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A New High-Performance 1.5 MHz Tape Recorder

A new i nstru mentation-q u al ity
tape recorder has been de-
s igned  a round  a  cu r ren t -
rather than vol tage-sensing
input  ampl i f  ie r .  Decreased
noise and wider bandwidth
are direct benetits of this ap-
proach.

l \ s l l { t  
\ l h \  |  \ l l ( ) N  l . \ l ' t .  R } . ( j o R l ) L R s  I e -

I  r l u i l e  l r i g l r l l - s t - ' p l r i s t i c r l e t l  n r e c h -
: r n i s u t s ; r I t t l  e l e r  t t ' o r r i c s  t o  r t t a . i r r t : t i r r  l r l e -
c ise  tape speet l ,  an t l  to  record  anc l
reprorluce signals r,r ' i thout excessive dis-
lort ion anrl noise over r.r ' i r le bancl-
widths. comPlcx tape transl)ort mech-
:rnisrrs :rre costl l ' .  Sisnal circuitry cle-
s ignec l  to  ln in imizc  c l i s to r t ion  anc l
r r o i s c  i r r  o ' i t i t e l  i n s t l  u n l c n t : r t i o n  a p -
pl icat ions often bccornes c:omplicat.ecl
anrl  general ly inclrrt les a large number
ol coml;onents.

,\  r :rxrpletely r l i f lc lent approach to a
magnetic t tr l)e sjvstclr has becn usecl in
n ler,v 1.5 NIHz tape recolcl ing systern,
Fie. l .  The reprotlucc hcatl  leecls a lo'u.
ir t t  petlanr.e preampli f i  er- l l 'h ich senses
c u r r e n t  r a t h e r  t h a n  r , o l t a g c  

' I - h i s

schcrne irnlrroves the noise perfornr-
ance o[ the svsLcnr, permiLs gre ater f lcx-
ibi l i t ,v of t lesig.n and recluces r lrc delete-
r ior,rs el lects o[ l ieacl r4'car. ] \ l l ) l ) l i f iers
r l e s i q r r e r l  f o l  t l r i s  s \ \ l ( . l n  r r s e  I r r l e e
amounts  o [  leec lback ,  rcs t r l t ine  in  io rv
cl istort ion rvith less thal l ial f  the nunr-
bc t '  t - r l  t r : r  r t s i r l  t l r  s  t rs t ' r  I  i  r t  1 r r t . r  i ,  r r rs  s r  s -
l e i l t s .  . \  s i n r P l i f i t , , l  l r r e t  i s i o r r  l l t l ) ( .  l l : r t l \ -

F ig .  1 .  Lou - i r npedance  p reamp l i f i e r s
used in the neu -hp- 3950 Series Tape
Recorders sense current  oulput  ot '  the
reproduce heads instead ot' uoltoge. The
result is a signal-to-noise ratio ot' greater
thnn 30 dB front 400 Hz to 1.5 MHz, and
a greater  design f lex ib i l i ty  permit t ing
iower system cost ,  whi l .e nta into in ing
hi.gh. perfrtrmonce- The system is auail-
ahle uith up to fourteen. record an.d re

produce chttnnels as shoutn.

por t  e l im ina tes  the  neec l  fo r  servo
speed controls ,\ll of these features
combine to provicle hieh performance
at relat ively low cost.

Bec:ruse the cost of this 1.5 MHz sys-
tem is comparable to the cost of 100
kHz systems, use of the machine can be

eenera l ;  tha t  i s ,  fo r  w ic le -band 1 .5
I,IHz, mediun'r bandwidth 300 kHz, or
narrow-band I 00 kHz instrumentation
applications. \Vhi le the cost of this
class of recordcr has been recluced by
about 60fi , ,  i ts yrcrformance ancl ease
of usc have improvecl.

Thc machine is avai lable in the two
rnosI common con{igur:rt ions used for
lunalog recorcl ing. One is Direct, which
in principle is thc same as ordinary
horne recorcling, :rncl the otlter is FlI.
In the l) irect NIocle, the rnachine has a
ranqe of banclwidths from 1.5 NIHz for
l5 minutes playing t ime to 23.5 kHz for
l6 hours, antl  :r t  any octave in betlveen
usine starrclanl l '1- inch reels.

In the FN'I l , Ior lc, the banrlu' i<lth lor
:r gir.en playing t irnc is about 211fl ,  of
that oI the colrcsponcl ins Dircct rna-

ch ine ,  bu t  I iN [  recor i l ine  e l im ina tes

tape-r:ausetl  drol-routs ancl also has the
r:aP:rbi l i ty of Passr'ne rk:.  Fig. 2 sholvs
the r,arious banchlicl ths and lecording

tirles of thc ner'r, recorcler'. Signal-to-
no ise  la t io  a t  a  b : rn t l rv i r l th  o f  1 .5  NIHz

is greater than 30 r lB at low (t i i )  dis
tort ion lcYcls.

RECORD CIRCUITRY

The 1.5 NlHz bandwidth is achieved
in the Direct leiort l  motle. An input
s i g n : r l  i s  l ' e t l  t l r r o u g l r : r n  i t t l r r r t  : r t t c n u l -
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tor to the l 'ecof( l  al ] l l ) l i f ier,  Fie. 3. 
' I 'he

out l )u t  o f  the  re ror r l  amPl i f ie r  goes  to  a

f lrrx equalizing l i l ter rvir ich boosts t l ' re

hieh-{ l 'eclucncy errrI  of the bart<1, cortt-

l )ensa t ing  fo r  l te : r t [ - r  a t rsec l  h igh- l rc -
( luen(y losscs. Output f t-om the f lux-

eqr.ralizine filtel is mixecl linearly rvitl-r

t l re bias. TIren the conrbinetl  si--nal is

ferl to the lecorcl heatl.
l l i : rs is gener:rtccl br '  :r  l rrrslr-prr l l  os-

ci l lator- [ol]rxvct l  bv u b:r laurerl  attr-

pl i l ier ' ,  provit l iug a 7 trIHz bi ls sisnal

to each cl irect-r 'ecorcl arnpl i f ier. An

A( iC loop l ro l r l s  the  b ias  l c re l  to  rv i th -

in )/ ,  t lB legut-dless oI loetl .

I t  is inpoltant that the bias clrr l-el l t

be substanLiir l l ,v h'ee of even hat ' tnonics.

T'hey should bc r'vell belou, 0 I ]o of thc

ftrndamental,  since the bias ampli tucl 'b

is close to thc satul-at ion level o[ thc

tape. Consequell t ly, even haruronic cl is-

tort iotr in the bias c:ruses clc lragnetira-

t i o n  o n  t l r e  t r l l e  w h i r  l r  i n  l l l l ' n  c i l u s e s

evcn harmon ic  c l i s to r t ion  o f  the  re -

COl/ER

Record heads of  a complete 1.5
MHz  magne t i c  head  assemb ly  a re
shown mounted in a f ix ture prep-
aralory to aligning gap-to-gap spac-
i ng  acco rd ing  to  lR lG  s tanda rds .  I n
th is  process,  a mask is  p laced over
the heads and the gaps are v iewed
th rough  a  na r row  s l i t  w i t h  t he  a id
of  a microscope.  Af ter  gap spacing
is  adjusted,  the heads are f ixed to
the baseplate.

FREQUENCY
(120 rPS)

(A)

Fig.2 Frequenc)t response in the F'M ntode and Direct mode

et a tapc speetL ol 120 ips (a) and 3sl ips (b). In the FM
ntorle, bantlu'idth is cxchanged t'or dc response and freedom

from dropouts.

corclecl ( informzrt ion) signal. The push-

pul l  bias ampli f ier ret luc.es even har-

monic cl istort ion to well  below 0. lo/o.

In arkl i t ion, the bias is led throueh a

bancl l ;ass f i l ter bcfore mixine with the

signal to be recorrlet l .
. \ l l  o l  r l r c  l e < o r t l  e l e r ' t t o r r i < s  r o r t t p t - r -

nents irre cont:r inerl  in a sinele motlule

;rtressible f lortr the front Cables to thc

hcac ls : r re  te r - rn ina ted  in  the i r  rharac-

tc r i s t i c  i rnpedance.  Thus  i t  i s  no t

necessaly to nlount the bias clr iver acl-
jacent  to  the  heat ls ,  s ince  the  cab le  ca-

par: i tance r loes not load the bias source.
The meter zrtrpl i l ier has one stase oI

aml r l i f i ca t ion .  A  two-pos i t ion  s rv i rch

l ie rmi ts  mon i to r ing  s ip ;na l  leve l  o r

checking bi:rs.
Direct Record moclules and FNI Re-

125k1z 47 kHZ

FREQUENCY
(33/4 IPS)

(B)

corcl moclules rnay be used in difierent
channels at the same time in the sys-
tem.

REPRODUCE CIRCUITRY
A reprocluce current preamplilier for

each channel is locatecl on the trans-

port chassis behind the heacls. These

preampl i f ie rs  p rov ic le  a  s tab le ,  low-
noise, lon'clistortion signal to the re-
prorluce ampli f iers. The reprocluce
ampli f ier moclule, Fig. 4, contains an

rumpl i tude eqr . ra l i zer  fo l lowed by  a
voltaee ampli( ier, then a gain control
fol lorverl  by an ampli tude and phase
eclual izer and f inal ly a power ampli f ier.

Current gain o[ the system is about
150,000 a t  shor t  wave lengths  (wave-
lerrgth equals tape speed divicled by re-
cordecl frequency) of about 80 microin-

I 
laoe

V

7 lvlHz Bias''T,]1;:l:"?-';l!'"'

Fig. 3. Record circuitry includes a flux equalizing fiIter to
compensate for high-frequency losses in the record head
One bias oscillator is used t'or each set of seuen channek in

the system.
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Reproduce Amplif ier
Reproduce

Preamplif ier

Gain
Control

Fig.4. Reproduce amplifiers use a large arlount of feedbach
around all the transistors to prouide low distortion utith a

- minimum number of components.

l V r m s
into
75fJ

wave lengths .  Because the  ampl i tude
equa l izer  causes  phase er ro r ,  phase
equalization is provicle<l. An example
of the losses in the record/reproduce
system and the equalization required is
shown in  F ig .5 .

CURRENT PREAMPLIFIER
One of the important features of the

direct reprocluce system is the curr€rit
preamplifiei.l Because the preamplifier
senses short-circuit current of the repro-

duce head rather than open circuit
voltage (as in most other systems), rea-
sonable lengths of head-to-preamplifier
cable can be used without unpredic-
table variations occurring in the pass-
band. Such variations are caused by
resonance between the inductive head
and the connecting cable-capacitance.
The low impedance of this preampli-
fier shorts out that capacitance with
respect to the signal current and avoids
the unwanterl unpreclictable peaking
in the passbancl.

Preampli f ier sisnal-to-noise rat io is
maximum only over a specific source

impedance range, because a transistor
amplifier exhibits minimum noise only

when its source is a particular value.z

Where an RL source is seen by the pre-
ampli f ier, this low noise f igure is

achievecl over a relatively narrow fre-

quency range. In this system, the cable

I  A  de ta i led  d iscuss i0n  o f  the  cur ren t  p reampl i fe r  w i l l  be
found in  the  ar t i c le  0n  page 8  in  th is  i ssue.
,J .  M.  Pet t i t  and  lv l .  N4.  lVcWhor te r .  E lec t ron ic  AmDl i f ie r
C i rcu i ts ,  McGraw-Hi l l  Inc ,  N Y. ,  1961,  p .  276

Fig. 5. Zosses in the recordfreproduce
process must be made up by equaliza.

tion in the reproduce systetn.

FiS. 6. Typical reproduce system re-
sponse illustrates how d,istortion har-
monics are accentuated relatiue to their

f undamental.

Outpul

ches at 1.5 MHz. The total noise from
the tape, heacl ancl the electronics (re-
ferred to 1.5 MHz) is about 4 nanoam-
peres at the input of the preamplifier.

Equalization is required to compen-
sate for about a 26 dB roll-off at high
frequencies. This roll-off results from
lessened heacl-tape efficiency at short

MAGNETIC TAPE RECORDING
AND REPRODUCING

The most common method of recording
is cal led 'Direct i  Very wide bandwidths can
be achieved in the Direct mode. In the
-hp- Model 3950 system, a bandwidth of
1 .5  MHz makes poss ib le  w ideband app l i -
cations including transient studies, shock
wave studies, and predetection recording.
High-frequency pulses can be recorded at
the  h igh  recorder  speeds,  then p layed
back at a slower speed for recording of a
permanent visual record on an osci l lo-
gra pn.

The recording head is an electromagnet
with a minute gap in the core at the point
of contact with the magnetic tape. Mag.
netic tape has a coating of magnetic mate-
r ial which is ini t ial ly demagnetized. The
tape, as i t  passes over the gap, acts as a
magnetic shunt. The signal to be recorded
is f irst mixed with a high.frequency bias
current before being applied to the record
head w ind ing .  Th is  p laces  the  s igna l  on  a
l inear port ion of the magnetic tape coat-
ing B-H curve. As the tape leaves the trai l-
ing edge of the gap during recording, the
tape coating is left  permanently mag-
netized in a manner depending upon the
frequency and intensityof the input signal.

The reproduce or playback head is sim.
i lar to the record head exceot for a smaller
gap width. When magnetized part icles are

Cross-sectlon of the recotd process. The
f r inE ing  t lux  penet ra tes  the  coat inE
and, as the tape moves across the gap,
/eayes a serles ol magnetized segmenls

reptesenting the recorded signal.

shunted across i ts gap, a magnetic f lux is
es tab l i shed in  the  core .  As  the  taDe
moves, the f lux induces a current in the
reproduce head winding proport ional to
the intensity of magnetization of the tape
part icles. The playback current, equalized
for losses in the various components of
the system, re-creates the original signal.

Record head oole oieces



betrveen the l ieacl ancl the prcampli f ier
aclcls capacit:rnce to thc l te:rcl  resistance

:rncl incluct i tnce, ancl t l tus shapes t l ' re

t 'esol l l l l lcc cufve so that thc ple;rrnPli
I ier sees thc optimtul source i tnped:tncc

over a rviclcl  frequency rarrge. This res-

onance has no effect on the signal re-

s l ) o n s c .  l t  o n l y  c a u s e s  t h e  n o i s e  r e -

sl)onsc o[ thc st 'stern to dip over this

r t i r l c r  r : r r r g e  T I r r r s ,  c r b l e  < : r 1 r : r c i t : r n c e  i s

tur-ncrl  to adl,antage.

LOW DISTORTION AMPLIFIERS
'l  

he t l ,pical leproclucc equalization

r : t r rvc ,  F ig .  6 ,  shorvs  tha t  i f  a  s igna l  i s
( l i s to l ' t c ( l  Pr io r -  to  Puss ine  t l r t ' ough the

e<1u: r l i zu t ion .  thcn  the  d is to r t ion  com-

Po l te l l t s  u le  acccr l lu2r tcd  bY t l le  e r lua l -

i z r r t io r r .  In  I i i s .  6 .  l  750  k I Iz  s igna l  i s

: r rnp l i f i cd  on l \  a l rou t  one- th i l ' d  as  mt tc l t

: rs  : r  1 .5  I I I I z  s igna l .  l ' hc re [o le ,  t l ' re

I t r r t l r r r r rcn t : r1  o I  r r  750-kHz s igna l  r r i th

sccor r r l  h : r rn ron ic  d is to r t ion  ( tha t  i s

r r , i t l r  : rn  L rn t les i te<1 1 .5  \ IHz  co tnpo-

ncnt) \r i l l  bc lrnl-r l i f iecl bv unit l ' ,  br-rt

thc set:ontl  hatmotrir  l ' i l l  be anrpl i{ iecl

bv  a  f lLc to r  o [  3 .  T l r r - rs  I  ( ' i ,  t l i s to r t io r t  l t

t l re [r 'ont encl of thc reprocltrce artrpl i-

I i c r  bccoures  3 t l i ,  d is to l t io l ]  x t  the  on t -

l ) u t
In  th is  l r l )e  svs tc l t t  l r t  t l t c  s t tLn t la r t l

r-ec:olr l  :rnt l  rcpt orluce lcr cls, tel l 'ocltrce

aurP l i f ie l  r l i s to t ' t ion ,  inc lud ins  t l te  e r -

ccss  nr : rqn i f i t  l t i on  ( lue  to  the  e( lu r t l i re f ,

i s  t rp ic l l l r  bc lo l '  0 . lo i , .  T l r i s  lon '  c l i s -

to l ' t ion  is  ach ie red  th lo r . rgh  thc  usc  o [

th rcc-  a r - r r l  Io r t t - - t r - : t t ' t s is to r  a r r rp l i f ie rs

rv i th  [cc t lbu< k  l r lour r r l  t l te  sevet 'a l  t t ' a t r -

s is to rs  - - \  bonus  o [  t l r i s  dcs ien  is  t l ta t

onlv f i l tcett t t-atrsistot 's at e re t l tr i let l  pcr

ch lnnc l  inc lu r l ing  n tc to  i r tg - .  ins te : r t l  o I

t l rc  usu : r l  30  to  60  t l l t t rs is to rs  
' I ' e  

t r  o f

thcse  t rans is to rs  a rc  i t r  t l r c  l cy r ro t l t t cc

e lec t r  o r r i cs .

TAPE TRANSPORT

T'he  pa luurount  ob icc t i rc  o l  : t t ' t v

t t l t i l \ l ) o l I  i s  l o  t i l r r r t ' l l t e  t r t l r t ' : r l  : t  t t l t i -

lorr r r  s l reccl ,  both ot t  i ln  I tvel  lg-e anr l  ot t

: r n  i r r s t l l r t : r r r e ( )us  l ) i l r i i s  l ) l s t  t he  hea ( l s .

O t h c l l . i s e r ,  t i u r c  r l i s p l : r r c u r c n t  c r r o r ' ,

l o i se ,  l evc l  s l r  i f  t s  l r n r l  gc t t c l l t l l r  e  l r  r r  t  i t

l e ro r< l i ng -  un t l  l cp l o r l t r <  t i on  r r  i l l  r ' c su l t

Rugge t l t r ess  r t r r d  h i gh  l r c r l o t r t r : t ncc
l nvc  bceu  r r t  h i evc< l  bv  s i r np l i [ r  i ng^  t l r c

t a l ) c  t l 1 rns l ) o r t ,  I r i g  7 .  H ieh l r - t l u rn l r e t l

s vn rh ronous  rno to f s  t l l i r  c  t l r c  ( : l l ) s I i t l t ,

c l iminat ing t l ic  I rect l  l 'o t  t  or t tp lcr  sert  vo

svs te rns  , \  t o t l t l  o f  L l r r cc  t nc<  han i c  r t l l r  -

Fig 7. A sintpLe open loop tape, drit,e perntits eosy threod.i.ng of the tape

F lu  id -Coup led
Dual Flywheel

Ca pstan
(F lu id  coup led
dua l  f l ywhee l )

I
t1

/ -.''4

r  o t r l ; l c t l  s r  n r : l t i  ono t t s  I r l o t ( ) l  s  l r l c  i r r  Lhc

t r : u l s l ) ( ) l t ,  c r r r h  t i r p l t b l c  o l  t r t o  s l r ce t l s .
- I - l r r r s ,  

s i r  spcc t l s  l t t  c  l t v l i l ab l e .  No t

nu r l l \ ' .  s t an ( l i l r d  ( i 0  l l z  po rvc l  i s  su l l i -

r  i cn t l r  a ( . (  u r  i l L c  f o t '  o t - d i t r a t  r  o l ) c t  l t i o l r
(  ) t l r c r  r t i s t ,  : r  t i l )  H z  I l ( ' r  i \ i , ) l t  l ) r , \ f ( ' l
s r r pp l r  s l i o t r l c l  l - i c  r r sc r l

. \  no r t ' l  s \ s t cn r  o I  r ne th : t t t i t r t l  l t t - l k

i n q  i :  i l \ c ( l  r r l t i ,  I t  t r | l r i t t t : r i l l s  r  o n s l i r l t l

b r : r k i ng  t cus i on  on  t he  t - ec l s  r - ega i t l l c ss

Compl ian t
Arm

120 Hz Capstan
lvlotor Co8ging

Take up Reel
l\.4 ass

Take-up Reel
Noise Voltage

o[  l ' euL  o [  thc  b l l rk ing  mate t i : t l s  o r  the

roc f i i c ien t  o [  [ r ' i c t ion .  ] [o to r  to lque is

t ( } r t t r O l l c t I  t O  i t r ' t t t ( '  (  ' ] i l \ l l l l l l  l ( ' l l s i ( ) l l

i rr  lLl l  nrot les cl l  ope t ' r t t icrt ,  iusutiug an

c \cn  t r r i )c  p : rck  o t r  l - ro th  t l re  s t rpph '  an i l

t lLkc-up  ree ls ,  un( l  co l l s t l ln t  p ress t l re

l tg l ins t  the  l te lL t l .

l Jecr ruse  por , , 'e i  d iss i l ) i l l i on  i1 r  thc

Llunsi)or ' [  ]ras bceu reclurecl br cl imi-

nlt t ing thc necrl  [ot 'corn1-rlex scl ' \ 'o sYs-

q
Supp ly

Reel

Flutter
Ro l le r

Take-up
Reelc(A)

Head Scrape Flutter
N o i s e  V o l t a g e s

l\4idpornt
DEIWEEN

n e a o s

Fig 8 Pr inte noise sourtes and f i l ter  c l .entents o l  the

tape clritte (a) are shou:n i.n its electrical analog (b).

Tape Compl iance

F lu id  Coup led
Dual Flywheel

Tape Compl iance

F lu t te r  Ro l le r



SQUARE WAVE RESPONSE OF THE -hp- MODEL 39SO
MAGNETIC TAPE RECORDING SYSTEM

Phase performance of a l inear system may be
checked by applying a low-repeti t ion rate square
wave to the input and analyzing the output wave-
form. A square pulse passed through a perfect
low-pass f i l ter (f lat response, abrupt cutoff and
perfectly l inear phase) wil l  emerge with perfect
left-r ight symmetry, but with leading and trai l ing
edge 'ears l l
I  lV ischa Schwar tz ,  In fo rmat i0n  Transmiss ion ,  l \4odu la t ion ,  and N0 ise ,
Mccraw-Hi l l ,  1959,  pp .  41-48 .

Performance of the new tape recorder is shown
in the accompanying osci l lograms. A 100 kHz
square wave was applied at the 120 ips speed (1.5
MHz bandwid th) .  The ou tpu t  waveform,  le f t ,
shows good phase l inearity as compared to the
waveform, r ight, reproduced without phase equal-
izat ion.

o

tems, a blower neecl not be used. Air is
not drawn through the machine, thus
avoiding the possibi l i ty of airborne
abrasives damaging internal cornpo-
nents.

TAPE PATH
Low-frequency perturbations of large

ampli tude are general ly introduced by
the supply and take-up reels, because
of unavoiclable eccentr ici t ies in the
packing of tape on a reel. Smaller high-
frequency perturbations are caused by
al l  elements of the tape path, includ-
ing the heads, as the tape scral)es over
them, Fig. 8 (a). These taps ps16lr1f2-
t ions are cal led f lutter. An electr ical
analog of the tape path may be cleriverl
by forming the analogy that the tape
velocity is analogous to voltaee; that
tape tension is analogous to current;
that f luid viscosity is analosous to re-
sistance; that mass is analogous to ca-
pacitance; anrl  that sprine constant is
analogous to in(luctance.

Th is  e lec t r i ca l  ana log ,  F ig .  8 (b) ,
shows that the problem of removing
flutter is similar ro rhar of f i l ter ing r ip-
ple from a power supply. l ivo power
supplies (reels) are in paral lel,  anrl  the
ripple is filterecl at rhe center notle be-
tween them wl]ich corresponrls to the
center point between the heacls. Vrri-

ous circuit elements provide low-pass
filtering to permit uniform tape veloc-
i ty past the heacls (voltage at center
node), shieldine the heads frorn the
h i g h  a m p l i t u d e  r e e l - i n d u c e d ' n o i s e i
The fluid-coupled dual flywheels by-
pass the r ipple to'sround; and the com-
pl iant arms block perturbations even
before they reach the flywheels. The
flutter rol ler between the heads shorts
the high-frequency perturbations to
'groundi Resistance elements in the sys-
tem-dashpots  an( l  f lu id  coup l ing-
keep Q low for best filter response.

PACKAGING
Because a  mul t i channe l  tape re -

corclcr is in real i ty several r l ist inct in-
struments, i t  is necessary to insure that
al l  channels are ol)erat ing properly
antl  that al l  o[ the controls are easi ly
accessible to the ol)el-ator from t l te
front panel. A meter in eaclt  channel
usecl to monitor recorrl level also rlorr-
bles as a bias presence inrl icator. Re-
corcl ine without bias is nearly equiva-
lent t<; not recordine at al l .  There-
fore, with an inrl icat ion of bias pres-
ence and the recort l  signal at l justed to
t l re  l r ro l re r  leve l ,  t l te  openr ror  i s  l rs -
sured that the recorrl  cl tannel is in
ol)erat ion. A single meter in the repro-
( luce system can be switched to each

channel to check the reproduced signal.
Al l  of the electronics morlules have

accessible front l tanel controls and can
be removecl from the front. The tape



(b)

Fig.9.  Each record and reproduce am-
plifier accepts three plug-ins for equal-
izer  swi tching (a) .  Equal izers are
mechanically suitched into the circuit
by merely pressing them t'ront the lront
panel .  A three way teetet  - tot ter  mech-
anism (b) disconnects any other equal-
izer automatically uthen one is pressed.

tr:rnsl)ort rnechzrnism also is rernovable
Irom the f lont. Al l  of the arnpl i f iels

?rfe on Pfinte(l-circuit  boarcls and a] 'e

connecte(l  to t l le rcst of the systern by

pr-inte(l-circuit  mother boanls, thus in-

surins that al l  cf iannel parasit ics are

eclual,  clo not vary, ancl :rre the samc

lor any rnachine.

Each repror luce  ampl i f ie r  accepts

three equalizer plug-ins for atty three

of the six standard tape speeds, Fig.

9(a). Rapid spec(l chanpies are made

possible by a threc-way tecter-totter

rncchanism. \\1hen the Push-bar on one

eclual izcr is t lepressetl ,  the previously-

connecterl  equalizer is automatical ly

t l isconnected, Fig. 9(b). The plug-in

equa l izers  a re  rep laceab le  f ro rn  the

front panel without removing the am-

pl i f ier moclule. Connections are made

through high-pressrrre sl ir l ing contacts

ensurins dcpcntlable sr 'vi tcl t ine, even

in a hosti le envir-onrnent.

TEST SIGNALS

Tcst inputs are locatecl on the frortt

o{ the recort l  main frame. 
' I i r  

apply a

test signrl  to x track, the signal is con-

T i m e  I n t e r v a l
M  i l l i s e c o n d s

o , l

nectecl to the test jack and the appro-

l ) r ia te  bu t ton  Pushet l .  The I ro rmal

data signal input is rentoved atrt l  the

test sisnal i trscrtcr l  in the recot 'cl  am-

P l i f ie r .  Thc  ou tPut  tes t  Po in ts  l l ' o rn

the reprocluce ampli f iers are si l l l i lar ly

avai lable at the front of t l te systen).

Therefore, i t  is possible to check al l

dranncls frotn the lrotrt  Danel.
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N lagnc t ic  heat ls  fo r  the  -hp-  3950

Magnet ic  J l rPc  Sys ten ls  a re  tna t l t t lac -

turet l  by the -hp- PAECO Division.

Un ic lue  manufac tu t ' in€ i  p rocesses  to

ar:hieve high plecision in the L5 NIHz

nrasnetic hcarls were t lcvelopetl  by Earl

G.  C iur thwa i t  anr l  Wi l l ia rn  I .  G i ldncr ,

anr l  by  R i r :ha l r l  C .  S innot t ,  consu l tu t r t .
- ( )c t  n l .d  L .  A i t t suor t l t

Input Level:  0 25 to 30 vol ts rms

I n p u t  l m p e d a n c e :  1 O 0 O  o h m s ,  7 0  p f ,  u n b a l a n c e d
t o  g r o u n d .

Output Level:  Up to I  vol t  rms into 75 ohms

O u t p u t  l m p e d a n c e i  7 5  o h m s ,  u n b a l a n c e d  t o

Srou no

Harmonic Distor i ion: when recording at the nol-
m a l  l e v e l  ( I %  t h i r d  h a r m o n i c  d i s t o r t i o n  o n
t a D e )  o r  l e s s  a t  a n y  f r e q u e n c y ,  e l e c t r o n i c a l l y
caused distort ion is less than y2y" of s ignal

Front.panel Operat ing Controls:
Recbrd: Rebord Level Meter Adjust,  Record

L e v e l  C o n t r o l ,  B i a s  L e v e l  C o n t r o l ,  B i a s  I n d i -
c a t o r  S w i t c h ,  a n d  B i a s  a n d  I n p u t  T e s t
Points.

R e p r o d u c e :  O u t p u t  G a i n  C o n t r o l ,  E q u a l i z e r
A m p l i t u d e  A d j u s t ,  a n d  P r e - a m p  O u t p u t  T e s t
P o i n t s

Signal connectors ( input and output):  BNc fe'
m a r e

Prices: l

R e e l  P r i c e
- h o -  s r 2 e  D r r e c t  F I M
M 0 d e l  ( m a x .  i n  )  T l a c k s  S y s t e n r s ' ?  S y s t e m s l

I  5 NlHz dc to 20 kHr

3950A 15 14 $19,700 $21,030

39508 t5 7 $13,350 $14,015

I standard features included in al l  systems at aboYe
Dil  C eS.

a. l \4eters on al l  record channels
b .  l V e t e r  s w i t c h e d  i n  e a c h  r e D r 0 d u c e  m a i n f r a m e
c. TaDe footase counter.
d .  B i i s  o s c i l l t t o r  i n  r e c o r d  m a t n f r a m e s
e Reel 0f  high qual i ty instrumentat ion tape and empty

r e e l .

2  W i t h  a  f u l l  s e t  0 f  r e p r o d u c e  a s  w e l l  a s  r e c 0 r d  a m p l i -
f i e r s .  D i r e c t  r e c o r d  a m p l i f i e r s  0 p e r a t e  a t  a l l  s i x  s p e e d s .
A b o v e  0 r i c e s  i n c l u d e  s p e e d - r e l a t e d  n e l w o r k s  t 0 r  a n y
t h r e e  s p e e d s  f 0 r  a l l  D i r e c t  R e p r o d u c e ,  F M  R e c o r d ,  a n d
F M  R e o r o d u c e  a m ! l i f i e r s

3  D C  t o  4 0 0  k H r  w i d € b a n d  F M  o p t i o n a l l v  a v a i l a b l e

M A N U F A C T U R I N G  D I V I S I O N :
- h p -  M i c r o w a v e  D i v i s i o n

1 5 0 1  P a g e  M i l l  R o a d ,

P a l o  A l t o ,  C a l i f o r n i a  9 4 3 0 4

P r i c e s  f o b  f a c t o r y

Data subject to change without not ice

S P E C I F I C A T I O N S
-hp-

MODEL 3950
MAGNETIC TAPE

RECORDERS

Tape Transport
R e e l  S i z e :  1 0 %  t o  1 5  i n

Tape wldth and Thickness: y2 ot 1 in wide, 1-0
m i l  t h i c k -

TransDort Sp€eds: 120, 60, 30, 15, 7t /r ,  and 33/a
i p s . - O t h e i  g r o u p s  o f  s i x  s p e e d s  a v a i l a b l e  a t
extra cost

Pushbutton Operat ing Controls:  Stop, Play, Re-
verse. Forwird, Record, Speed (6),  and Power.

Remote Control :  Cohnectors on rear permlt  re '
mote control  of  al l  t ransport  operat ions ex-
cept speed select ion.

S t a r t  T i m e :  W i t h i n  s p e e d  l i m i t s  i n  5  s e c o n d s ;
f l u t t e r  w i t h i n  s p e c i f i c a t i o n s  i n  1 0  s e c o n d s
m a x t m u m .

Rewlnd Time: Approximately 4 minutes for 9200
f t ,  4 Y 2  m i n u t e s  f o r  1 0 , 8 0 0  f t .

Drive System: Open loop, damped

Total  Interchannel Tlme Displacement Error
(stat ic and dynamic):  t  1 ps at 60 ips, i  0 5
!s at 120 ips between two adiacent tracks
o n  s a m e  h e a d  s t a c k .

0

0

Tape Intcrrupt ion Sensint:  Tape breaka8e or
b n d - o f - r e e l  r u n o u t  i s  s e n s e d  b y  t h e  t a k e - u p
reel tensioninB arm to stop the transport .  l t
is unnecessary to prepare tapes with markers
before use,

B r a k i n q :  B v  f e e d b a c k  t y p e  m e c h a n i c a l  b r a k e s
whic--h prbvide power' fai l -safe operat ion in al l
m o d e s

Masnet ic H€ad Ass€mbly: The head assembly
r i e e t s  I  R I G  d o c u m e h t  1 0 6 - 6 5 ,  P a r t  6  i n c l u d i n g
m e c h a n i c a l  g e o m e t r y ,  n u m b e r i n g ,  a z i m u t h ,
a n d  p o l a r i t y

Tracks: 7 tracks on r/2 in and 14 tracks on I  in
w i d e  m a g n e t j c  t a p e -

Drive SDeed AccuracY:
S t a n d a r d  6 0  H z  i 0 0 3 %  C o m m e r c i a l  P o w e r :

) . O 2 5 a / "  o i  n o m i n a l  c a p s t a n  s p e e d  w i t h
I . 0  m i l  t a p e .  S p e e d  p r o p o r t i o n a l  t o  l i n e
freq uencv-

4 7  t o  6 3  i { z  L i n e  F r e q u e n c y t  7  O 2 5 o k  o l
n o m i n a l  c a D s t a n  s p e e d  w i t h  1 . 0  m i l  t a p e
w h e n  c a p s t b n  i s  p o w e r e d  b y  o p t i o n a l  H P
3680A Stabte AC Power Source; 10.027"
o t  n o m i n a l  c a p s t a n  s p e e d  u s i n g  o p t i o n a l
HP 36804 Stable AC Power Source and
3 5 8 1 A  T a p e s p e e d  S e r v o ,  m e e t s  l R l G  1 0 6 - 6 5 ,
Sect ion 6,3.6.3

Tap€ Footage Counter:  5 digi ts,  tO05% ac-
cu raGy.

Direct Record/ Reproduce SYstem

60 0 4 kHz-750 kHz > 29 dB ( 0-8 ps
30 O 4  kHz-375 kHz >  29  dB (  1 .6  Ps
" :t3 dB 10 kH! to upper band edge; t4 dB 0 4 kHz t0

upper  band edge,
" .  S igna l  t requenty  a t  0 .1  r  upper  band edge;  Iecord

leve l  a t  lo l "  3 rd  harm0n ic  d is to r l i0n  0n  tape us ing
-18  dB loc tave  t i l te r  2  dB down a t  band edge.

.** Fundamental ol square wave at 0 1 x upper band edge
Eoua l iza t ion :  Each ampl i f ie r  w i l l  accommodate

ih ree  equa l izers  to  meet  requ i rements  o f  lR lG
standard  106-55.

Tape Speed
I  n c h e s /  S e c

r20
120
60
60
30
30

Ji t ter P-P
M i  croseconcls

0 3
t c
o 4
2 0
0 4
3 0

Flutter:
Speed

1 2 0  I P S
O-10 kHz
G-200 Hz

60 IPS G-1-5  kHz
0-10 kHz
0-200 Hz O.z'h

30 IPS G-1 .5  kHz O 5Y"
O-5 kHz O AY"

eroressed as R[.{S flulter, the values would be y6 t0
f th0se listed. Prop0sed 1966 revision of lRlG 106 65
il ies that {lutter be within stated peak-to-peak l imits
0 f  the  t ime,  0n  th is  bas is ,  va lues  o f  f lu t te r  a re  sub

stantially lower

Time Jitter: The random jitter in the reproduced
s isna l  be tween any  two events  i s  typ ica l l y
w i lh in  the  fo l low ing  peak- to -peak  3  s igma
f  im i ts  ( i .e  ,  99  7Y"  o t  the  t ime) :

Bandwid th  F lu t te r  (p -p) "
0*200 Hz O 2V"
G-1 .5  kHz o3ok

o 6Y"
o 2Y.
o 3Y"
o 6y.



A Current Preamplifier
for Magnetic Tape
Playback Systems

i lN rHE article describing the -hp-
I model 3950 Trpe Recorder on
page 2 of this issue, mention is made
of the current sensing preamplif ierl
used in the playback system. This
novel method eliminates many of
the disadvantages associated with
present wideband, high frequency
reproduce systems which amplify
the voltage generated by the tape
head.

The tape wide-band voltage am-
plif ier must be designed with an in-
put impedance high enough so that
the voltage output from the head
will not be attenuated. In such high
impedance systems, clistributed in-
put capacitance tunes with the in-
cluctance of the heacl to influence
the high-frequency signal amplitude
anc l  phase  cha rac te r i s t i cs .  Th i s
means careful control in clesign and
continuous adjustment cluring head
life.

Also in  vol tage sensing s\ 's lc lns : t

signal attenuation is founcl to occur
at higher frequencies due to eclcly
current cffects in the core of the
head.  These,  toeether  . ,v i th  gap
Iosses ancl other effects, recluire acl-
dit ional high-frequency coml)ensa-
tron.
I  Pa ten t  aDDl ied  fo r

The use of a low-input impedance

current amplif ier is found to elimi-
nate the ef fects of  input  capaci ty  on
the signal current ancl to minimize,
if not remove, the effects of edcly
current losses. It also provides for
improved system signal-to-noise per-
formance.

EQUIVALENT CtRCUTTS

In the simpli f ied voltage equiva-

lent circuit  of a tape head, Fig. l(a),

the voltage generated across the am-

p l i f i e r  i n p u t  ( w h e n  i n p u t  i m p e -

dance is high) is known to be pro-

port ional to the rate of r:hange of

f lux through the head. The Norton

equivalent circuit  to Fig. l(a), the

current equivalent model, is shown

in Fig. l(b), and in sreater detai l  in

I (c). I t  generates thc identical volt-

age of f ig. 1(a). T-he signal current

i" from the famil iar LI - n6 equa-

t ion, is proport ional to nq5/L anrl

therc fo re  i s  p ro l to r t iona l  to  tape
flux rather than rate of chanse of

f lLrx. Inspection of the cur-rent rnocl-

e ls ,  F ig .  l (b )  anr l  l (Q,  shows tha t

the use o[ a lrxv-input imperlance

am1-rl i f ier achieves a number of cle-

sirable features.

Ol

)+lf'+"

(A)

OlZ , ' o t
p reamp

Z , n o t
preamp

Fig. 1. Brzsic equiuaLent circuits of the
head. The uoltage equiLtalent model is
shown at (A) and the current equiu-
alent model at (B). Losses are de-
tailed in the cument equiualent head

model (C).

R .

P L c

(c)
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FREQUENa| +

Fig.2. Frequency characteristics compared for uoltage

and current models. The current model does not haue

the rising characteristic ot' the uoLtage model, but is flat

t'or louter t'requencies.

turns, and contrary to the usual aP-

proach, makes i t  appear desirable to

use as few turns as possible. How-

ever, signal-to-noise considerations

are found to override this and dic-

tate the optimum choice of head

inductance.

The low-input impeclance ampli-

fier allows greater freedom in the

design of the input circuit  for op-

t imizing the signal-to-noise rat io. In

the -hp- systems, the head induc-

rance, cable parasit ics, and input

circuit  parameters have been chosen

to maximize signal-to-noise rat io.

-Arndt B. Bergh

I
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From Fig. l(b) and l(c) i t  is ap-

parent that the distr ibuted capaci-

tance C, t l-re head inductance L, and

the core loss resistance Rn are short-

ecl out by a low-input impedancc

2,,, .  Thus the bandwiclth l imita-

t ions causerl by capacitance arc well

above the highest frequencies of in-

terest. Ampli tude ancl phase varia-

tions clue to tunins effects are there-

f o r e  e l i m i n a t e c l .  E d d y  c u r r e n t s

which af lcct head inductance and

core loss, ancl normally cause signal

loss  in  vo l tage ampl i f ie r  sys tems,

now have n minimum effect on sig-

nal ampli tucle. The low frequencl,

l i rnit  of the system is set by I- in

para l le l  w i th  R"  p lus  Z ' , , .

Thercfore, lvi th a low-imperlance

input ,  the  ou tpu t  w i l l  be  tha t  o f  the

e q u i v a l e r r t  (  u l l ' e n l  g e n e r a t o r .  i . ,

ancl wi l l  not exhibit  the ty1-r ical 6

t l tsi  octave r ising characterist ic and

head impedance in f luences  lounc l

with voltage ampli f iers. 
' I -his 

also

means that the signal ampli tucle is

e s s e n t i a l l y  i n d e p e n d e n t  o f  t a p e

speecl, an important factor in am-

p l i f ie r  des ign  fo r  mu l t ip le -speed

taPe systems.

Elimination of the 6 dB/octave

characl-erist ic means that low fre-

quency equalization is no longer re-

quirerl  (Fig. 2). But hieh-frequency

a t t e n u a t i o n  i s  m o r e  s e v e r e  a n d

greater equalization is required to

compensate for the hieh-frequency

losses .  (However ,  h igh- f requency

equa l iza t ion  is  needec l  l v i th  bo th

vo l tage anc l  cur ren t  1 ; rcampl i f ie rs
to compensate for high-frcquency

attcnua[ion due to gaP effccts, etc.)

The equation for signal current,

i "  :  n 4 / L .  c a l l s  i l t t e n t i o n  t o  r r r r -

other interesting l)rol)erty of this

system. Sincc L is proport ional to

nr, i t  is al)parent that the sisnal cur-

rent is inversely prol)()rt ional to t l .re

number  o f  tu rns  in  the  w ind ing .  Ex-

perimental ly, signal :urrpl i tur lc cloes

i n c l e e d  i n c r e a s e  w i t h  d e c r e a s i n g

ARNDT B. BERGH

Arne Bergh joined -hp- in 1956
and has worked on advanced re-
search and development of several
i n s t r u m e n t s  i n c l u d i n g  t h e  - h P -

Model 4284 and 4288 CliP-on Mil-
l iammeter .  He was in  charge o f  the
deve lopment  o f  the  Magnetometer
and la rge  aper tu re  cur ren t  p robes
for  the  4288 CI ip -on  Mi l l iammeter
orobes .  He a lso  worked in  the  de-
ve lopment  o f  an  ink  tes te r  used to
determine magnet ic  conten t  o f  ink
used on bank checks. Arne received
his BA degree from St. Olaf 's Col-
lege in  1947 and h is  MS in  Phys ics
f rom the  Un ivers i ty  o f  M innesota  in
1950.  He ho lds  severa l  pa ten ts ,  has
severa l  pend ing ,  and is  a  member
o f  I E E E .



Wideband
Gavity-type
Goaxial
Frequency Meters
A d iscuss ion  o f  the  con-
struction used to achievethe
broad trequency rahge ot
the -hp- microwave cavity
wavemeter.

l t \ALTBRATTNC a s ignal -genera tor
V d ia l  is  a good example of  a task
which calls for frequency measure-
ments that  are accurate wi th in
about  0.1/o,  or  one par t  in  103.
Since the best dials have tracking
errors of lt/o or more, it is not neces-
sa ry  t o  use  a  ca l i b ra t i o r r  sys ten r
which is more accurate (and more
expensive)  than a 0.1/o system.
There are many other situations in
which 0.lfo frequency measure-
ments are sufficiently accurate, and
in these s i tuat ions the best  f re-
quency meter to use is a cavity wave-
mel-er-a s imple,  inexpensive,  pas-
sive device.

Fis,. 2. -hp- Models 5364 (r) and 5374 (l) Coaxial
Frequency Meters are inexpensiue, reliable, and free
t'rom spurious responses ouer their frequency ranges,
uhich are 0.96 GHz to 4.2 GHz and 3.7 GHz to 12.4
GHz, respectiuely. High-resolution spiral scales haue

traching errors less than n0.17o.

Fig. I. Typical of the many uses ot' cauity frequency nxeters
(utauemeters) is that shown here, i.e., prouiding an accurate
frequency marker in a swept-frequency measurement of a
filter response. Wauemeter's indication of frequency (a dip
in the oscilloscope trace) is accurate within about !0.170
compared uith =1/o for signal-generator dials and markers.

'Iwo 
cavity wavemeters have been

cleveloped by the -hp- Nlicrowave
Division for measuring frequencies
in coaxial systerns. Although rhese
units have both been in procluct ion
for some time, they are still con-
siclerably more aclvancerl than any
other meter in their class. Unlike

some cavity wavemeters, these two

have wide bandwiclths and are com-

pletely free from spurious responses.

T h e  c o a x i a l  w a v e m e t e r s  a r e

s imp ly  ca l ib ra ted  tunab le  cav i t ies

coupled to coaxia l  t ransmiss ion
lines. To measure the frequency of
a signal on the transmission line,
the wavemeter is tuned unti l the
transmittecl power dips, indicating
that the resonant frequency of the
cavity is the same as the transmitted
frequency, and that the cavity is
absorbing power from the transmis-
sion line. The unknown frequency
is then read from a calibratecl dial
on the wavemeter. Tirned off res-
onance ,  t he  wavemete rs  a re  j us t
transmission l ines, so they can be
built into a system or used in a
swept- f requency setup wi thout  in-
terfering with other parts of the sys-
tem. In operation, a detector and an
indicator are required to monitor
the transmitted power, as shown in
rhe typical measurement setup of
Fig.  l .

The two wideband -hp- coaxial
\,vavemeters €ig. 2) operate from
0.96 GHz to 4.2 GHz and from 3.7
GHz to 12.4 GHz. At resonance.
they procluce a dip of at least I dB
in the transmitted power (Fig. 3);
off resonance, VSWR is less than 1.2
in the lower frequency unit and less
than 2.0 in the higher frequency
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unit.  Ca\r i ty Q's are 1500 to 4000 in

the low-frequency version, ancl 1200

to 2000 in the high-frequency ver-

slon.

Frequencies are rearl  cl i rect ly and

with high resolut ion from the spiral

scales of the two coaxial \ \raveme-

ters. The scale of the 4.2-GHz'lr 'ave-

meter is 180 inches long ancl has cal-

ibrat ion marks every 2 I ' IHz. These

marks are rnore than 14,i  inch alrart,

even at 4.2 GF{t. The scale of t l ' re

12.4-GHt instrument is 80 inches

l o n g  e n t l  h a s  l 0 - V H z  i r r c r  e m c n t s .

Calibrat ion marks are rnore thalt

16': inclr apzrrt, even at 12.4 GHz.

Both scales reacl accurately within
+0.1a /o .  The ex t reme reso lu t ion

ancl reaclabi l i ty of these scales per-

m i t  i n r l i v i t l u a l  s <  a l e  ( o r r e c t i o n

charts to be macle so that readings

Fig. 3. Osci l lograms shouting dip
produced by -hp- 537A Frequency
Meter. Marker (deriued t'rom house
frequency standard) is at 8.4 GHz.
Cauity Q of Model 537A, nreasured
on lhese osc i l lograms.  i s  g rea le r
than 2000. (a) Wauemeter not tuned
exactly to 8.4 GHz. (b) Wauenteter
tuned to 8.4 GHz. Horizontal: 10
MHz/cm; Vertical: lineur tn pou)er.

F ig. 4. S implifie d cro s s- se c-
tional uieut ot' Model 5364
Frequency Meler .  Caui ty
is tuned by mouing plunger

up and donn. Choke sec-
t i o n  p r o d u c e s  e x c e l l e n t
s h o r t  c i r c u i t  b e t t u e e n
plunger and cauity ualls
at point indicated. Model
537A cauity is similar, but
uses contar ' l ing f ingers in-
stead ot' choke section to

produce sliding short.

c:rn be rel)eate(l  with errors much

snral ler than 0.lof, .  There are no
sPurious responses at any cl ial  set-
t ing, and t l-rere is virtual ly no back-
lash in the tunine mechanism.

CAVITY DESIGN

Tl're cavit ies used in the coaxial
w.rvemeters are quarter-wavelength
coaxial transmission l ines, shorted
at their upper encls ancl open at
their lower ends (Fie. 4). Each wave-
rne t -e r  i s  tunet l  by  mov ing  a  center
conr luc to r ,  o r  p lunger ,  a long the
axis of the cavity, thereby changing
the effect ive length of the caviry.
One of the cri t ical l )roblems in the

development of the wavemeters was

tha t  o f  ach iev ine  a  soo( l  s l i c l ing

short between the plunger ancl the
upper  end o I  the  cav i ty .  In  the
lower-frecluency wavemeter, an ex-

ce l len t  shor t  i s  es tab l i she< l  by  a

choke section with an air r l ielectr ic

(Fig. a).r In the hieher frequency

version, contacting f ingers are used

instearl of a choke scction, and prob-

lems o[ rough tuning, low Q, and

excessive 'rvear have been avoiclecl

by rhoosing the proper materials,

surface f inish, anrl  f inger geometry.

To increase the bandwirl ths of the

rFor  an  in t roduc t ion  to  choke coup l ings  see G C South
w o r t h , ' P r i n c i p l e s  a n d  A p p l i c a t i 0 n s  o f  W a v e g u i d e  T r a n s -
m i s s i o n , ' D  V a n N 0 s t r a n d  C o ,  I n c . ,  N e w  Y o r k , 1 9 5 0

wavemeters and el iminate three-

qua r te r -wave leng l  h  spur ious  reso-

nances, a ' loading 
capacitance' is

added to the open encl of each cav-

i ty by stepping down the diameter

of the cavity near i ts bottom end
(F ig .  a ) .  A t  h igh  f requenc ies  the

pluneer is far away from the loacl-
ing capacitance ancl the cavity ap-

pears to be a pure quarter-wave cav-

i ty. As the lower encl of the band is
approached, the plunger Irenetrates
closer to the stepped-down section

and the cavity becomes a cluarter-

wavelength cavity loaded'rn, i th a ca-

paci tance.

Energy is coupled into the cavity

by means of a well-matched section

o[ str ipl ine located near the stepped-

rlor, l 'n cnd of thc cavity. Placing the
coupling section near the steppecl-

clown part of the cavity causes the
coupline to be higher at low fre-
cluencies than at high frequencies

becausc the pluneer is closer to the
steppe(l-( lown enrl of the cavity at
low frequencies. Increasins the cou-

pl ine at low frequer.rcies helps corn-

pensate for the lowcrins of cavity Q
by the loading capacitance ar low

frequen<:ies, thereby making the re-

sPonse of the wavemeter at reso-

nance more nearly thc same at al l

cavrty settrnss.
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MECHANICAL DESIGN

. \  s i r r r l r l c  b t r t  l r t e r  i s c  r n i r  t , r t t e l e t -

tvpe lcarl-screu. ch' ivc posit ions t lre

1>lunger of the lolv-f lcqucncy \ruvc-

mcter  Lo  ' l v i th in  -+0 .0003 inch  an t l

r l r l r t  o f  t l r e  l r i e l r - l  r c q u c n (  \  \ c l \ i o r l

to  r ' r ' i Lh in  l -0 .0001 in r :h .  I i i  i nsure

thn t  thcsc  to lc ranr :cs  l ' i l l  be  main-

tainecl a[ter ]orrg rrsc :rnrl  ovcr lr , i r le

tcr l ] l rcf:r turc i ' r inges, rnaterials hale

been chosen lh id r  hurc  (onr l ) : r t ib le

coeff icients o[ cxpansion anrl l i is lr
' r vcur  r -cs is t l rnce .  I lax rmul )  tc l r l -

pera turc  coef f rc ien ts  be t r , r 'een  0nC

a n t l  5 5 o C  a r c  o n l v  0 . 0 0 1 6 9 o / " C  f o r

the lou'-freclucnc\ '  \r : lvemcter, ar)( l

onl l '  0.0019o / " C fol t l ie l i igh-fre-

quencv trnit .  Ti 'pical axial rvear of

thc  leac l  sc re \ \ :  assenrb l ;  i s  on l l '

0 . 0 0 0 1  i n c h  a f t e r  I 0 , 0 0 0  c y c l e s ,

equivalcnt to a frequenc:\,  shif t  of

or)e l)art in l0+ at 4 2 GHz (lor 'r '  fre-

quencv  r .e rs ion)  and 2 .5  par ts  in  l0 l

a t  I2 . .1  GHz (h igh  f rcc luenc :y '  ver -

s ion) .
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S P E C I F I C A T I O N S
-hp-

MODELS 536A AND 537A
coAXrAL FREQUENCY METERS

FREQUENCY RANGE:  5364,  0  96  GHz to
4 2 GHzi 537 A. 3 7 GHz Io 72 4 GHz

D I A L  A C C U R A C Y :  1 0 1 %  ( 1 0 1 5 %  f o r

5364 f rom 0  96  to  1  0  GHz) .
O V E R A L L  A C C U R A C Y  ( d i a l  a c c u r a c y  p l u s

a l l o w a n c e  o l  t - O 0 2 T o  f o r  0  t o  1 0 0 " / ,
r e l a t i v e  h u m i d i t y ,  : L O  O 0 I 6 y " / " C  f r o m
1 3 '  t o  3 3 ' C ,  a n d  0  0 3 7 6  b a c k l a s h ) :
- + 0 1 7 ' A  ( . ! 0 2 2 a / o  f o r  5 3 6 A  f r o m  0 9 6
to  1  0  GHz)

DIP AT RESONANCE:  At  leas t  1  dB (0  6
dB fo r  536A f rom 0  96  to  1  0  GHz)

R E F L E C T I O N  C O E F F I C I E N T  O F F  R E S O -
N A N C E :  5 3 6 4 ,  < 0  0 9 1  ( 1  2  V S W R ,  2 0  I
d B  r e t u r n  l o s s ) ;  5 3 7 4 ,  < 0  3 3  ( 2  0  V S W R ,

9 5  dB re tu rn  loss)
CALf  BRATfON INCREMENTS:  536A,  2  MHz;

5 3 7 4 ,  1 0  M H Z
CONNECTORS:  Type N female
P R I C E :  5 3 6 A ,  $ 5 0 0 ;  5 3 7 A ,  $ 5 0 0
M A N U F A C T U R I N G  D I V I S I O N :

-hp-  Mic rowave D iv is ion
1 5 0 1  P a g e  M i l l  R o a d ,
P a l o  A l t o ,  C a l r f o r n i a  9 4 3 0 4

P r i c e s  f o b  f a c t o r y
D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t r c e

f o r  t h e  m e c h a n i r a l  c l e s i g n  o f  t h e

lon , - f reqr re t rcv  coax ia l  1 \ ' : t \  c l r le te r

Kendall  G. Calt lu.el l  na(le severir l

co l r t r ibu t ions  to  t l le  { ina l  Io r rn  o f

t l-re hieh-lrecluenc\ c oexial \ \-r tvctne-

te f .
, \ t c  p l t c t t  F . , l d a t t t  u t t d

A n t l r o r t l ' , \ .  B a d s ( t

Hrs note clescribes a siml.r l i f iecl

t e s t  t e c h n i q u e  f o r  e v a l t l a t i n g

and op t im iz ing  per fo rnance o f  a

steP recovery cl iocle in a single stage

frequency mult ipl ier.
' Ib 

optimize the perlonnatrcc of a

f reqr - renc1 '  mu l t ip l i c r ,  the  genera l

l)rocc(lure is to tune alternately the

matching circuit  to fc( lucc t l ' rc re-

I lecterl  po\{er anrl  to adjust the bia.s

; r r r t l  o r r t l , u t  ( i r \ i t r  I o t '  n t : t x i n t t n n

l)or\ 'er out :r t  i l  sirrglc frerl trency (sce

Fig. 1). Ncver-theless, as the ref lecte<l

Powcr is reclucecl the bias must be

rea( l  ius lec l .  Read j  us t rnc l t t  o f  the

b ias  in  tu rn  requ i res  fu r ther  tun ing

of the matching r: ircuit ,  ancl pos-

siblv the cavity. This back and fort l ' t

process continues unti l  what is be-

l ievetl  to be optimum l)erformance
is achieved. 

-I 'his 
r:oult l  be a tedious

an(l t ime-consuming l)rocechlre.
' I i r  

el irninate this t l i l f ictr l ty aurl  to

{ac i l i ta te  op t im iz ing  the  pcr fo r rn -

ancc  o f  the  mul t ip l ie r ,  the  b ias  i s

app l iec l  f rom a  I  kHz nesat ive

going saw-tooth voltage gerlerator

o [  lou ,ou tPut  imPedance.  Th is  suw-

tooth bias is simultaneousl l '  appl iecl

lnout  at
f reqLency f , ,+

Bias Circui t
for Diode

I
I

Match ing
Ci rcu i t

V
Diode with
Associated

Circuit

7
Cavity

V
Output  at
f requency

n f o

F ig. L. G ene r al f r e q ue ncy multiplie r
bloclz diagram.
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A remarkab ly  ac t ive  person,  Tony
has he lped to  deve lop  the  mechan ica l
des ign  case s tudy  program now in
use a t  S tan ford  and o ther  un ivers i -
t ies ,  has  served th ree  te rms on  the
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of  a  f i ve-year  wor ld  c ru ise l

A bioEraphy of Stephen F. Adam appears
on paqe 79
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For Evaluating
Diode RF Performance

Simplified Technique

to sweep an osci l loscope while the

outpu t  powef  i s  be ing  observed.

F ig .  2  shows an  ac tua l  tes t  se tup

usecl to evaluate the hpo 0320 diode.

A 2301 ho t  car r ie r  d iode is  con-

necte(l across the oul"put of the -hp-

465,4 ampli f ier to cl ip the posit ive

portion of the sar,v-tooth.

In practice the input power to

the mult ipl ier is adjustecl by means

of the variable attenuator r,vi th a 50-

ohm loatl  temporari lv substi tutecl

for the rnult ipl ier. 
' I 'he 

deflect ion

on the osci l loscope is cal ibratet l  to

incl icate the clesired outl)ut l)ower
level. 

' Ib 
record the ex;rct output

power  rnore  accura te ly ,  the  saw-

tooth is cl isconnecterl  by rneans of

the sr,vi tch SW, and either the self

bias potentiorneter R or the bias

supply is arl j trsted to give the same

m : r x i m u r n  d c f l e c t i o n  i n d i c a t e c l

lvhen the bias was swept.
' I 'his 

technique oI t l isplaying out-

put power- vs. bias enables rapicl

evaluation of a step recovery cl iocle

in a harmonic gcnerator for max-

irnurn polvcr output. In aclt l i t ion,

spec t ru rn  b reakup an t l  abrup t

changes of por'r,'er outl)Lrt vs. bias can

also be easi ly observed i f  prescnt.

Furthermorc, sr,r, 'eepine the bias per-

r n i t s  i n s t a n t  c v a l u a t i o n  o f  d i o r l c

p c r l o r r r r r r n r  e  o \ e r  i t s  e n t i r e  o l ) c l a t -

i n g  l r i r r s  r  l r r r g e  r n r l  r c t l u r  c s  t c s t  l  i r t r e

<:onsir lerably. Fig. 3 is a photog'raph

oI  an  ac tua l  d isp lay  o f  c le tec ted

power out at 10 GHz vs. bias volt-

age. The diode being testecl is the
hpo 0320.  This par t icu lar  photo-

graph reveals the possibil i ty of mul-

t ip le power pe:rks,  a concl i t ion

rt4rich 'u'oulcl not be reaclily aPpar-

ent i l  srvept bias r,vere not emPloyecl.

The author  woulc l  l ike to ac-

knovr'letlp;e the assistance of David

Jacoby lvho assemblecl the ecluip-

nent :rlr(l performecl nlany measure-

mcnts.
-Bernard Leuirte

-6  -4

BIAS (Volts)
Fig. 3. OsciUogram talzen with test
se tup  o f  F ig .2 ,  showing de tec ted
power out of hpa 0320 mul.tipl.ier at
10 GHz as a function of bias uoltage.

t l
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f+ l
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OS P 200 MHz
ARRA 3414 30
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-hh l30C
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I ver i
I

ht 4234-02
CRYSTAL

DETECTOR

I
-hh 5374

FREQ METER

I
_hLtuqra_2n NARDA30458. l0* efreiLirirbri * 

"Eogl,."#,
i

-hp- 4784
THERMISTOR

MOUNT

t
_hp_ 43 tC

POWER IV]ETER

-hp- 43 1 C
POWER I/ETER

I
hp 47AA

THERMISTOR
MOUNT

I
-hp-849rA i0
ATTENUATOR

-hp- 77?O
> DIRECTIONAL

COUPLER

hp. r  0120 SRD
F R  E Q !  E N C Y
V U I  T I P L  I L R

I
I

WEINSCHET DSI09
> DOUBLE STUE

TUNER

Fig.2. Bloch diagram Ior neut, simpler procedure for optirnizing pert'ormance
of a step recouery diode multiplier. Diode being tested here is hpa 0320.
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Swept-Frequency
SWR Measurements
in Coaxial Systems



An impor tant  new swept-
t  req uency tech n i  q  u  e per-
mi ts  qu ick and accurate
measurements of SWR in
coaxial sysfems up to 18
GHz.

fo.rxr.rr- 
corrpoNENTs are Iighter

V and smaller and generally have
much wider bandwidths than equiv-
alent waveguide units. However,
despite these advantages of coax, its
use has unti l recently been limited
to frequencies below a few GHz,
mainly because the best 7-mm con-
nectors available - the type N con-
nectors developed during World
War II - have had excessive stand-
ing wave ratios at high frequencies.
Now, as a result of the urging of the
IEEE Subcommittee on Precision
Connectors and the ASA C83.2 Com-
mittee, the microwave industry has
developed precision 7-mm coaxial
connectors which will operate at fre-
quencies up to l8 GHz with respect-
ably low SWR.1 Consequently, coax
can be expected to replace wave-
guide in this frequency range, at
least for those applications where
the lower insertion loss and higher
power-handling capabilities of wave-
guide are not needed.

Swept-frequency SWR-measuring
techniques for  coaxia l  systems,
chiefly reflectometer methods, have
also been unsatisfactory at frequen-
cies above 2 or 3 GHz, nor only be-
cause of the high SWR of the con-
nectors, but also because of the low
directivity of directional couplers at
these f requencies. :  For tunate ly ,

there is  a new swept- f requency

I  swR <1.003 +  0 .002 x  f requency  (GHz) .  see  IEEE
Transac t i0ns  on  Ins t rumenta t ion  and Measurement ,  Vo l .
lM-13,  No.  4 ,  December ,  1964,  p .  285.
I  Hewle t fPackard  App l ica t ion  Note  65 ,  'Swept  Frequency
Techn iques . '

technique for measuring SWR in
coax.3,4 This method employs a

slotted line fitted with the new con-
nectors, and its accuracy is excellent
from 2 GHz to 18 GHz. Hence the
method is suitable for testing all of
the new coax components.

As might be expected with a new
technique, the convenience and ac-
curacy of the slotted-line method
are greatest when equipment is used
which has been specially designed
for the application. In this instance
only one special item is needed, a

slotted-line sweep adapter designed
and built by the -hp- Microwave
Div is ion.  The other  inst ruments
neecled are general-purpose -hp- in-

struments, although one of them, an
l8-GHz, low-SWR slotted line fitted
with the new connectors, is also a
new development .  Besides the
slotted line sweep adapter and the
slottecl line and its carriage, the
slotted-line method requires a sweep
oscillator ancl an oscilloscope. The
-hp- variable-persistence oscil lo-

scope with the swept-frequency indi-
cator plug-in turns out to be ideally
suited for this application.

swEPT-FREQUENCY SWR
MEASUREMENT WITH A

SLOTTED LINE

The equipment setup for the new
SWR-measuring technique is illus-
trate(l in Fig. l. The sweep oscil lator
output is connectecl to the input of
the s lot tec l - l ine sweep adapter ,
which is essentially a short piece of
slotted l ine with a stationary detec-
tor probe. The output of the aclapt-
er's probe is connectecl to the ALC
input of the sweep oscillator, form-
ing a power-leveling feedback loop.
r  G.  V ,  Sorger  and B.  0 .  Weinsche l ,  'Swept  Frequency
High  Reso lu t ion  VSWR [4easur ing  Sys tem. '  Weinsche l
Engrneer ing  Company In te rna l  Repor t  90 ,117,  723-3 i66 ,
M a r c h , 1 9 6 6
a Hewle t t -Packard  App l ica t ion  Note  84 ,  'Swept  SWR
lv leasurement  in  Coax. '

The slotted line is placed between

the slotted-line sweep adapter and

the device whose SWR is being meas-

ured, and the output of the detector

probe of the slotted line goes to the

vertical input of the oscilloscope.
The horizontal input of the oscillo-

scope is taken from the sweep out-

put of the sweep oscil lator.

To permit the slotted line probe
output to be displayed on the oscil-
loscope with sensitivities as high as
0.5 dB/cm, the sweep-oscillator out-

put must be held reasonably con-
stant as the frequency varies. The
function of the slotted-line sweep
aclapter is to level the oscil lator

power output in such a way that the
vol tage output  of  the s lot ted- l ine

probe remains constant with fre-
quency, excePt for the variations

causecl by the SWR being measured.
The aclapter  consists  of  a shor t
length of slotted line, a well-matched
6-118 attenuator, and two matched

detector probes, one for the adapter
ancl one for the slottecl line. Match-
ing the two probes makes the fre-
quency response of  the adapter
probe, which samples the oscillator

Power,  exact ly  equal  to  the f re-
quency response of the slotted-line

probe. Thus the oscillator power is
acljusted to keep the output of the

slotted-line probe constant with fre-

quency.  The 6-dB ut tenuator  im-
proves the frequency response, probe

isolation, and impedance match of

the aclapter.

The slotted l ine shown in Fig. t

is a new precision 'slab-type' l ine

with very well matched transitions

at  each end.  Connectors can be

either the precision 7-mm type or

improved type N connectors which

also operate up to l8 GHz but have

sl ight ly  h igher  SWR. With the

7-mm connectors. the residual SWR
of the slotted l ine varies from 1.02

ar 2 GHz to 1.04 at  18 GHz.  With

1 5



-hp- 448A
Slotted Line

Sweep Adapter

-hp- 8164
Slotted Line

Fig. 1. Equipment setup
described in text Method

-hp- 86904
Sweep Oscillator

for swept-frequency SWR measurernents
is highly occurate t'rom 2 GHz to 18 GHz.

cies bctr 'veen 8.2 ancl 12.4 GHz. The

ver t i ca l  sca le  {ac to rs  a re  a l l  0 .5

c lR /cm.

Fig. 2(a) sholvs rvhat happells at a

single lrecluclrcy \\rhen the slottecl-

l inc curr ir tge is mot'ecl over at.  least

or lc -ha l f  wave length :  t l te  osc i l lo -

scol)e traccs out a vert ic:r l  l ine rvhose

lcngth is eclual to thc S\VR (in clB)

of thc clevice being testecl.  Th:rt  this

is t |ue cirn l)e slto$,tt  as fol lorvs.

Tnrnsnr iss ion- l inc  thcory  tc l l s  us

thut lr  r-rtr i [orrn, lossless l iue terl l r i -

nate(l  in :r tr  inrpeclance t 'hich is not

e  c l r r l r l  to  i t s  ch l r lacLer is t i c  im l lc t l -

:rnc.c rr i l l  lutvc trt 'o rvaves trar"el ing

on i t  in  o l - rpos i te  d i rcc t ions .  Bes ic les

thc inciclent l 'uve Ei travel ing to-

u' lr .r ls the load, thcle rvi l l  be a re-

{ le c tccl w:rve I l ,  s 'oing in the opposite

c l i rec t io r - r .  
' fhe  

inc i i l cn t  anc l  re -

f lectcrl  \ \ :aves wil l  intcrfere ancl form

;r stancl ing-rr.ave P:tt tel 'n on the l ine.

I[  t l ' re voltaee on t] te l ine is meas-

urerl ,  i t  r t i l l  be founcl that t l tcrc arc

points oI t t t txir t i t- t tD voltage

E , , , " . :  l E t ]  *  E ' l

antl  points of minimltm voltage

E . , i , , r l E , l - l E '

The maxiura ancl minima i ' r ' i l l  be

one-half r ' r ,uvelength apart.

Strrnrl ing-rvave rat io is clef ined as

\\\ 'R: T\I
1 1 ,  i '

I I  the slottecl- l ine crrrr iase of Fig.

I  is mor-et l  over :rt  least one-half

u ,ave lcns th ,  the  osc i l loscope spot

rvi l l  rnove ttp :rncl clor,vn betwecn

E, , , , ,  anc l  E , , , ' , , ,  a t l t l  r ' r ' i l l  t race  ou t  a

l i r rc  l i kc  tha t  shou 'n  in  F ig .  2 ( : r ) .  I f

rhe  osc i l los ropc  h : rs  a  l iuear  ver t i ca l

anrpl i f ier, I1,, ,",  antl  11,,, ' , ,  tan be read

from the displal '  antl  t l te S\VR can

be calcrr lrrterl .  Horvever, i t  is much

bcttcr i f  the osci l loscope has a lc-rga-

r i th rn ic  \e r t i ca l  ; rmp l i f ie r ,  bccause

-hp- 14lA
Oscilloscope

Device under
test

the tvpe N contrectot 's, S\\IR is 1.03

at  2  GHr .  anc l  L06 a t  18  GHz.

Althor.reh anv osc:i l loscope crtn be

usecl for displaying the slottecl- l inc

outirut,  thc variablc 1-let 'sistencc :rnt l

storage fcattrrc o[ the one sltolr, tr  i t t

Fig. I  is l)art icul: lr lv t tseIul I lccause

it permits thc ttnkuou,n S\\ 'R to be

relcl cl i rer:t lv lrom t lrc cl isPlav. I f  a

non-stofug'e osci l lost:olre is usecl,  the

S\\-R clata has to be photoelaphctl ,

us ing  n  t ime expos t t te .  
' I ' l i c  

s \ -ePt -

frcqucnc,v-int l i t  ator pltrg-in is l t lso a

grcat convenience because i t  has a

losarithnrir:  \  ert icaI arnl; l i f ier r,r 'hic:h

makes i t  possible to read S\\rR di

lec : t l f  i r r  dB.

OPERATION AND THEORY

,\l though in opelat ion the slveep

osc:i l lator wi l l  be sr 'vept intcrn:r l l -v,

the nerv S\\IR-rnc:rsurinu techniclt tc

can bc  exp la ined bes t  b ,v  1 ;o in t ine
out lvhat hiLppens at a f ixed [re-

quency. l- ig' .  2 is ; t  series of osci l lo-

g r : rms taken rv i th  the  e t lu ip rnent  o f

F ig  l .  In  F ig .  2 ,  po in ts  on  t l re  hor i -

zontal :rxis rot 'responcl to freqtrcn-

-hp- 809C
Carriage

t o



the oscilloscope will then display
vertical line with length

F'
logloE.o* - logloE.io - tog,offi

- logro SWR.

If the vertical amplifier is calibrated

in dB/cm the SWR in dB is simply

the length of the vertical line traced
out on the display as the slotted-line

carr iage is  moved over  one-hal f
wavelength or more. The SWR can

easily be read from the trace and

rhen converted to a voltage ratio by

the formula

SWR -

For the single frequency of Fig. 2(a),
the SWR is about 0.5 dB or I.06. No-

tice that when the display is loga-

rithmic, only the vertical length of

the trace is significant, and the base-

line does not have to be displayed.
fig. 2(b) shows a series of traces cor-

responding to SWR measurements

at several fixed frequencies.

Now if the sweep oscillator is

swept internally several times per

Fig.2. Oscillograms made with setup of Fig. 1, showing
measuretnent of SWR of a load.

(a) At single frequency, trace m.oues up and doutn
as slotted-line carriage moues ouer at least one-half
wauelength. With logarithmic display unit, Iength of

uertical line is SWR in dB.

(b) Multiple exposure shouting SWR measurem.ents
at seueral fixed frequencies across band.

(c) Typical pattern produced by swept-frequency
measurement. Vertical: 0.5 dB/cm; Horizontel: 8.2 to

12.4 GHz.

',*'(#)
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seconcl across the frequency band,

ancl if at the same time the carriage

of the slotted line is movecl manu-

ally over at least one-half wavelength

of the lowest frequency in the band,

either a time exposure of the oscil-

loscope display or a stored pattern

will look like Fig. 2(c). This tech-

nique,  i .e . ,  manual ly  moving the

slotted-line carriage while the oscil-

lator sweeps automatically, is the

normal one for making swept-fre-

quency  SWR measu remen ts .  I t

yields results l ike Fig. 2(c), in which

the wiclth of the pattern as a func-

tion of frequency corresponds to the

SWR (in clB) of the device being

tested.

ERRORS

Sources of error in the swept-fre-

quency slotted-line SWR-measuring

technique are as follows,

1.  RESIDUAL SWR OF THE SLOTTED

LINE fhis is the principal source of un-

certainty and the limiting factor on the

accuracy of the measurements. For the

slotted line shawn in Fig. 1, residual SWR

(including the 'slope' of the slotted line,

or the change in SWR with carriage posi-

tion due to attenuation) is /ess than 1.03

to 12.4 GHz and /ess than 1.04 to 18

GHz, with the precision sexless 7-mm

connectors. SWR with the improved type

N male and female connectors is slightly

higher. A residual SWR of 7.04 causes an

uncertainty of +2o/" in the measured

reflection coefficient p, which is related

to the measured St4R by the relation

2.  SQUARE LAW ERROR OF THE CRYS-

TAL DETECTOR IN THE PROBE OF THE

SLOTTED LINE. fhe detector probes of

Fig. t have square law errors which are

specif ied lo be /ess than 0.05 dB so long

as the output voltaEe from the crystal is

less than 5 mV. The osci//oscope can be

used to check the probe output of the

slotted line to make certain that it is

within this Iimit over the entire f requency

range. Square law error can then usually

be neglected in comparison to the resid-

ual SWR of the slotted line. lf desired,

the probe can be calibrated by precision

instruments and i ts error el iminated en-

tirely .

3 .  C A L I B R A T I O N  E R R O R  O F  T H E  O S C I L -

LOSCOPE Specified error of the swept-

f requency-indicator plug-in shown in Fig.

J ls /ess than 0 02 dB ldB. This error is

also small enough to be neglected in

comparison to the slotted-line SWR, but

it may be eliminated if desired by cali'

brating the display unit.

4 .  F I N I T E  W I D T H  O F  T H E  O S C I L L O -

SCOPE TRACE. This should be measured

and subtracted from the width of the fin-

ished SWR pattern ot Fig. 2(c) Fig. 3 is

an example of a single trace, showing its

thi ckness.

5  I M P R O P E R  B A N D W I D T H / S W E E P

RATE COMBINATION. The sweep rate of

the sweep oscillator and the bandwidth

of the swept-frequency-indicator plug-in

(Fig. 1) are adjustable. lf the bandwidth

is too low or the sweeP rate too high,

some of the fine structure of the SWR

pattern will be lost. Usually the widest

bandwidth and a fairly high sweep rate

give the best pattern, but the optimum

combination can easily be determined

experimentally, by keeping the slotted'

swR -=lsl
r - l p l

Fig. 3- Oscillogram made uith slotted-Iine caniage station'
ary, showing finite width of trace uthich must be subtracted

f rom SW R measurenTents.
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T E C H N I C A L  I N F O R M A T I O N
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voL.1B, No.4 
l l l  

DEC. 1s66

P U B L I S H E D  A T  T H E  C O R P O R A T E  O F F I C E S
1 5 0 1  P A G E  M I L L  R O A D ,
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line carriage stationary and adjusting the

sweep rate and bandwidth for the most

crooked trace.

6  l . . xc ! . : l s  , , ' :  . ) i i r j i , j i  ] r l  , t i  I  r ' ,

To minimize ref lect ions f rom the prabe

o l  t h e  s l o t I e d  l i n e .  p r o b e  p e n e t r a t i o n

should be the minimum amaunt consist-

ent with the sensit ivi ty of the display unit.

This source af error is not stgnif icant in

the setup of Fig. 1 because of the high
(50 t,V) sensit ivi ty of the display unit and

the high power ()>40 mW at 18 GHz)

ovai lable I r  or r t  the sweep osci I  lalor

SLIDING LOAD FOR TWO-PORT
DEVICES

\\rhen thc S\\rR beins neasurccl

i s  a t  onc  o f  thc  por ts  o I  a  two-por t

der icc (.  g.,  
" 

section of l ine, a con-

l rc ( to r ,  o r  an  a l tenu: r to r ) ,  thc  
'nn-

mcustrrerl '  port o[ the clevice ntusl

l- ie terrninatet l  in i ts charltcterist ic

inrpedance. I f  the clevicc uncler [est

has lol '  l<iss (c.g.,  a l i t re or a conrlec-

t o r ' ; .  r l r e  q u r r l i t ;  o I  t l r c  t e l m i t r r t i o t t

is very impoltant, because unv re-

I ler t ion from it  rvi l l  at l t l  vet:torial lv

to the voltage rel let terl  b1' the clevir e

l>cing Lestet l .

In single-frequency S\\IR tneas-

urclnent.s ancl in s\\.ept-fl'cquenc\

rc{lectometer measurernents where

imper lcc t l , v -m: r tchec l  loads  have

been l - roub lesome,  i t  has  become

stirni larcl practi t .c to use a 'sl iding

load' for a ter ' lnination.5 r\  sl icl ing

load is sirnpl l '  a length o[ l ine n' i th

ru movable tern)inatiolt ;  i t  l )crmits
the phase ang^le of the r.oltage rc-

I lectecl by thc loltcl  to be variecl 'rvi th-

oul cirangirrg the m:rgnitut lc of the

re f lec t ion .  I i1  rn : rn ipu la t inc  the

l r l r r s e  o l  t l r e  l , l t t l  l c f l e t  l i o n .  i r  i s  1 , o * -
siblc to sel)rr i l tc the voltage ref lectecl

bv the loarl  {rorn the vol lasc re-

f lectct l  bv the cler, ice uncler test.

By terrninating a tu,o-port ( levice

in :r sl iding loacl,  loai l-rel lect ion er-

r-()rs ciur bc el inr inatecl frorn the re-

sults of the s\, \ ,cl) t  S\\IR-r lcasuritrg

technique clest:r ibecl in this lLrt iclc.

The sl ir l i rrg load is ntt :cl tutr icrt l ly

l i t t l : t ' t l , o  , l 1 s  5 l o l r c t l - l i n c  (  i l l  I  i r l g c .  s o

the  t l i s t l rncc  bcn teen thc  s lo t tcd- l inc

l r l o l r e  : r r t r  I  t  l r c  r l  i r l  i n g  t c t  r t r i t t n t  i t r r t  i s

c r o u s L x l ) t . ' r  T l r i s  k e e l r s  a  ( l o l i s ( l l l l L

ph lLse  ane le  bc t rveet t  t l i e  inc i t l c r r t

r 'o l t : rge  I i ,  : t  r r r I  t l re  l l l r t  t  o I  t l t c  r -e -

s  J  K  H u n t O n  a n d  W  B  W h o l e y ,  " T h e  ' P e r f e c t  L o a d '
a f d  t h e  N u l l  S h i f t  - A i d s  i n  V S W R  l v l e a s u r e m e n t s , "
Hewle t t -Packard  Journa l ,  Vo l  3 ,  N0 5  6 ,  lan  Feb ,  1952

6 B  0  W e i n s c h € I ,  G  l l  S o r g e r ,  S  I  R a f f ,  a n d  J  E
Eber t ,  n  C0ax ia l  VSWR lv leasur€ments  by  Cou
p l e d  S  a d  T e c h n i q u e , '  I  E E E  T r a n s a c t i 0 n s  0 n
Ins t rum and l \4easurement ,  Vo l .  l l v l  13 ,  N0.  4 ,
D e c € m b e r , 1 9 6 4

STEPHEN F. ADAM

Steve Adam studied mechanical

and e lec t r i ca l  eng ineer ing  a t  the

T e c h n i c a l  I n s t i t u t e  o f  B u d a p e s t ,

Hungary .  He ho lds  a  degree equ iva-

len t  to  an  M.S.  in  e lec t r i ca l  eng i -

neenng.

Steve joined the -hp- Microwave

Division in 7957, after several years

as  a  research  and deve lopment  en-

g ineer  in  Budapest .  A t  -hp-  he  con-

t r ibu ted  to  the  des ign  o f  the  532 '

series Waveguide Wavemeters and

the 382-series Rotary-va ne Attenua-

tors, and was project supervisor for

the 5364 and 5374 Coaxial Wave-

meters and the 8491A, 8492A, and

3544 Coaxial Attenuators. He has

severa l  pa ten ts  pend ing .  He is  now

an eng ineer ing  group leader  in  the
-hp- Microwave Laboratory and has

respons ib i l i t y  fo r  the  deve lopment

o f  a  number  o f  pass ive  components .

S teve is  a  member  o f  IEEE and an

instructor of microwave electronics

at Foothi l l  Col lege. He has recently

been elected to the Board of Direc-

tors of the Bay Area Counci l  for

E lec t ron ics  Educat ion ,  an  adv isory

group made up o f  representa t ives

of  nor thern  Ca l i fo rn ia  co l leges  and

indus t r ies .  "Among our  p resent  e f -

forts is a program for improving the

mathemat ics  background o f  h igh

schoo l  g raduates  in  o rder  to  p rov ide

our  eng ineer ing  schoo ls  w i th  more

capab le  f reshmeni '  he  says .

ffiff.*e*t $'q:r."

The f reouenc ies  o f  Nat iona l  Bu-
reau o f  S tandards  HF s tandard
b r o a d c a s t  s t a t i o n s  W W V  a n d
WWVH and VLF stat ion WWVL
wil l  cont inue to be offset -300
Dar ts  in  10ro  f rom the  Un i ted
States Frequency Standard dur-
ing  1967,  as  they  were  in  1966.
The offset enables the broadcast
1-second t ime in te rva ls  to  ap-
prox imate  the  UT2 t ime sca le  1 -

s e c o n d  i n t e r v a l s ,  w h i c h  h a v e
been lengthen ing  because o f  a
v e r y  s m a l l  r e t a r d a t i o n  i n  t h e
earth's rotat ional speed. The off-
set is determined by the Bureau
In terna t iona le  de  I 'Heure ,  under
t h e  I n t e r n a t i o n a l  A s t r o n o m i c a l
Un ion ,  fo r  the  purpose o f  coord i -
na t ing  s tandard  t ime and f re -
quency broadcasts on a world-
w ide  bas is .
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( u )

(1, )

Fig.4(a) .  Typical  pat tern lor  sr le pt  SWII  t r t t : rLsurr tntenls ctr t

s lot ter l  l ine rLt i th f ixed load (b)  SWtl  p( l t tern t 'or  sorr te

slotted line tui.tlL sLitling loucl. meclLa.n.icall.y l.inhecL t.o slotte:d-

l ine carr iage.  L inh. i r ts ;  loot l  u.nd car r iage el i rn ina. tes load

tnisntatch errors.  Vert ic t l :  0.5 dB/urt ;  Hor izontal :  8.2 to

12 .4G l I z

l l c<  tc t I  r . ' o l t ; rse  ( luc  to  Lhe s l i r l i r rg

Lrarl  ( I ' i ,  ) .  
- fhc 

rvit l t l r  o[ t ]rc ost i i lo-

s ( o 1 ) e  l ) : r t t c f r r  i s  t l r c r r

, . . . . .  I ' . ,  1L ,1+ l l i , 1|  ( ) ( r. .D , , lE ,  
*E ,  l _ lE , l

where E,, is the r. 'oltage rellectecl by

thc tlcl ' ice unclci ' tcst. II, as is usua-[.ly

the c:rse,

l L " l  <<  lE '1 ,

t l ren t l ic l ' idt l i  oI the osci l loscoire

l )u t te rn  i s  t luc  Pr i r t t iPa l l y  to  L , ,  a r l t l

is :rn erc:cl le ut rr l) i )roxi l l lat iclr t  to the

S\' \ 'R bcine nteusut 'ccl.  Tl ic pl inci-

p : r l  e l [e r : t  o f  the  ]o l r r l  re l l c< ; r ion  is  to

l t io l ' c  l l l c  en l i re  l ) l r  t te r l l  uP i lnd

clol 'n; thc el lcct of l i , ,  on t lre wiclth

o f  t h e  p r r t t c r n  i s  n c g l i g i b l e .

J -he  osr i l loe la t t t s  o [  I ig .  4  show

lro'n rnuch ther rvidth of the osci l lo-

scoPc Pil t tcl 'u rhlrtrges 'w'hen a sl id-

ing loacl is i inketl  to the slotted-l ine

r : r t  t  i l r q c  i t t s l e : r t l  r , r l  r  t  r t t l r i r r i t t g  s t a -

t ionary. T'his changc rePrcscl)ts :r f l

i n r l ; rovencnt  in  the  ar : r :u racy  o [  the

n lc lsu lcn le r l t .  In  F ig .  4  Lhe meas-

urcrl  S\\ 'R \r ls t l le r-csidual S\\ 'R oI

thc sloLtecl l ine anci i ts cottnectors.

\ \ ' l r e l r  t I r e  l o : r r l  ; r r ) ( l  ( : r r l ' i i r g e  \ ^ ' c l c

l inkcd ,  thc  a1 ;pr r le t r t  S \VR i l  12 .4

GFIz  char recc l  f ton t  roug l l l ) ' 0 .35  dB,

o r ' 1 . 0 1 ,  t o  l o u s h l y  0 . 1 5  t l l l ,  o r  1 . 0 2 .
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