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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 th an vol tage-sensing
input  ampl i f ie r .  Decreased
noise and wider bandwidth
are direct benetits of this ap-
proach.

l \ s i l ( t  
\ t L \  |  \ l t ( ) N  t . \ t ' t .  R l . ( 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 o p l r i s t i c r l e t l  n r e c h -
: r n i s n 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 -
cise tape speetl ,  antl  to recor<l ancl
reprorluce signals r,r ' i thout excessive dis-
tort ion anrl noise over r.r ' i r le bancl-
wiclths. ComPlcx tape transport mech-
:rnisuts :rre costl ; ' .  Sienal circuitry cle-
s ignec l  to  ln in imizc  c l i s to r t ion  a lc 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 -

ir l icat ions often bccomes c:omplicatecl
anrl  sener-al ly inclrrt les a large number
ol conponents.

,\  r :rxrpletely r l i f lc lent apirroach to a
magnetic t tr l)e sjvstclr has becn usecl in
n ler,v 1.5 NIHz tape recorcl ing systern,
Fie. l .  The leprotlucc hcatl  leeds a lo'u"
ir t t  petlanr.e preampli f i  er- lr , ' l r  ich senses
c u r r e n t  r a t h e r  t h a n  r , o l t a p ; c . ' I - h i s
scherne irnlrroves the noise lrerfornr-
ance o[ the sYsLenr, PermiLs gre uter f le x-
ibi l i t ,v of t lesig^n and recluces t lrc delete-
r ior,rs el lects o[ l ieacl r ' r 'car ' .  Aurul i f iels
r l e s i q r r e r l  f o l  t l r i s  s \ s l ( . l n  r r s e  I r r l e e
ar]rounts o[ leeclback, rcstr l t ine in iorv
cl istolt ion rvith less than l ial [  rhe nunr-
b c t '  . - r l  t r : r r t s i \ l u r s  u s ( ' ( l  i l )  l ) r ' ( . \  i ' ) l l s  \ \ s -
l e n 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 \ -

Fig.  1.  Lou- i rnpedance preampl i f iers
userl in the neu -hp- 3950 Series Tnpe
Recorders sense current oulput ot' the
reproduce heads instead of uoltoge. The
result is a signal-to-noise ratio ot' greater
than 30 dB f ront 400 Hz to 1.5 MHz, and
a greater  design f lex ib i l i ty  permit t ing
iou, ter  system cost ,  whi l .e nta inta in ing
high pert'ormance. 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 provitle 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 reclucecl by
about 60fi , ,  i ts yrcrformance ancl ease
of usc have improvecl.

Thc machine is avai lable in the two
rnost common con{igurirtions used for
analog recorcl ing. One is Direct, which
in principle is thc same as ordinary
horne recorcling, :rncl the otlter is FlI.
In the Direct 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
using starrclanl l '1- inch reels.

In the FN'I l , Ior lc, the banrlwi<lth lor
:r gir.en playing t irnc is about 2l1l{,  of
that oI the corrcsponcl ins Dircct rna-

c :h ine ,  bu t  I i l \ [  recor i l ins  e l im ina tes

tape-r:ausetl  drol-routs ancl also has the
r:ayr:rbi l i ty of passine rk:.  Fis. 2 shows
the r,arious banchlicl ths anrl  lecording

tirlcs of thc ner'rr 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 lcYels.

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 -

@  r e w r r t t - e a c x n n o  c o . ,  t s e o
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tor to t l ie lecor( l  i l r l l l ) l i f ier,  Fie. 3. 
' I 'he

or,rt l )ut of t l re recorrl  ampli f ier goes to a

f lrrx equalizing l i l ter rvhich boosts the

hieh-{ l 'eclucncy errr l  of the batt<I, corn-

l )ensat ing  fo r  l te : r t [ - r 'ausec l  h igh- l rc -
( luency losscs. Output from the f lux-

eqr.ral izine f i l ter is mixecl l inearly lvi th

t l re  b ias .  T l ren  the  cornb ine t l  s igna l  i s

ferl to the lecorcl heatl.

l l i : rs is gener:rtecl bv u puslt-pul l  os-

ci l lator [ol]o' l r 'ct l  bv u b:r laucerl attr-

pl i l ier ' ,  provit l ing a 7 ' \ IHz bias sisnal

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

A(iC loop Irolr ls the bias level to rvi th-

in ly '  t tB resut 'dless oI loed.

It  is inpoltant that the bias clrf l 'el l t

be substanti i r l l ,v h'ee of even hat ' tnonics.

T'hey should bc r 'vel l  belou, 0. 17o of thc

funtlumental,  since the bias amirl i tucl 'b

is close to thc satul 'ut ior-r level o[ thc

tape. Consequently, evert haruronic cl is-

tort ion in the bias c:ruses clc magnetira-

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 c s

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

COVER

Record heads of  a complete 1.5
MHz magnet ic  head assembly are
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.

corclecl (informzrtion) signal. The push-

pul l  bias ampli f ier ret luces even har-

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

In arkl i t ion, t l .re bias is led throueh a

banclpass f i l ter before mixins 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 l r t - r -

nents irre cont:r inerl  in a single motlule

;rtcessible f lortr the front. Cables to thc

hcads :rre tenninated in their chalac-

te r is t i c  i rnpedance.  Thus  i t  i s  no t

necess:l ly to nount the bias clr iver acl-

. jacent to the he:rt ls, since the cable ca-

par: i tance r loes not load the bias source.
The meter anrpl 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 tch

permi ts  mon i to r ing  s igna l  ieve l  o r

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

FREQUENCY

(r20 rPS)
(A)

F'ig.2. Frequency response in the FM mode and Direct mode

ctt d tope speed ot' 120 ips (a) and 3/a ips (b). In the FM

ntorle, bandwidth is exchanged for dc response and lreedom
t'rom dropouts.

lZ.5kF'z 47 kF'z

corcl moclules rnay be used in different

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

preampli f iers provicle a stable, low-
noise, lon'clistortion signal to the re-

prorluce ampli f iers. The reprocluce
ampli f ier moclule, Fig. 4, contains an

rumpli tude eqr.ral izer fol lowed by a
voltage ampli( ier, then a gain control
follorverl by an amplitude ancl phase
equalizer 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-
length equals tape speed divicled by re-
cordecl frequency) of about B0 microin-

I 
raoe

V

7 MHz B ias''T;ff:f 'r?,Tl!'"'

Fig. 3. Record circuitry includes a flux equalizing fiIter to
compensate for high-frequency losses in the record head.
One bias oscillator is used for each set of seuen channels in

the system.

3
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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

Reproduce
Preamplif ier Reproduce Amplif ier

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

- minimum number of components.

Output

l V r m s
into
75fJ

wavelengths. Because the ampli tude
equa l izer  causes  phase er ro r ,  phase
equalization is provicled. 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€nt
preamplifief.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 unwantecl unpreclictable peaking
in the passbancl.

Preamplifier signal-to-noise ratio 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 ion  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 systent re-
sponse illustrates how distortion har-
monics are accentuated relatiue to their

fundamental.

Gain
Control

MAGNETIC TAPE RECORDING
AND REPRODUCING

The most common method of recording
is cal led 'Direct: Very wide bandwidths can
be achieved in the Direct mode. In the
-hp- Model 3950 system, a bandwidth of
1.5 MHz makes possible wideband appli-
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 winding. This places the signal 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 intensity of the input signal.

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

Fringing f lux

Cross-sectlon of the recotd p/ocess. fhe
tringing tlux penetrates the coatinE
and, as the tape moves across the gap,
/eayes a se/.les of magnetized segrnenls

reptesenting the recorded signal.

shunted across i ts gap, a magnetic f lux is
es tab l i shed in  the  core .  As  the  tape
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 Ite:rcl  resistance

;rncl incluctatrce, ancl t l tus shapes t l ' re

t 'esol l l l l lcc cufve so t l ' rat thc pt 'e;rrnPli
Iier sees lhc optimtun source itnperlance

over a rviclct '  frequency rarrge. This res-

onance has no effect on the signal re-

s l )onsc .  l t  on ly  causes  the  no ise  re -

slx)nsc of thc st 'stern to diyr over this

r t i r l e 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

tu|ne11 to adl,antage.

LOW DISTORTION AMPLIFIERS
'l  

he t l ,pical leproclucc equalization

r:tr lvr: ,  Fig. 6, shorvs that i f  a signal is
( 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  lue  acccr l Iu2r ted  bY the  er lua l -

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

: r rnp l i f i cd  on lY  a l rou t  one- th i r ' (1  as  mt tc l t

:rs :r  1.5 II I Iz sig-na1. l 'hcle[ot 'e, t l ' re

I t r rc l r r r ren t : r l  o f  r r  750-kHz s igna l  l ' i th

sccor r r l  harnron ic  d is to r t ion  ( t l - ra t  i s

l i t l r  an  Lrn t les i le r l  1 .5  \ IHz  co tnpo-

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

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

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

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

I i c l  bccoures  3 t l i ,  d is to l t io t r  a 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

lec:olr l  :rnt l  rcpt orluce lcvcls, tel l 'ocluce

anrp l i f ie l  r l i s to t ' t ion ,  inc lu t l ing  t l te  e r -

cess  nr : rgn i f i t  i r t ion  ( lue  to  the  e( lu l l i re r ,

i s  t r . p i c r r l l v  b c l o l ' 0 . l f i , .  T l t i s  1 o n ' c l i s -

tol ' t ion is achieled thror.rgh thc usc o[

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

rvith [cct lbu< k lr lourrr l  t l te sevet 'al t t 'atr-

s is to ls .  - - \  bo t rus  o [  t l r i s  des ien  is  t l ra t

onlr '  f i f tcen tt-atrsistot 's at e re t l tr i let l  pcr

ch l rnnc l  inc iu r l ing  n tc to  i r tg - .  ins te : r t l  o f

t l rc  usua 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

electlor r ics.

TAPE TRANSPORT

T ' h e  p a l u r t r o u n t  o b i c c t i v c  o l  : t n v

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

lolnr slreccl,  both on i ln :rvel ' i ige anrl ott

: rn  i r rs t : r l r t : r r re ( )us  l )as is  l ) l s t  the  hea( ls .

Othc l l . i se r ,  t iu rc  r l i sp l : rccure  l l t  e r ro r ,

lo ise ,  levc l  s l r  i f  t  s  l rn r l  gc t tc t ' l t l l r  e  l ' t  i r  t  i (

lecor<l ing- untl  lcplot l tr< t  ion l  i l l  r 'csult .

Rugget l t ress  r t r rd  h igh  l rc t - lo l t t r : tncc
lnvc  bee n  r r t  h ievc< l  bv  s i rn l r l i [ r  ing^  t l rc

ta l )c  t l1u ls l )o | t ,  I r ig .  7 .  H ieh l r - t la rn l re t l

svnchronous rno to fs  t l l i l c  t l r c  ( : l l ) s t i t l l ,

cl iminating t l ic necrl  l 'ot t  ott tple r serlvo

svsterns. , \  total of Llrt-cc tnc< hanic rt l l r ' -

Fig.  8.  Pr inte noise sources and f i l ter  e l .entents o l  the

tape clritte (a) are shou:n i.n its electrical analog (b).
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Head Scrape Flutter
Noise Vol lages

Midpornt
belween

neaos

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

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

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

nu r l l \ ' .  s t xn ( l i l r ( l  t i 0  l l z  po rvc t '  i s  s t r l l i -

r  i t  t t t l r  : r ( (  l l l . r l (  f o t  o t t l i l t ; r t \  ( , 1 ) (  l : l l i ( ) t t .

(  ) t l r c r  r t i r t ,  : r  t i l )  H z  I l ( ' r  i \ i , ) l t  l ) r , \ \ ( ' l
s r r pp l r '  s l i o t r l c l  bc  t t s c r l .

. \  nov t ' l  s \ s t cn r  o I  r ne th : t t r i t : r l  l t r - r r k

i n g  i :  u \ c ( l  r r l t i ,  I t  t r u r i t t t : r i l l s  r  o n s l i t l t l

br ' : rk ing tcnsion on the recls regai t l lcss

120 Hz Capstan
Motor Cogging

Take,up Reel
Mass

Take-up Reel
Noise Voltage

o[  u 'eur  o [  thc  b l l rk ing  mate t ia ls  o r  the

toc f l i c ien t  o [  [ r ' i c t ion .  ] lo to r  to rque is

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

i rr  l t l l  nrot les ol opet 'r t t icrt ,  iustt l iug an

clcn tr i)c p:rc:k otr l-roth t lre strpph'antl

t lLkc-up  ree ls ,  a l l ( l  co l l s t : In t  p ress t l re

l tg r r ins t  the  l te lLd .

lJecr r  use  po \ \ 'e  r  d iss ip r r  t ion  in  the

trulrsi)o|t  has bceu l-eclurecl br cl imi-

nuting^ thc necrl  [ot 'cornl-r lex scl ' \ 'o sYs-

Fig.7.  A s intp le open loop tape dr iue,  pernt i ts  easy threading of  the tape.

Tape Compliance

Flutter Roller

Tape Compliance

Fluid Coupled
Dual Flywheel



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 i l
I  lV ischa Schwar tz ,  In fo rmat i0n  Transmiss ion ,  l \4odu la t i0n ,  and N0 ise ,
McGraw-Hill, 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

amplitude are generally 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
all elements of the tape path, includ-
ing the heads, as the tape scral)es over
them, Fig. 8 (a). These taps pg11lr1f2-
tions are called flutter. An electrical
analog of the tape path may be deriverl
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. livo power
supplies (reels) are in paral lel,  anrl  the
ripple is filterecl at rhe center notle be-
tween them which corresponrls to the
center point between the heacls. Vrri-

ous circuit elements provide low-pass
filtering to permit uniform tape veloc-
ity past the heacls (voltage at center
node), shiekline 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 ripple to'eroundi and the com-
pl iant arms block perturbations even
before they reach the flywheels. The
flutter roller 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 -

corcler is in real i ty several dist inct in-
struments, i t  is necessary to insure that
all channels are ol)erating properly
antl  that al l  o[ the controls are easi ly
access ib le  to  the  o l )e ra to r  f rom t l te
front panel. A meter in eaclt  channel
usecl to monitor recorrl level also rlou-
bles as a bias presence inrl icator. Re-
cordine without bias is nearly equiva-
lent t<; not recordina at al l .  There-
fore, with an indication of bias pres-
ence and the recort l  signal at l justed to
t l re  ; r ro l re r  leve l .  t l te  openr ror  i s  l rs -
sured that the recorrl  dtannel is in
ol)eratior.l. A single meter in the repro-
( luce system can be switched to each

channel to check the reprocluced signal.
All 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 f ront the lront
panel. A three way teeter-totter mech-
anism (b) disconnects any other equal-
izer automatically when one is pressed.

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

MODEL 3950
MAGNETIC TAPE

RECORDERS

Tape Transport
Reel Size: 10% to 15 in.

Tape Wldth and Thickness: y2 or 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. Forward, Record, Speed (6),  and Power'

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

Start  Timer Wiihin speed l imits in 6 seconds;
f lut ter within specit icat ions in 1O seconds
m a x i m u m .

Rewlnd Time: Approximately 4 minutes for 9200
ft . ,  4% minutes for 10,800 f t ,

Drive System: Open loop, damped.

Total  Interchannel Time Displacement Error
(stat ic and dynamic):  : l  1 ts at 60 ips'  + 0 5
!s at 120 ips between two adiacent tracks
on same head stack.

tf:rnsl)ort rnech:rnism also is rernovable

Irom the f lont. Al l  of the arnpl i f iers

?rfe on Pfinte(l-circuit  boarcls and al.e

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

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

surinq that al l  cf iannel l)arasit ics are

equal, ( lo not vary, ancl are the samc

lor any lnachine.

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 specrl changes are made

possible by a threc-way teeter-totter
rncchanism. \\1hen the push-bar on one

eclual izcr is t lepressecl, the previously-

connecterl  equalizer is automatical ly

disconnected, 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. Connectioi ls ar-e made

through high-pressure sl ir l ing contacts

ensurins depcntlable s' lvi tching, even

in a hosti le environrnent.

TEST SIGNALS

Test inputs are locatecl on the frolt t

of the recort l  main frame. 
' I i r  

apply a

test signal to a track, the signal is con-

T a p e  S p e e d  T i m e  I n t e r v a l  J i t t e r  P - P
l n i h e s / S e c  M i l l i s e c o n d s  M i c r o s e c o n d s

t20 0.1 0.3

nectecl to the lest jack antl the appro-

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

data signal input is rentoved antl  the

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

p l i f ie r .  Thc  ou tpu t  tes t  po in ts  I ro rn

the reprocluce ampli f iers are sit t l i lar ly

avai lable at the front of the systen).

Therefore, it is possible to cl'reck al]

channcls frorn the lrotrt  Danel.
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N lagnc t ic  heat ls  fo r  the  -hp*  3950

Magnetic Jlrpc Systenls are tnattt t lac-

ture(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 rdncr ,

anr l  by  R i r :ha t l  C .  S innot t ,  consu l tu t r t .
- ( )c rn l .d  L .  A i t t suor l 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 0 0 0  o h m s , 7 0  p f ,  u n b a l a n c e d
to ground.

Output Level:  Up to 1 vol t  rms into 75 ohms.

Outpul lmpedancel 75 ohms, unbalanced to

Srouno.
Harmgnic Distort ion: When recording at the nor-

m a l  l e v e l  ( 1 %  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 lzT" of s ignat

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 '
cator Switch, and Bias and Input Test
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
Points.

Signat Connectors ( input and output):  BNc fe"
m a l e .

Pricesi l

Reel
-hp- size
Mode l  (max.  in . )  T racks

3950A 15 14

39508 15 7

Di rec t
Systems,

1.5 NlHz

$19,700
$13,350

Pr ice
Flv

Systemsr

dc to 20 kHz

$21,030

$14,01s

systens at aboYel .  Standard features i [c luded in al l

,l ' ifif;* on all record channels.
b, Meter switclred in each reproduce mainframe.
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 o{ high qual i ty instrumentat ion tape and empty

r e e l .

2.  With a ful l  set 0f  reproduce as wel l  as rec0rd ampl i-
f iers.  Direct rec0rd ampl i f iers 0perate at al l  s ix speeds.
Above pr ices include speed-related netw0rks t0r any
t h r e e  s p e e d s  f o r  a l l  D a 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 p r o d u c e  a m p l i f i e r s .

3. DC to 400 kH2 wideband FM opt ional ly avai lable.

MANUFACTURING DIVISION:
- 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 ,

Palo Alto,  Cal i fornia 94304

Prices f .o.b. factory

Data subject to change without not ice.

Flutter:
Speed

120 tPS

60 IPS

30 IPS O-1.5 kHz O.sY"
G-5 kHz O.AY"

* l f  ex0ressed as RMS f lut ter,  the values would be y6 t0
%  o f  t h 0 s e  l i s t e d .  P r o o 0 s e d  1 9 6 6  r e v i s i 0 n  o f  l R l G  1 0 6  6 5
s D e c i l i e s  t h a t  { l u t t e r  b e  w i t h i n  s t a t e d  p e a k  t o - p e a k  l i m i t s
9 5 %  0 f  t h e  t i m e ,  0 n  t h i s  b a s i s ,  v a l u e s  o f  f l u t t e r  a r e  s u b
stant ial ly lower.

Time Ji t ter:  The random j i t ter in the reproduced
s i E n a l  b e t w e e n  a n y  t w o  e v e n t s  i s  t y p i c a l l y
w i l h i n  t h e  f o l l o w i n g  p e a k - t o - p e a k  3  s i g m a
fimits ( i .e. ,  99.7Y" ot the t ime):

Bandwidth Flutter (p-p)"
0*200 Hz O.2Y.
G-1.5 kHz O.3Yo
O-10 kHz 0.6o/"
0-200 Hz O.zok
O-1.5 kHz O.3Y"
O-10 kHz 4 .6%
o-20O Hz o.2oA

120 I
50  0 .1
60 1
30 0 .1
3 0 r

1 . 5
0.4

0.4

Tape Interrupt ion Sensing: Tape breakage or
e 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 tensioning arm to stop the t tansport .  l t
is unnecessary to prepare tapes with markers
before use,

B r a k i n s :  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
modes.

Maqnetic H€ad Assembly: The head assembly
r i e e t s  I  R I G  d o c u m e n t  1 0 6 - 6 5 ,  P a r t  6  i n c l u d i n g
mechanical  geometry,  numbering, azimuth,
and polar i ty.

Tracks; 7 tracks on r/z in.  and 14 tracks on I  in.
wide magnetic tape-

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 :

t9.2'o/o ot nominal capstan speed with
I.0 mi l  tape. Speed proport ional to l ine
freq uencv-

47 to 63 i{z Line Frequencyt 7 O.25ok ol
n o m i n a l  c a o 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 Stable AC Power Source; t0.02ol"
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
3681A Tapespeed Servo, meets I  RIG 106-65,
Sect ion 6-3.6.3.

Tap€ Footage Counter:  5 digi is,  tO.Os% ac'
c u r a c y .

Direct Record/ Reproduce System
Freguency Respmse:
S o e e d  M a x i m u m
a i o s )  B a n d w i d t h -  S / N  R a t i o * *  R i s e  T i m e * "
1 2 0  0 . 4  k H z - r . s  M H z  >  3 o  d B  <  0 . 4  p s

60 0.4 kHz-750 kHz > 29 dB ( 0.8 ps
30 0.4 kHz-375 kHz > 29 dB ( 1.6 Ps

" t3 dB 10 kt l !  10 upper band edge; t4 dB 0.4 kHz t0
upper band edge,

" .  S i g n a l  t r e q u e n t y  a t  0 . 1  x  u p p e r  b a n d  e d g e ;  r e c o r d
l e v e l  a t  l o l "  3 r d  h a r m 0 n i c  d i s t o r l i 0 n  0 n  t a p e  u s i n g
- 1 8  d B l o c t a v e  t i l l e r  2  d B  d o w n  a t  b a n d  e d g e .

- . ' f u n d a m e n t a l  o l  s q u a r e  w a v e  a t  0 . 1  x  u p p e r  b a n d  e d g e .

E q u a l i z a t i o n :  E a c h  a m p l i f i e r  w i l l  a c c o m m o d a t e
i h r e e  e q u a l i z e r s  t o  m e e t  r e q u i r e m e n t s  o f  l R l G
standard 106-65.



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 preamplifierl
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-
plifier 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 u,' i th 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 : l

sisnal attenuation is founcl to occur
at higher frequencies due to eclcly
current cffects in the core of the
head.  These,  toeether  r ,v i th  gap
losses ancl other effects, recluire acl-
dit ional high-frequency colnl)ensa-
tion.
t  Pa ten t  aoo l 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

flux through the head. The Norton

equivalent circuit  to Fig. l(a), the

current equivalent model, is shown

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

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

:rse of f ig. 1(a). T-he sign:r l  current

i" from the famil iar LI - n4 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 chanee of

f lux. Inspection of the current rnocl-

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

the use o[ a lolv- input imperlance

ampli f ier achieves a number of cle-

sirable features.

A;-n
f"ar + *;;:::,rt___l___1

Zinot
preamp

Z , n o t
preamp

Fig. 1. Brzsic equiuaLent circuits ot' the
head. The uoltage equiL;alent model is
shown at (A) and the curuent equiu-
alent model at (B). Losses are de-
tailed in the cument equiualent head

model (C).

Ol

Oln+
T L e,"

(B)

l
T

L c

(c)
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FREQUENCY +

Fig.2. Frequency characteristics compared for uoltage

and current models. The current m.odel does not haue

the rising characteristic of the uoltage model, but is flat

t'or lower t'requencies.

turns, and contrary to the usual ap-

proach, makes it 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-

timizing the signal-to-noise ratio. In

the -hp- systems, the head induc-

tance, cable parasitics, and input

circuit parameters have been chosen

to maximize s ignr l - to-noise mt io.

-Arndt B. Bergh

gl

U

l
F

F

=
E.

o 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 tase  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  2 i , , .

Thercfore, lvi th a low-imperlance

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

equ iva len t  cur ren t  genera tor ,  i " ,

ancl wi l l  not exhibit  the typic:r l  6

t l ts/octave r ising characterist ic and

head impedance in f luences  founc l

with voltage ampli f iers. 
' I -his 

also

means that the signal ampli tucle is

essen t i a l l y  i ndependen t  o f  t ape

speecl, an important factor in am-

pl i f ier  design for  mul t ip le-speed

taPe systems.

Elimination of the 6 dB/octave
characteristic means that low fre-
quency equalization is no longer re-

quired (Fig. 2). But hieh-frequency

a t tenua t i on  i s  more  seve re  and

greater equalization is required to
compensate for the high-frequency

losses.  (However,  h igh- f requency

equal izat ion is  needecl  lv i th  both

vol tage and current  1; reampl i f iers
to compensate for high-frcquency

attcnuation 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 proportional to

nr, it is al)parent that the sisnal cur-

rent is inversely prol)()rt ional to tl.re

number of  turns in  the winding.  Ex-

lrcrimentally, signal amplitucle cloes

inc leed  i nc rease  w i th  dec reas ing

ARNDT S, BERGH

Arne Bergh ioined -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 428A and 4288 CliP-on Mil '
liammeter. He was in charge of the
development of the Magnetometer
and large aperture current Probes
for the 4288 Clip'on Mil l iammeter
probes. He also worked in the de-
velopment of an ink tester used to
determine magnetic content of ink
used on bank checks. Arne received
his BA degree from St. Olaf 's Col-
lege in 1947 and his MS in Physics
from the University of Minnesota in
1950. He holds several patents, has
several pending, and is a member
o f  IEEE.
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Wideband
Cavity-type
Goaxial
Frequency Meters
A d iscuss ion of  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 on  sys tem
which is more accurate (and more
expensive)  than a 0.1/o system.
There are many other  s i tuat ions in
which 0.lfo frequency measr.rre-
ments are sufficiently accurate, and
in these situations the best fre-
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,
uthich are 0.96 GHz to 4.2 GHz and 3.7 GHz to 12.4
GHz, respectiuely. High-resolution spiral scales haue

tracking errors less than n0.17o.

'Iwo 
cavity wavemeters have been

cleveloped by the -hp- Nlicrowave
Division for measuring frequencies
in coaxial systems. Although these
units have both been in procluction
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.

The  coax ia l  wavemete rs  a re
s imply cal ibrated tunable cavi 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 clial
on the wavemeter. Tirned off res-
onance ,  t he  wavemete rs  a re  j us t
transmission lines, 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
tl-re typical measurement setup of
Fig.  l .

The two wideband -hp- coaxial
\,vavemeters (Fig. 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

O(

Fig. I. Typical of the many uses of cauity frequency meters
(wauemeters) is that shou,tn 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 =l/o for signal-generator dials and markers.

1 0



unit. Ca\rity Q's are 1500 to 4000 in
the low-frequency version, ancl 1200
to 2000 in the high-frequency ver-
sion.

Frequencies are rearl cl irectly and
with high resolution from the spiral
scales of the two coaxial \\raveme-
ters. The scale of the 4.2-GHz'rr'ave-
meter is 180 inches long ancl has cal-
ibration 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
long  an r l  has  l 0 -MHz  i r r c r  emcn ts .
Calibration mirrks :rre rnore thalt
1,6'l inclr apzlrt, even at 12.4 GHz.
Both scales read accurately within
+0.1a/o.  The extreme resolut ion
ancl reaclability 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 showing 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 these osci l lograms, is greater
than 2000. (a) Wauemeter not tu.ned
exactly to 8.4 GHz. (b) Wauenteter
tuned to 8.4 GHz. Horizontal: 10
MHz/cm; Vertical: linear in potDer.

Fig. 4. Simplified cross-sec-
tional uieut ot' Model 5364
Frequency Meler. Cauity
is tuned by mouing plunger
up and doutn. 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 w e e n
plunger and cauity ualls
at point indicated. Model
5374 cauity is similar, but
uses contar ' l ing ftngers in-
stead ot' choke section to

produce sl iding short.

can be repeate(l  with errors much

snral ler than 0.lcf, .  There are no
sPurious responses at any cl ial  set-
t ing, and t l-rere is virtual ly no back-
lash in the tuning 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 (Fig. 4). Each wave-
rne t -e r  i s  runet l  by  mov ing  a  center
conr luc to r ,  o r  p lunger ,  a long the
axis of the cavity, thereby changing

the effectir.'e length of the caviry.
One of t l ' re cri t ical problems in the

development of the wavemeters was

tha t  o f  ach iev ing  a  sooc l  s l i c l ing

short between the plunger ancl the
upper  end o f  the  cav i ty .  In  the
lower-frequency 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 hisher frequency
version, cont: lct ing f ingers are used

instearl of a choke scction, and prob-

lems of rough tuning, low Q, ancl

excessive 'rvear have been avoiclecl

by choosing the proper materials,

surface fir.rish, anrl fineer eeometry.
To increase the bandwirl ths of the

rFor  an  in t roduc t iOn t0  choke coup l ings  see G.  C.  South ,
wor th , 'Pr inc ip les  and App l ica t i0ns  o f  Wavegu ide  Trans-
miss ion , '  D .  VanN0st rand Co. ,  Inc . ,  New York ,  1950.

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 .  4 ) .  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 end of the band is
approached, the plunger Irenetrates
closer to the steppe(l-<lown section

and the cavity becomes a quarter-

wavelength cavity loaded'n, i th a ca-

pacitance.

Energy is coupled into the cavity

by means of a well-matched section

of str ipl ine located near the stepped-

rlor 'r 'n end of the cavity. Placing the
coupling section near the steppecl-

clown part of t l ' re cavity causes the
coupline to be higher at low fre-

quencies 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 frequencies helps corn-

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

frequen<:ies, thereby making the re-

sPonse of the wavemeter at reso-

nance more nearly the same at al l

cavity sett ings.

1 1



MECHANICAL DESIGN
A s i r r r l r l e  bu l  p l e r  i se  m ic ro rne te r ' -

type lcacl-screw clrive positions the
plunger of the low-frequency \\rrve-
meter to r,vithin -+0.0003 inch anrl
r l r r t  o f  t l r e  l r i g h - l ' r e q u c n ( v  \ o r i o n
to within +-0.0001 inr:h. 

-I ir 
irrsure

that these tolcranccs u'i l l  be main-
tainecl after lonp; usc anrl over lvicle
tcmpcrrture i 'anges, nraterials have
been chosen n'hich havc coml)atible
coefficients of expansion anrl high
\ re : i l  r e ) i 5 t l r nce .  f [ : r x i r n ( i l l l  l c rn -
perature coef f ic ients betr , l 'een 0oC
ant l  55oC are only 0.0016f ; / "C for
the lourfreqlrenc\' \'vavemeter, and
only 0.004i,o/oC for the high-fre-
quency unit. Typical axial l 'r 'ear of
the leail scre\,\, '  asselnbly is only
0 .0001  i nch  a f t e r  10 ,000  cyc les ,
equivalent to a frequency shift of
one part in lOa at 4.2 GHz (low fre-
quency version) and 2.5 parts in l0a
at  12.1 GHz (h igh f requency ver-
sion).
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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:  536A,  0 .96  GHz to
4 .2  GHz;  537A,  3 .7  GHz to  72 .4  GHz.

Df  AL ACCURACy:  r  0 . to /o  e :0 . Isah  to r
536A f rom 0 .96  to  1 .0  GHz) .

OVERALL ACCURACY (d ia l  accuracy  p lus

a l lowance o t  t -O.O2ok fo r  0  to  100o/o
r e l a t i v e  h u m i d i t y ,  - r O . O O 1 6 y . /  " C  f r o m
1 3 '  t o  3 3 ' C ,  a n d  0 . 0 3 7 i ,  b a c k l a s h ) :
- r0 . t7oA ( tO.22 ' / .  fo r  5364 f rom 0 .96
t o  1 . 0  G H z ) .

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 -

NANCE:  5364,  <0 .091 (1 .2  VSWR,  20 .8
dB re tu rn  loss) ;  537A,  <0 .33  (2 .0  VSWR,
9.5  dB re tu rn  loss) .

CALIBRATION INCREMENTS:  5364,  2  MHz;

5374,  10  MHz.
CONNECTORS:  Type N female .
PRICE:5364,  $500;  537A,  $500.
MANUFACTURING DIVISION:

-hp-  Mic rowave D iv is ion
1 5 0 1  P a g e  M i l l  R o a d ,
Pa lo  A l to ,  Ca l i fo rn ia  94304

Pr ices  f .o .b .  fac to ry
Data  sub jec t  to  change w i thout  no t ice .

fo r  t l - re  mechan ica l  c les ign  o f  the

iorv-frequenc,v coax i  al r^ '2lvcrr leter.

Kendall  G. Caldr,vel l  macle severrt l

contr ibutions to the f inal lorrn of

the high-lrerluencv coaxial \ \ i : tvelne-

ter.
-S tep l rcn  F .  Adam ar td

Ant l ton l ,  S .  Badsr : r

HIS note describes a sim;,rl i f ied

tes t  t echn ique  fo r  eva lua t i ng

ancl  opt imiz ing per formance of  a

step recovery cliode in a single stage

frequency multiplier.

1b optimize the performance of a

f requency mul t ip l ier ,  the general

procetlure is to tune alternately the

matching circuit to re(luce the re-

{lected power ancl to acljust the bias

ant l  output  cavi ty  for  maximum

l)ower out :rt i l  single frequency (see

Fig. t). Nevertheless, as the reflected

power is reclr-rcecl the bias must be

rea( l iusted.  Reacl justment  of  the

bias in turn requires further tuning

of the m:rtching circuit, ancl pos-

sibly the cavity. This back ancl forth

process continues unti l what is be-

lievecl to be optimum performance

is achieved. This coulrl be a teclious

and time-consuming proceclure.
'Io 

eliminate this di{f iculty antl to

fac i l i ta te opt imiz ing the per form-

ance of the multiplier, the bias is

appliecl from a I kHz negative

goine saw-tooth voltage generator

of lor,r 'output imiredance. This saw-

tooth bias is simultaneously applied

Input  at
f reqLency fn+

Bias Circuil
for Diode

i
Matching
Circuit

i
Diode with
Associated

Circuit

t
Cavity

I
Output at
irequency

n f o

Fig. l. G eneral f r equency multiplie r
block diagram.
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its f irst owner, Ernesto Uriburu, who
sa i led  i t  a round the  wor ld  four  t imes.
Says Tony: 'For a long t ime my wife
and I have had a desire to travel. We
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For Evaluating
Diode RF Performance

Simplified Technique

to sweep an oscil loscope while the
output  power is  being observed.
Fig.  2 shows an actual  test  setup
usecl to evaluate the hpo 0320 diode.
A 2301 hot carrier diode is con-
nectecl across the output of the -hp-

465,4 amplif ier to clip the positive
portion of the salv-tooth.

In practice the input power to
the multiplier is adjustecl by means

of the variable attenuator r,vit l 'r a 50-
ohm loiit l  temporarilv strbstitutecl
for the rnultiplier. 'I'he 

deflection
on the oscil loscope is calibrateil to
inclicate the clesired outl)ut l)ower
level. 

' Ib 
record the ex;rct output

power lnore accurate ly ,  the saw-
tooth is clisconnecterl by rneans of
the sr,vitch SW, and either the sel{

bias potentiorneter R or the bias
supply is arl justed to give the same
max imurn  dc { l ec t i on  i nd i ca tec l
r.vlren the bias was swept.

'I 'his 
technique ol t l isplaying out-

put powef vs. bias enables rapicl

evaluation of a stei) recovery cliocle
in a harmonic gcnerator {or max-

irnurn polver output. ln addition,

spectrurn breakup ant l  abrr , rPt
changes of por'r, 'er outplrt vs. bias can
aiso be easily observed if prescnt.
Furthermorc, sr,r 'eepine tlre bias per-
rn i t s  i ns tan t  cva lua t i on  o f  d i ode
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 ng  l r i r r s  r  l r r r ge  rn r l  r c t l u r  cs  t cs t  l  i r r e
r:onsirlerably. Fig. 3 is a photor,^ra1-lh
oI  an actual  d isp lay of  c letected
power out at 10 GHz vs. bias volt-

age. The diode being tested 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 condi t ion

u4rich woulcl not be reaclily appar-

ent if slvept bias r,vere not emPloyed.

The author  woul i l  l ike to ac-

knou'ledge the assistance of David

Jacoby lvho assemblecl the ecluip-

ment iln(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
pourer out of hpa 0320 multiplier at
10 GHz as a function of bias uoltage.
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l l
t l
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I

ht 4234-02
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I
-hh 5374

FREQ- MTTER

I
_hLtuqra_2n NARDA30458. l0* iiieNLirirbi * "3531,.".X 

,

i
-hp-478A

THERMISTOR
MOUNT

i
_hp_ 43 tC

POWER IV]ETER

-hp-431C
POWER METER

I
-hp-478A

THERMISTOR
MOUNT

I
-hp- 849 1 A' I 0
ATTENUATOR

-hp- 43 1 C
POWER I/ETER

I
-hp-478A

THERMISTOR
MOUNT

I
-hp- 8491A.10
AT'TENUATOR

hp. r  0120 SRD
FR EQI ]  ENCY
M U I  T I P L  I L R

I
I

WEINSCHEL DSIO9
DOUBLE STUB

TUNER

Fig.2. Bloclz diagram lor neu.t, simpler procedure f or optimizing pert'ormance
of a step recouery diode multiplier. Diode being tested here is hpa 0320.
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Swept-Frequency
SWR Measurements
in Goaxial Systems
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An impor tant  new swept-
t  req u ency tech n i  q  u  e per-
mi ts  qu ick and accurate
measurements of SWR in
coaxial sysfems up to 18
GHz.

foexrer- 
coMPoNENTs are Iighter

V and smaller and generally have
much wider banclwi<lths 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.'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, not 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.r  For tunate ly ,

there is  a new swept- f requency

I  swR <1.003 + 0.002 x f requency (GHz).  see tEEE
Transact i0ns on Instrumentat ion and Measurement,  Vol .
lM-13,  No. 4,  December,  1964, p.  285.
2 Hewlet t -Packard Appl icat ion Note 65,  'Swept Frequency
I  ecnn r0ues . '

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
lS-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.
I  G.  V .  Sorger  and 8 .  0 .  Weinsche l ,  'Swept  Frequency
High  Reso lu t ion  VSWR Measur ing  Sys tem. '  Weinsche l
Eng ineer ing  Company In te rna l  Repor t  90-117,  723-3 i66 ,
M a r c h , 1 9 6 6 .
a  Hen/ le 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 oscillator.

To permit the slotted-line probe
output to be displayed on the oscil-
loscope with sensitivities as high as
0.5 dBi 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
voltage output of the slotted-line

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. I

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
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-hp- 14lA
Oscilloscope

-hp- zl48A
Slotted Line

Sweep Adapter

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

a t  2  G H z  a n c l  1 . 0 6  a t  1 8  G H z .

Althor"reh an\ '  ()sci l loscope crtn be

trsecl 1or displal, ing the slotted-l inc

out i ru t ,  thc  var iab lc  l )e rs is tencc  an( l

storage fcattrre o[ the one sltolr, tr  i t l

Fig. I  is 1)art ictt l ; l f lv t tseful l lccrtt tse

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

rc:rr l  t l i rcct lv lrom t lrc cl isplav. I f  a

non-stof:rg'e osci l lostnlre is rrsecl,  the

S\\-R clata has to be photoelaphctl ,

using n t irne exposttre. 
' I ' l te 

s\\rel)t-

frcclucnc,v-inrl icator plug-in is l t lso a

grcat conl 'enience because i t  has ir

-hp- 809C
Carriage

Fig. 1. Eqtdprnent setup for swept-frequency SWR rneasurernents

described in text. XIethod is highly accurate lrom 2 GHz to 18 GHz.

-hp-- 14164
Swept Frequency

I ndicator

-hp- 86904
Sweep Oscillator

losal i thnrir:  r 'ert icaI amll l i f i  er r,r 'h ic:h

m:rkes i t  possible to read S\\rR di

lec : t l f  i r r  dB.

OPERATION AND THEORY

,\l though in openrt ion the slveep

osc:i l lator wi l l  be slvept intcrn:r l l -v,

the nerv S\\IR-rnc:tsurine technicltrc

can bc  exp la iner l  bes t  b ,v  1 lo in t ine
out rvhat happens at ;r  f ixed [re-

( luencv. l- ig' .  2 is :r  series of osci l lo-

gri tms takcrr rvi th the et lui l trncnt of

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

zontal :rxis cot 'responrl to freqtrcn-

cies bcn'veen 8.2 ancl 12.4 GHz. The

v e f t i c a l  s c a l e  { a c t o r s  a r e : r l l  0 . 5

clR /cm.

f ig. 2(a) sholvs rvhat h:r l tpeus at a

single frecluctrcy l ,hen the slottecl-

l inc curr iage is mo't 'ecl over at least

or lc -ha l f  t v i rve le r tg th :  t l re  osc i l lo -

scol)e traccs out a vet ' t ic:t l  l ine rvhose

lcngth is erlual to thc S\\rR ( in dB)

ol thc clcl ice l teing testecl.  Th:tt  this

is t t 'ue t: : t tr  l le shorvtr as fol lot l 's.

Tnrnsmiss ion- l inc  thco i ' y  tc l l s  us

t l l i r t  i r  r- lni fot ' tn, lossless l i r-re teri l r i -

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

ec l r r r r l  to  i t s  chr r lac te r is t i c  in l l l cd -

:rnce u, i l l  l t : tvc t l '<t rvaves travel ing

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

thc incident l ' rn'e I i ,  travel ing to-

\\ ' i rr( ls the load, thcle rvi l l  be a le-

{ le c tccl wave I l , .  going in the opposite

c l i recL ion .  
' fhe  

inc i t l cn t  anc l  re -

flectcrl l\:aves \viil intcrfere atrcl fol'm

;r stantl ing-rr.ave p:tt tel 'n ol) the l ine.

If  t l le voltaee on t l te l i t te is meas-

ured, i t  rvi l l  be fotrncl that t l tcrc arc

points oI rt l tr i t t i t t tD voltage

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

antl  points of urinimltm voltage

E. , i , ,  - -  lE , l  -  lE ,

The maxima ancl rninima u' i l l  be

one-half r ' r ,avelength upart.

Strrnrl ing-rvave rat io is clef inecl as

S \ \ ' R : : \ I
1 1 ,  i '

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

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

\ \ ' ave lcnD^th ,  the  osc i l loscoPe sPot

rvi l l  rrrove up :rtrcl  clor,vn betwecn

E, , , . , ,  an{ l  E , , , ' , , ,  a l l t l  I v 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

the osci l lost:opc Ir;rs a l iuear vert ical

anrp l i [ ie r ,  I1 , , , " ,  an t l  L , , , , ' , ,  can  be  read

from thc t l ispl:11' antl  t l ' re S\VR can

be crr lcrr laterl .  Florvever, i t  is much

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

l i thnric lcrt ical :rmpli f ier, bccause

p o o o o
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the oscilloscope will then display a
vertical line with length

logroE-u* - logloE.io - Iog,olI3'
L m i n

- 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

then converted to a voltage ratio by

the formula

For the single frequency of Fig. 2(a),
the SWR is about 0.5 dB or 1.06. 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
measurernent of SWR of a load.

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

uertical line is SWR in dB.

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

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

12.4 GHz.

swR-r,*'(#)
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seconcl across the frequency band, 1. RESIDUAL SwR OF THE SLOTTED

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 :rs a func-

tion of frequency corresponds to the
SWR (in dB) of the device being

tested.

ERRORS

Sources of error in the swept-fre-

quency slotted-line SWR-measuring

technique are as follows.

LINE. fhls is the principal source of un-

certainty and the limiting tactor on the

accuracy of the measurements. For the

slotted line shown 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 less 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 1.04 causes an

uncertainty of -+2o/" in the measured

retlection coefficient p, which is related

to the measured St/R by the relation

r  , l p l
S W R  _  ] _ ]t - l p l

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 voltage from the crystal is

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

used fo 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 its error eliminated 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-

frequency-indicator plug-in shown in Fig.

J  l s  /ess  than 0 .02  dB ldB.Th is  e r ro r  i s

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 of Fig. 2(c). Fig. 3 is

an example of a single trace, showing its

thickness.

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'

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

from SWR measurements.
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line carriage stationary and adjusting the

sweep rate and bandwidth for the most

crooked trace.

6.  l . .XC! : : i : lS t , r t : r  . r i i r j i : j i  l r i  ; , r 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)

avai lable f rom the sweep osci l lalor.

SLIDING LOAD FOR TWO-PORT
DEVICES

\\rhen thc S\\rR beins ureasurccl

is at onc of thc ports oI a tr,vo-port

dev icc  ( . .g . ,  
"  

sec t ion  o f  l ine ,  a  con-

l rc ( to r ,  o r  an  a t tenu: r to r ) ,  thc  
'nn-

mcustrrerl '  port o[ the clevice ntust

l- ie terrninatet l  in i ts charucterist ic

inrpedance. I f  the clevicc uncler test

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 l  o I  t l r c  t e l m i t r r t i o t t

is very impoltant, because anv re-

I lect ion from it  rvi l l  ar lr l  ver:torial lv

to the l 'ol tage rel lecterl  b1' the clevice

l>cing testet l .

In single-frequency S\\IR rneas-

urclnents ancl in s\\ .ept-f t 'cquenc\

rcf lectometel '  measurernel l ts where

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

been l roub lesome,  i t  has  become

stirni l :rrcl  practice to use a 'sl iding

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

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

:r movable tern)inatiolt ;  i t  Pcrmits
the phase ang^le of the r.olt 'ge rc-

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

oul- changirrg the m:rgnitut lc of the

re f lec t ion .  I i1  rn : rn ipu la t ine  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  t i o n .  i r  i s  1 , o * -
siblc to sel)anl le the 

" 'ol tage 
rel lectecl

bv the loarl  {rorn the vol lasc re-

f lectct l  Lrv the cler, ice unclel test.

By terrninating a t l to-port ( levice

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

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

sults of the su,cl)t  S\\IR-mcasuritrs

technique clest:r ibecl in this lLrt iclc.

Tlre 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 i l g c .  s o

the t l istance be nteen thc slottcd-l inc

l r l o l r e  : r r t r  I  r  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 rons ta l ) t . "  T I r i s  kee l rs  a  co l l s t . l l  I l t

phuse ane le  bc t lvee t t  t l i e  inc i t l c r r t

Iol urge I i ,  : t  rrrL t lre l l l r t  t  oI t l tc 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  J0urna l ,  Vo l .  3 ,  N0.  5  6 ,  . lan .  Feb. ,  1952.

6  B .  0 .  W e i n s c h e l ,  G .  U .  S o r g e r ,  S .  l .  R a f f ,  a n d  J .  E .
E b e r t , ' P r e c i s i o n  C 0 a x i a l  V S W R  l v l e a s u r € m e n t s  b y  C o u
p l e d  S l i d i n g - L o e 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 rumenta t i0n  and l \4easurement ,  V0 l .  l lV I  13 ,  N0.  4 ,
D e c e m b e r , 1 9 6 4 .
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series Waveguide Wavemeters and

the 382-series Rotary-vane Attenua-

tors, and was project supervisor for

the 5364 and 5374 Coaxial Wave-
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3544 Coaxial Attenuators. He has

several patents pending. He is now

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

responsibi l i ty for the development

of a number of passive 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

Electronics Education, an advisory
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$tmmdmrc* ffi*.m;x{*{-rrj:li| ":, ,.j. 'r,., -:r ;' ' ,,

The frequencies of Nat ional Bu-
reau of Standards HF standard
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
parts in 10'o from the United
States Frequency Standard dur-
ing 7967, as they were in 1966.
The offset enables the broadcast
1-second t ime in te rva ls  to  ap"
proximate the UT2 t ime scale 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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(b )

Fig.4(a) .  
' Iypical  pat tern for  sutept  SWI]  nteasu.retnenl .s o l r

slotted line ruith fixed bad. (b) SWn pottern for sume

slotted l,ine Laith sliding loud mec:lrunicalLy linked to slott<:d-

Iine carriage. Linhing lood and carriage elirninates kta.d

mismatch errors. Vertical: 0.5 dB/cnt: Horizontal: 8.2 to

12.4 GIIz.

l iectcd voltage duc t() t l te sl i t l ing

loatl  (1i, ,) .  Thc rvidth o[ thc osci i ]r>

s(o l )e  l )u l te rn  i s  thc t t

, . . . . ,  lE , *  L , . i  +  lL , l' u t ' "  
lo ,  +  u , . i  -  14 ,  j

where E,. is the voltuge reilectecl by

the tlevice untler tcst. II, as is usually

the case,

lE" l  << IE '1 ,

t l ren the rvit l th of the osci l loscol;e

l):r l terr l  is t lue principal ly to E" and

is an exi:cl lent a1;proxirrtat iotr to the

S\\ 'R bcing rneasulet l .  Thc princi-

pal elfcct of the lourl  rel le<;t ion is to

nrove thc  e l l t i re  pa t te rn  t rp  and

rlrirvn; thc ellect of lly, on the width

o f  t l l e  l )u t te ln  i s  r rcg l ig ib le .

The osi i l logrants of Fig. 4 show

how rnuch tlre rvitlth of the oscillo-

scope plt tcrtr <ltanses when a sl id-

ing load is l inkerl  to the slotted-l ine

t : r r  r  i l r g c  i t t s t e a t l  o [  r c r n l i r r i n g  s t a -

t ionary. T'his dri inp;e represcnts an

inrproverrcrtt  in the ac:curi .rcy o{ the

nleaslrrenlerl t .  In Fig. 4 the rneas-

urerl S\'\'R \vas the rcsidual S\,\/R of

the slottecl l ine anci i ts cotrnectors.

\ V l r r n  t l r e  l o : r r l  a r t t l  r  a r t ' i r g e  w c t e

Iinkecl,  t l tc a1>parent S\VR at 12.4

GHz changecl frorrr loirghly 0.35 clB,

or  l .04 ,  to  rough ly  0 .15  dB,  o r  1 .02 .
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