  

1 00 ± 1 0
-
g ram (0.22 ± 0 .02 I bs) fo rce d u r i ng reco rd 

and p l ayback .  Auto m at ica l ly  contro l l ed  f rom se rvo 
am p l i f i e rs. 
4 d i g i t reset cou nter  cou nts l ength i n  feet. Accu racy 
better  than  0 . 1 % .  

— 69 —



Tape Transport : 

Remote Control : 

Capstan Motor :  

Reel Motors : 

Dimensions : 

Weight : 

Power Supply : 

Battery Operation : 

Cabinet :  

Back- l i t  push butto ns fo r :  Reco rd , Stop ,  P l ayback ,  

Fast Fo rward and Rewi n d .  Rotary swi tch fo r tape 

speed se lect io n .  Push buttons  e lect r ica l ly i nter l ocked 

fo r safe operat i o n . Act ivat i on  of capstan p i nch  ro l l e rs 
d e l ayed d u r i ng start u nt i l  tape h as co rrect speed . 

Contro l  box removeab le .  Ext ra lengths  of cab l e  can 

be i nse rted . 

Two speed synch ronous  hyste res i s  moto r .  

AC to rq u e  m oto rs .  

480 X 380 X 270 m m .  

1 9  X 1 5  X 1 1  i nc h es .  

39 kg (85 I b s) a p p rox.  

1 00 - 1 1 5 - 1 27 - 1 50 - 220 or 240 Vo l ts AC.  1 00-

1 80 W.  F req uency 50 o r  60 Hz  sho u l d  be spec i f i ed . 

B u i l t i n  switch a l lows the  Capstan m oto r to be  d r iven 

f ro m  an  exte rna l  p rec i s i on  generato r. The req u i re­

m ents of the  exte rna l  generato r w i l l  be : 1 1 5  Vo l ts 

60 VA , 50 o r  60 Hz .  

The  Tape Reco rd e r  7001 m ay be d r iven f rom bat­

ter ies  (accu m u l ato rs) when  a su itab l e  DC to AC 

co nverte r i s  used . Such  a co nve rter  wou l d  be fo r 

i nstance the  KL Inverter SF- 1 wh i c h  is  d r iven from 

24 Vo lts ,  DC: ) 

Stee l  cab i net Type 7001 A .  

Mahogany cab i net wi th  hand l es : Type 7001 B . 
Stee l  cab i net fo r m o u nt i ng i n  1 9" rac k :  Type 7001 C .  

* )  O bta i n a b l e  from : K n u d  L i n d b e rg A/S , 200 I s l evd a l vej , Roedovre ,  C o p e n h ag e n , D e n m a r k .  
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