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Al EQUIPMENT 

the 900 series 

• A SLOnED LINE OF HIGH ACCURACY 

• TERMINATIONS 

• AIR LINES' ADAPTORS 

The recent introduction of thc T YI'E 
900-BT Prf'cision Coaxial Co nne>etorl,2 
mnrks the beginning of a new cra in 
coaxial precision measurement. Prior to 
t hl' development of this connector, I>re­
eLse impl'dancc-measuring instruments 
and standards were not commerdally 

'A. E. S.nd~ .... n, "A Il.ad;rall)' Nt .... Co.~I-.J 00""..,\.(1'," 
e ........ l R<Uloo Brpa1"' ....... 37. 2 Ii. 3, .'ebruary. Ma",", ."'. 
I A. I'. 1 .... 011. "A New 1'r..,iliol1 Co.si.1 COnn .... tor 
(1'Y.,(I goo)," NBS R._" No. 1. 11, June 29. 1\1&2, 
.,., M- s:l. 

f ill" " 1. V;'wof 
th_ Type 900-1.8 ' _hlon Sl~d l) .... 

available for the microwave region.­
Using this new connl'ctor, Ceneral Radio 
has develoJX'd Ii linc of precision coaxial 
equipmt'ut with performance commen­
surate with that of the connector. Prom­
inent features of the basic COll neetor aT"(' 
low VSWlt. and superior stability. life. 
convenience. and rt'1X'alflbilit.y. Of these, 

'I n fact.. even at low Irequ~"d_. lor ;!\IIa".,., in tit .. 
audio .... n~, tIM! Il«U'''''Y 01 two.u,rrni"aJ me .. ur"",en~ 
h .. been hn,ited b), t he rep"at&bility and rellrodueibili \), 
of _~"'l "",,,"e.:to ... 
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low \'8WH Ilnd rcpl'I~U\bility M uhf and 
:(hf were th" most difficult to 3chicv('. 
Once u.o;su,,-'d, lh('ae characteri<!tic8 h·d 
qu ickly to tht> d('vrlopmenl of new 
uhf-shf instruments and compOll('llts, 
including II precision slott.ed lille . air 
line;, t('rm innliolls, and adaptors, :ts 
\\cll as pl't'dscly fubricated tlIbillg and 
rod stock fol' coaxial Iincs. 

l'~ of Ihis syst('m of inst ruments, 
however. is not restricted to catibraljolls 
or mcflsnJ'('mcnt. 0 11 devices equipped 

with the T Y\'E 900 Precision Connector. 

Precision n.dnptors permit a t iC-UI with 
popular conllertors, such as the type :'\ 
and the Ty ... ; 874. When tl T YPE 900 

adaptor to Mot her type of conuecto r is 
lI .;('d , Ih(' nccut'llCy is limited only by the 
prrforrnllllee of tbe olher connector. For 
['xnmplc, !he residua l vennl of the TYPlJ 
9QO·L B Slotted Line, which is 1.002 at. 

I Ge, is still only 1.01 when a. type.X 

adaptor is inlSlu lled. 

TYPE 900- lB PRECISION SlOTIED LINE 

The' slotted line is the basic immiL­
t!l.IlCt'- and vS\\'R-mc:umri.llg instrument. 
ror the uhf !l.lld sb( mngf's. It. hag yei 
to be surpassed in nbsoluLC accuracy, 
versatility , a.nd bandwidth. Its !\ceuracy 
is absolute because its built-iJI imped-
1"\.llre standard is the charactcrUitic im­
ped!lnc<' of its coaxial line. which is 
directly dC1X'udcnt. UIXUl m('chonicnl 
ti imcllsiofUl. 

Imperfec tions in t il{' slotted coariaJ­
lillc system and the discont inuities at. 
"lot cnd, tl"UllsitiollS. and COllllcctors ar(' 
thc principa l sources of error. Such im­
perfections and discontinuities in the 
('ooxial·lin(' SC'Clion have been virtually 
l'liminatl'd in Ihe Type 9OO-LB Pr(>cisioll 
Slotted Lill{' . Xew Illallufacturing meth­
ods and rurthf'r de've'lopmcnl in the 
convcntional methods hu\'{· madc this 
possible. i'urthl'rmoN', thcn.1 is uo It:lll­
s ition pl'(Ihlem because there ig Jill tr:lIl­
Mition ; thl' C'olllwction between tilt:' slot­
lrel section and til!' ('(Inncctor is 1\ con­
tinuous. ILll iform, coaxial trall!lmis.~ion 

line with wry clost' (.:ontrol of diametl'tS, 
ItS in til{' slotted fIo('ction. Aud T,·p..-; 
!)()()..BT COlUl{'rtor hIlS ('fT('ctively clim­
inti/cd COfLIlt'l'tor errors. 

Tbe new I>rccisioll slol ted lino is tlim­
ila r in general COll8truction to t he 1YI' E 
87+-LBA, whieh ba.s in recent years 
been constantly improved and rugged­
ized , and whose aCC Ul"tlcy is com pnmblc 
with thaI of other commercially lLvnil­
ubiI:' types. l\lany or its design features 
have been embodied in t hf' 900 model, 
a. long wit h It num ber of refinements 
and improvements." 

The precision slo~lcd line uses nn nir­
dielectric coaxial line, with all ollter 
conductor J[) of 0.5625 inch, mnd(' to 
I.'xlrcmely close dimensionul tole rances. 
Connectors nre a TYPE 9OO-B'I' nt t he 
tlllknown tcrminilis. a locking TYPE 874 
Connector at t he input !!ide, and II non­
locking TYl'E 874 at thc demodulated 
dNt'Ctor output terminals. 

The fo llowing new features ha\'t~ becn 
incorporat.ed: 

A new probe ns.~mbly, comprised of 
nn ext.ernally adjustable probe, with 
calibrated penctration depth , nnd a 
probe tuner with micromCler-typc d rive, 
calibrated hI ccntimetcl'8, and hlwing 
l'xcellent tuning stability. 
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A vernier scule and, in addition, !~ 

micrometer drive for fl ue resolution. 
Provision for dirt'('t rf connection La 

the probe ; t he tu ncr is replaced with an 
rf ptolx' assembly. 

A protecth'c cover, which can be 
closed to preV\~nt dust l\CCumulat ion 
tlnd dumage. The cover reinforces the 
basic assembly and adds very litlle 
('xtrn weight. 

Quick conversiou into a precision 
I,ype N or Tn''' 874 810ll ed Line by 
means of 10w·\·sWlt adaptors (adapt.ons 
to TNC, C, and othcr I.ypes are under 
development). 

Th(> slotted line can be calibrated 
nb80lutely with the TYp~ g()()...Bl' Con· 
necLars to a much higher degree of 
accuracy than with 01 her conncctor 
types. The T n ·t-.s UOO-LIO, 9OO·L15, 
~1 ... 30 Air Lines, Ilnd the Tn''' 900· 
WfJO Termination art' excellent caJibm· 
lion devices for this purpose. 

The most impol'tt~nt feature, however, 
is performance: 

Residual ViSW1! is ('xtrcmely small 
(Figure 2). 1.001 + 0.00 1 X fOe. With 
Il. TYPE 9O()..QKJ or ·QN"P Adaptor 10 
Iype 1'\ installed, OVeNl.1I vswn is 
1.005 + 0.005/Go' 

Constancy of probe cou pling, u. most. 
importll ll t characteristic, is ± OJi%. 

Frcqu(>ncy ronge is 300 ~ I c to 9000 
~ I c; probe carriage tmvel is 50 cm. 

Wil h 1 he precision !iir lines I he length 
can be exteuded to permit operation 
down to 150 Mc. 

'A. K "'nd~B, .. " Naw lIi .. h·['T«iooion ~lelhod lor 
IN! ~1_" .. noet1t al the \'~'" II 01 Con .. l Con....,.I0 .... " 
tNt! r. .. ......,U-. ~ ,\I ... """, .. T'-, a .... Ttd,,;q.,a, 
VoI1lITT.8. Nil. 6. !'o~ber 19111. Ill> 32~ 
'A. ~:. Nnd. ..... n, "An Aew .... ~ 9o.t..t;'uliou .\Ietl,od 
01 .\I ... ur,,,,, I~ VIS"'11 o( C_~iaJ c.,,,,,,,elon," T~ 
JlO(r ....... N J.,. ... aI. \'01,0;, No. I, Jan, .. ,.,. 1962. I)P ~73. 
'0. A. n-.h.",~,"" fIlmr!" Ora"hie.! "".!)'IJ<i 01. 
T .... Po ... W.,·ep;uid~ Ju"etkln," Pr<l«tJd'IIl/' ol'ie IRE, 
~2, I\MI, May 10M. 
• J. y" :<Iorer, L. B. Aheinlold, ."'\ S . .stein, "" ";n,ple 
(Jnol,lue.l A"",ly';. 01 .. 1' ..... ·]'0", \\'.,·eJ~,de JUlletio .. ," 
1',« .. <1.1'1(1' ;;1 1M IRE, U. No.8, 100·. , A"IIW11 111M. 
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"'I~~~~~~~~~~~~~~ 
,~, Ecc - ;,- ~~,~ ~" 
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Applicafions 

The Tnt; OOO·LB Slotted LillI.' is 
well sui ted to a ll t h<> \\'c ll·knowTl slol ted 
line meaSlirements, such as immill :ulCO, 
VSWII, and reflccl ioll t'OCffiri('nt.s of dig. 
tributcd and lumped clem('nts and an· 
tenoas. :\Jore importnntiy, it is recom­
mended for the ah&llut.c culibration of 
standa rds. 

Additioll1ll applic:l.l io lls include: 

( I) Measuremt.'nl of l'Onnectors and elc· 
menU! by the substitution method.'" 

(2) DetermillH.l ion of small..signal char· 
IlClcristics of diodf's nnd transistors. For 
these m('a.su reUlellt~, th(> s lotted IinC' is 
driven through th!' prol)(> with lhe i:ipe­
cial connector provided, and the detcc· 
tor then con nects to what is normally 
Ihc gcn(>rator end of the line. By this 
means, adequate ~nsitivity ic; main· 
t:lined at low \'Chug<> levels. 

(3) ?l leaslItCmCllt of dielectric COllstun!. 

flnd loss tangenl of d ieiecnic matNials. 

(4) Precic;ion phase shiftcr. The slotu~d 
line call be tcrmmau .. d with the T YPE 
000· WOO T('tminntion find \'ariable phase 
signal tii.ken fro m the probe . PhaSl' shift 
is :lc(,lIralely calibmt..ed in temlS of 
prohc travcl. 

(5) Sliding shol'kircuit meaSllr<>m('uls 
of Sl'attcring coeflicie llts or distributed 
lind lumped clements .... 

ThoSl' engftgcd in tbe dev<>lopmellt of 
coaxial dcvices will find th is slol.\.('d line 
n..n i llvn.lllf~blt' aid to tJII' design of equip • 
menl wit h truly low slllnding·w:lvc mtio. 
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SPECIFICATIONS 

Ch ..... d •• lllk 'mlNd.nc., 50.0 ohms ± 0.10/0-
" .... Trav.l, 50 em. Senle Ilalibnl.ted in cen-
timeters from the reference plane. AI~ched 
vemier &cale ean bto read to 0.1 mm. 
Sca ' ..... u ... cy, ± (0. 1 mOl + 0.05%). 
F"qu.ncy .ana.' 300 Me to 9 Cc. At 300 M c, 
coverll a half wa.velength. Operates belo,,· 
300 Mc ", .. ith TYPE 900 Prec:i8ion Air Line. 
C.",I.ncy ., P ..... Pickup. ± 0.5%. 
_ .. 'duo' VSW., Less than 1.001 + 0.001 X 
/oc (e.g., 1.002at 1 Gel. 
Acc.uo.l .. Suppli"" TYrll 874-R22A Pa tch 

...... P .. eI.lon 510"'" Un • .... 

Cord; Tnt: 900-WN PrtCi$ion Short-Circuit; 
Tvp): OOO-\\'O Precision Open-Circuit; tuning 
stuu-probe I\.Sl!embly (including I K21 C ana 
INZ3C diodes) ; rf probe IllISembly ( .... ith 
TYPE 8i4-BL Connector ) ; micrometer tatriage 
drive (accurate to 0.01 mm); s.pare drive cable; 
~torage box; Smith chal"1.8. 
Ace .... ,; .. "qub"" Generator Ilnd det.ec:tor. 
Dim,n,io"., Width 27 ~, height 10. depth 
4~ inchee (700 by 255 by 125 mm). 
Nal W.+ghll 10,", pound!'! (4.9 kg). 
Shippl,.. W,I,hl, 27 pound! (12.5 kg). 

Code Nwnber 

0900·9651 $515.00 

TERMINATIONS 

TYPE 900-W50 PRECISION 
50-OHM TERMINATION 

The TYPE OOO-W50 Terminn.lton iB a 
broadbaud dl'vice with ext.remely low 
VSWR, lISl'ful from d(' to 9 Ge. It com­
prises un tLccurutely dl'rived, ('ontinuous 
trnnsition a nd a precision cylindrical 
resistor. The connector iBn T l'P~:OOO-BT. 

T~"pical VI\WR f'haructeristirs are. given 
in Figure 3. The ehange of resi~t.ance 
and VSWR 1" hf'ating due to incident. 
pow('r is negligihle up to l·watt incident 
).Jower. 

Applications 

As a 5()..obm standard for the culibra­
lion of bridgC'!;, slotted lines, imf)('d3.llce 
plotters, refiectoml"ter6. etc. 

As a tNminntion ill m('nl;uremcnts of 
networks with more than one port. 

As a pl"('C'ision dummy lond. 

T,,, 
_wo 

T,,, 
_w,", 

T,,, 
_WN 

As a precision type N or T ype 874 
Termination when used witb a T YPE 
9OO-QK.I , OOO-QN'P , or 9OO-Q874 low­
VSWR adaptor. 

.0 0 r_ " ,""- ~.'II'~ , ... 1. • ,I.. :-0 ...... ''1.' ... ..... , 
, - I-- '"~ 

.. 
o 
~ ,G 

" 0 , , , • • • , • 0 ' .. ......, ..• 
SPECIFICA nONS 

VSWR, Ltf!8 thAI! 1.005 + 0.005 x f l)<, up 
to9 Ge. 
DC ... Istone., 50 ohms ± 0.3 0/0-
Maltlmu", Pow... I Wfttt with negligible 
change; 5 walts wi thout damage. 
T_fMfCJIu .. C .... ;cl . nl ' < 150 ppnlr C. 
ov .... n l . nalh: 2 inches (5 1 mm). 
N.t W.illhl, 3~ 0111100'1 (100 gramll). 

TYPES 900-WN AND 900·WO 
SHORT-CIRCUIT AND 

OPEN-CIRCUIT TERMINATIONS 

The TYPE OOO-WN Short-Circuit 
'fermlllilliOIl and TYPE OOO-WO Open­
Circuit Termination arc low·108s devices, 
which efTeeth·ely short circuit or open 
circuit n coaxial line. 

Type 900-WN Short-Circuit Terminotion 

The reference phne of th is te rmina­
lion is con,·cllielllly located at t he mal-
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ing plane of the Tnf: 9OO-B'I' Connec­
tor. Ohmic losses arc extremely small, 
as demonstrnu-d by a reflection coeffi­
cient. of 0.999 or greater at 9 Gc. The 
termination is a silver-plated brass slug 
with the necessary T YPE 900 external 
hardware, gold-piali'd for protection 
against. tarnishing. T he excellent per­
formance cited is inherent in the '!' YP!o: 
900 Connector. The inner conductor 
shorting contact is achieved by the flat 
surface of the slug pressing agninst tbe 
TYPE 900-BT contact . 

Type 9 00-W O Open-Circuit Te rmination 

A T YPE 900-WO Open-Circuit Termi­
nation presents an effective open circuit 
0.26 cm from the mating plane of a 
TYPE 900-BT Con nector. It is a closed­
end , stalldnrd-6izc ouler conductor with 
TYPE 900 external mounting hardware. 
The open-circuit reference plane cannot 
be made idcnt ical in posit ion to tbe 
shor t-circuit reference phne because of 
end effect.. T his cnd effect ean be repre­
sented closely by an addit ional length 
of line, in this Cfise 0.26 cm, or a capaci­
tnnce of 0. 173 pf shunt ing t he end of tbe 

N OVEMBE R, 19':1 • 

• , 

• 
- .-~ 

, ,'< S " ' " S _.-. 
li ne. The effective lengl h, however, is 
frequency dependent Measured data 
are shown in Figure 4. 

Applications 

The TYPES ooo-W 1\ Zlnd 9OO-WO Ter­
minations arc useful in the following 
applications: 

l~stablish ing reference planes in direct 
or substitution conxi:"l. l-line ffit!R.SUre­
ments. 

Aa low-loss terminations for measure­
ment of networks with more than one 
port (including loss measurements) . 

As coaxia l-line fCactance stsndurds in 
combination with TYPE 900-LlO, 900-
1~ 1 5, or OOO-L30 Air Lines. 

SPECIFICATIO NS 

RlflKlio" Cot.filic io"" > 0.999. 
Not Wo~ h' , Tvpl'; 900-WN, 2}i, ounces 
(75 grams) ; TYPE 900-WO, 2 ounces (60 grams). 
O". , ... lIlo"SI ,h, I~ inches (27 mm). 

AIR LIN ES 

Typo 9OCM.SO 

TYPES 9oo.l1 0, 9OO-l1 S, 
AND 
900-l30 AIR LI NES 

T he TyPES 900-LIO, 900-11 5, and 
OOO-L30 Air Lines are precision coa.xial 
air-linc sections fi tted with stlllldurd 
T YPE 9()()...BT Conncctors. The nir-line 
sections are held to extremely close di­
mensional tolera nces. T he inncr con­
ductor tolerance is ± 65 microinches, 

Typo 900-1.10 

and varmllons arc restricted to ± 2!) 
microinchc8 along a given rod . The 
Ollter conductor diameter is held to 
± 140 microinches. 
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These tolerances maint3in tbe charac­
leristic impednm:c at 50 ohms ± 0.65%. 
The basic materia ls aI'(' bmllS, with a 
layer of silver at the conducting sur­
faces, and a protective gold plating. 
Typical ''aWlI rhllTaClcristics are shown 
in FiguN' 5. The low-frequency, skin­
efft'Cl correction is shown in Figure 9. 

Applications 

(I) As 5O-Qhm qunrtcf-wnve reference 
standards. Whl'n the lines are used at 
frequencies where length is an odd mul­
t iple of V4, MY immilhmce-mcasuring 
instrument , Smit.h-Chart plotter, etc .. 
can be calibrated with respect to 50 
ohms and the terminal ion error isoint('d. 
The following tAbl(' lists (2n - 1) A/ 4 
frequencic>I for the thrcc air-line scrtiens. 

Quarter-Wove Frequencies of 
Type 9oo·l Air lines 

900-1../6 000-/..10 900-u!{) 
Frtq1IC1CY, Gc "'requen.CIJ, Gr 

0.76 
2.25 
3.76 
5.25 
6.76 
8.25 

FrtqUtftcy, Gc 
0._ I._ 

2._ 
3._ ... 
5.-
6.5 
7._ 
8._ 

0.25 4.75 
0.75 5.26 
1.25 5.75 
1.76 6.25 
2.26 6.75 
2.75 7.25 
3.25 7.75 
3.75 8.25 
4.25 8.75 

(2) A8 preclSlon timr-<ielllY staudards. 
The lines are h(' ld to s n e leCLricallenglb 

• , ., 
, .' , ., I ~c. :-!:-.""""'''''' ..... o ~s 'JOOoUI, ... I!I.~1.3O ~ 

a ' 0 0 • • 
;: .000 , .. 
, .. • 

-
• 

~ I • ~. • 

' ............... 

or ± O.OI2 em, which is equivalent to 
±OA picosecond. 
(3) As reactance standards, with the 
TYPE 9OO~\VN ShorL-Circuit Terminll.­
lion or the T YPE 900-WO Opcn·Circuit 
Termination. 
(4) As extension lines. The lincs may 
be used to extend the lower rrequency 
limit of the T,'I'E 9OO~LB Slotted Line 
below 300 I\·le . Wilh a sufficient length 
of air line, this limit can be reduced to 
150 Me. 

SPECIFICA liONS 

VSWR, l..ese than 1.0013 + 0,(XlI3 X /0<, 
up to 9 Gc. 
Charode,illic ImpMlDnce, 50 ohnus ± 0.10/0-
Electrical le"II,,", TYPJ!l 9(IO..LI0 - IO.00 ± 
0.02 cm; TYI'~ 9(IO..LI5 - 15.00 ± 0.1)2 em; 
TTpll 9OI}.L30-30.00 ± 0.02 cm. 
Time Delay , TYPE 9(IO..L10, 0.333 llsee; 
~LI5, 0.5 llsee; -L30, 1.0 nsee; all ± 0.4 p8OO. 

,,,,t Weigh', TyPE 9(10..1.10, 6 y'; OUnOO8 (185 
grnmll) ; ~L1 5, 10 ounces (285 gramll); -L30, 15 
OUUCE:l! (425gr8m~). 

O"e, ... 11 hi'll'''" ' TYrtl 900-LIO, 4 [nchell 
(lOS mm); -L1 5, 6 [nchee (155 mm); -L30, 
12 iuchee (80S mm). 

ADAPTORS 

.... 
900-0'74 

TYPES 900·QNJ AND 900-QNP 
ADAPTORS 

Type N AdaptOr! 

There arc two type N adaptors: the 
TYPE 900-QXJ. which CQnsists of a type 
N jack and a TYPE 900-BT Connector, 
nnd l he Tl'I'.~ 900-QNP, which conta ins 
a type N plug and a TypE) OOO-BT Con­
ncctor. These adaptors ha.ve specially 

j 

• 

J 
1 
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designed, continuous transitions bet.ween 
the t.wo line sh·,cs. The abscnce of uny 
discrete discontin uities ill the transition 
is a unique featuI'C of these adaptors. 
The type N jaeks und plugs in tbese 
adaptors :ire of tl. specia l, low·vswR dr-­
sign . Although they are (:ompatible with 
standard military type N connectors, 
they should be used witb special t.ype N 
con nectors for lowest VSWR. The instl'llc­
lion sheets provided with t hese adaptors 
show the eleetricallength a nd referenC!"· 
plane as weU as other optimum configu­
rat ion details for t he mating plug or 
jack. YSWR charact.eristics are shown in 
Figure 6. 

SPECIFICATIONS 

VSWII, l..es6 than 1.004 + 0.004 X Ine, UII 
to \) Ge, either unit. 
EI"'fl~al l."llh, Tn» 900-QN P - 5.50 ± 
0.03 em to end or male outer oonductor. 
TTl'!: OOO-QNJ - 5.00 ± 0.03 em to end of 
female inner oonduetor. 
Nat W.lght, TYpe 900-QNP, 3M oun<:ell 
(tOO grams); ~NJ, <I OUTlC68 (1 15 glllml). 
Ov • •• alt L."llh: T n .¥. 900-QN P, 2--5/ 10 inches 
(59 mm); TYPE 900-QNJ, 2~ inches (58 mm). 

TYPE 900·Q874 ADAPTOR 

ICo"n.clS willi . 11II.r locki"g or nOftlocltlng 
Typ. 874 Conn.,lorl 

Thc TYPE 9OO-QS74 Adaptor com­
prises a T\' ('E 8U·BL Locking Connec­
tor Ilnd a Typ~~ 9OO·B1' Connector, 
mOllllted on a short section of pl'{'cisioll 
!lir linc. Th i.!> adaptor contains a newly 
designed, fully compensntcd l'WE 874 
8upport. bead. Although the adaptor 
mntes with bot h locking and nonloeking 
Tn'~: 87 .. Connectol's, a mechunica Uy 
stnble, low-leakage connection requlrc!! 

NOVfMIElI , 1963 ~ 

:\ TYPE 874-BL Coll nc(;tor. For coaxinl­
linc measurements where lh(' reference 
plane mUB!. be determined wilh the 
maximum accuracy, however, a. T YPE 

8i4·B (nonlooking) con nector should be 
used. The t"Cason for t his is Ibat the 
locking-t.ypc oonnt'ClOr is inlcllt ionnUy 
di~ngaged a slight umoun t by the 
locking system, so 1\8 to pre\'(ml mechan­
ical jamming. This disengagement. call 
vary from 0.006 to 0.0-l2 inch from t:on­
nector to connector because of tolerance 
limits. However, it is generally clo8l' to 
a llominn.l 0.020 inch . Thl' Ilon lodillg 
connector, on the other hand, mates 
uutomatically within mucb closer limits 
bccauSl.' t he connectors are a lways fu lly 
engaged . Thl' electrical length and ref­
erence-plane data arc given in the in­
struction sb(..'Ct that accompanies ibe 
adaptor. VSWll characteristics arc shown 
in Figure 7. 

Applications 

Extends uSf'fulness of Tn'E OOO-LB 
Slotted Line, permilt iug predsion m('f1.~ 
uremeDts of type Nand J'l'PE 874 
components. 

As :l. precision type N or TYI'E 8i4 
50·0hm Termination, when used with 
TYPE 9O()..W50. 

Converts instruments with type N or 
TYPE 874 eOIlIl('clors to TY"E 000. 

SPECifiCATIONS 

VSWR, Lettt! than 1.00 + 0.015 X IfIt.; 1.01 + 
0.005 X loe from I lo 7 Gc. 
EL ... ,;«,. L.nglh, 1;'50 ± 0.04 cm to front faee 
of malad nonlocking TYPE 874 oonnectoT bt'fld. 
0 1/ •• -011 l."glh, 2-9/ 10 inches (65 mm). 
Nat W.illhl , 3~ ounces (100 grama). 
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GENERA l RA DI O EX P ER I MENTER 

TYPE 0900·9782 

ADAPTOR FLANGE 

This flange is a gencl'tll-purpose dcvice 
which converts Jlny TYPE 900 com­
ponent COll Llcctor to a Rllongc connector, 
making use of the fact that the inner 
contact of the 'J'yI'E 900-BT works suit­
t\bly against. any fiat. surface with no 
special addit.ional contacting device or 
bullet required. The configuration is 
shown in Figure 8. 

10 

,~--- .". <""'0"" Of .. ·.' ..... 
,0<"'.' ."'~ 

/ 

fl"u .. .. 
Flanet- aelaplallon on Ty~ 900-8T Conn.cto,. 

Applications 

For connecting to a coaxial system 
ending in flat, flush surfaces, typically 
in special bridges. 

SpeciAcalions 

Mounting Hoi." 0.157 ± O.CJO&.inch dia, 
120~ ± O.5~ apart on a radius of 0.812 ± 
0.003 inch. 
Not W.lg .... , 3 ounces (85 grtUllll). 

PRECISION ROD AND TUBING 

For those who wish to assemble coaxial 
systems using the TYPE 900 Connector, 
coaxial air-line rod and tubing having 
extremely tight diamet.er toicranL'es are 
!lOW offered by General Rad io Com-

pany. The rod is brass wilh a layer of 
silver approximately 0.OOO5-inch thick 
and a fulishcd diameter of 0.24425 inch 
± 65 rrucroinches. The t.ube has a layer 
of silver approximately O.OOO5-ioch thick 
and a fin ished inner diameter of 0.5625 
inch ± 140 microinches. Both tubing 
and rod arc slress--relieved to minimize 
diameter changes duc to machining a nd 

.. ,,~ 
", ... ~-+ 

~ .. .... 
~ .. .... 
II oQ~ 

i .~ 
i .n 

~­
~ .0 .... 

1-
~ ..... 

Fig ..... 9 . 5Ir.1I ... " .. , c llaract.,hllc_lmpodanc. _0_ 
01 0 f ... ncllon of tr.q ... nc y. 

are straightened. The instruction sheet 
provides directions for machining the 
material for usc with the TyP E 9OO-BT 
Connector, including pl"Ocedures for min­
imizing dimensional changes. At fre­
quencies where skin depth is negligible, 
the characteristic im pedance of a trans­
mission line made from this material is 
50 ± O.OOI3 ohms, or ± 0.06.5%. The 
skin-depth deviation as a function of 
frequency is shown in Figure 9. 

There is a practical limit to lhe length 
of the precision air line that can be made 
from this material because of inner coo­
ductor sag. An expression for the sag is 
given bcJoy;r. This expression is pessi-

-
~t:=====~===::!!! '''' , 0900-9509 

•~;;;:=;;;:;;;:;;;:;;;:-- "" - 0900-9508 
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mislic because the connectors provide 
some cantilever support. T he churuclCI·­
ist ic impedance of a coaxia l transmission 
line with an eC<.'Cntric inner condudor 
is given hy 

.' aJ - 4 -) +-
b' 2b 

where. 
.4 - 59.9368 
b .- coaxial line outel" conductor 10 

a .- co!\xia l line inner conductor O D 

t = amount by which conductor 
is off center 

The Sflg, t , at the ccntcr is given approx­
imately by, 

/, 
• "" CI-;S-'X':-:I"QOO" inches 

where l is t he length of the inner con­
ductor in inches. 

For a 16Y.!- inch length, the sag, t , is 
0.005 inch at the <:enter. 

The charaete l"istic impedance e rror 
c"lculatcd from the above formula along 
nn incremental I ~ngtb of line at the 
center is - 0.046% for this amount. of 
sag (sce Figure 10). Thel"pforc, IG~ 

NO VI M BfR, 19 63 ~ 

inchC8 may bt> confSidt>red tilt" longf'st 
pcnnissible a ir-lioe section for pN'cisioll 
work . With TYP E 9OO-BT Connectors at 
cach end, t he corresponding nir linp is 
45.5 cm long, C' lectrically. 

When maximum accu racy is desired 
(or the long!.'r line sections, thl' lin!' 
shou ld be mounted vertically. 

Applications 

Precision sliding loads and short-8, 
air lines. 

P recision 5(k)hm air-line imp<>dullct 
and timc-dclay standards. 

General component use. 

SpecifICations 

N. I W" ghl, Rod, 7 OUIlce!! (0.2 kg); lube, 
2J.i pounds (1.2 kg). 
0 ..... · 0 11 l ' ''llh: Z7 inchfll! (600 111m). 

TYPE 900-TOK KIT 

The TYPE 900-BT Pf{'C'ision Coaxiu l 
Conneetol" should Ix> asscmbl~d on com­
ponents with the 'J'yPE 900-TOK Tool 
Kit, bot h for the best precision and for 
avoidance of damagl' 10 connector. The 
tool k.jl , desiglloo for Ihis purpo8C', in­
cludes all t.hl' tools req uired ,0 assemble 
the TYPE 900-B1' Connector un a com­
ponent and the d~v ices necd(>d to reas­
semble a conn(>ctor that has 1x-en inad­
vert.ently disassembled or to rt"pluC<.' 
damaged parts. The tool kit contain!! , 3 

• 

I . o,..ft.t...! W,.<><fo 6. '_d ~o,~.' 

2. Co •• r"'v·No, To.uo W'OM~ 1. I"~ •• ·COft<lo<'o, 
1. "~.,_C .... d •• "" I"ie<'o' 

To •••• W,o.<h 8, '_d C"""" ••• 
~ . G.o, W'.Mh >I .... St ...... 
!I. I""., .Condo"'" rli., ~. 5 •• I.,. ,CO"IO<. W"M~ 

II 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



~ GENERAL RADIO EXPERI MENTER 

12 

au OlX'n-elld wrench, a CQupling-nut. 
torque ",",nch , an inner-eoncluctor grip­
ping plier, and a contact Allen wrench. 
In addition, for connector reassembly, 
it contaius 3n inner conductor injector, 
II. hend compressor sleeve, and fI bead 
pusher. 

For 80mI' Il&'rs, purchase of thl' com­
plete tool kit Illny not be wholly justi­
fiable. It is possible to install the con­
nectors on components with ordinary 
tools, li .. ted below. It is not possible, 
however, to reassemble a connector tbut. 
hag been completely disassembled be­
cause th(' parts afC press-fitted together 
with the asscmbly tools furnished in the 
TYPE BOO-TOK Tool Kit. 

The following tools may bc employed 
to insta ll con ncctors. Extreme cure must 

7'VTJC 

9OO-l10 
9OO-l15 
900..&.30 
9OO.QI7" 
9OO.QNJ 
9OO.QN' 
9OO.tOK 
9OO.WN 
9OO.WO 
9OO.W50 
0900·9501 
0900·9509 
0900·9712 

' •• d,'o" Air U". (10 (!III 
".d,lo" A'. u", (IS (fOI ] 
, . .. 1,10" AI. lift. (30 em] 
Adoplo. to Typo 17" . 
Adopto. (co"tol," typ.·N jadel 
Adapto. (con'o;no lyp.·N pl"9J 
Tool Kit . 
Short.C'.cull t.rm;notlon 
Op.n.Clrcull t ... m\"ot\on 
50.0hm T ... mlnatlon 
'r.el.lon 'nn ... ·Conductor Rod 
'r.d,lon Oul ... ·Condudor tube 
Adoptor flonll. 

be used, so as not to apply excessive 
torque a nd thusdnmage connector parts. 

I. Two 11 / 16" opcll~nd wrenches 
with 3/ 32"-wide blade (bicycle type). 

2. One, lind ill some cnses two, 5/ 32" 
A lien wrenches. 

3. OtiC illllcr-<:onductor gripper, a plier 
device with n. padded O.244"-din hole 
to hold the inner conductor upon which 
the connector is to be installed. Alter­
nately, a gripping dcvice Ciln be made 
from two strips of plustic, held firmly 
together in Ii vise lwd drilled with a 
15/ 64" drill. The inner conductor is 
iostulled in the hole Ilnd gripped in 
the vise. 

4. One l / lG" Allcn wrench. 
- J OHN Zonzy 

Cod~ Num~ 

09()().9605 
0900·9607 
0900·96 13 
0900·9883 
0900·971' 
0900·9811 
0900·9902 
0900·9971 
O9oo·99SI 
0900,9953 
O9OO·950S 
0900·9509 
0900·9782 

$ IS.OO 
90.00 

100.00 
"5.00 
50.00 
50.00 
95.00 
' .00 
'.00 

" .00 
25.00 
35.00 

3.50 

OF FUEL GAGES 
AND 

THE AERONAUTICAL INSTRUMENTS LABORATORY 

To a pilot , it is a matter of some im­
portance that the fue1 gage in his air­
craft be uceurnte. The degN'(! of accuracy 
required and t he various types of fuels 
uS£'d by modern aircraft led to the de­
mise of the noat-tylX" gage and to thl' 
deve lopmen t oC a Cuel-quantity gngt' 
that OlX"ratcII by sensing the I'lecttical 
capacitancc of the furl-tank prol)!'s. 
This patflmeter is directly proportional 

to mass, which Ul turn is closely related 
to the energy co ntent. of t he fue l. To 
check the accuracy of such a gage, [l, 

special cap:1c itiUH;<' standArd (" fuel­
gil.gt:' tester"), conllected to the gage in 
place of t he tank, simulates full- a nd 
cmpty-t.'l.nk condit ions. 

General Radio, nn old hund a t design­
ing cap.."l.citallee stnndatds and bridges, 
eontributcd importan tly from the outset 
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hd.nlel"ft < .. lIbr ..... fu,I\lOII' of mod •• n 1" ol ••• "f! 
by mlon. of .. GR Ty,.. '"29-''' Fu.l-Goge T .. ~r. 

to the development and subsequent re­
finement of fuel-gage testers. At tbe 
Aeronautical Instruments Laboratory 
of the U. S. Kava! Air Development 
Center at Johnsville, Pennsylvania, OR 
bridges were used to evaluate differences 
in dielectric characteristics between avia­
tion gasoline and jet fuel and among 

NOVEMBER , 1963 ~ 

fuels refined in di/TC'rf'tlt parlS of thf' 
world. From such measurements came a 

circuit clement to compensate for varia­
lions in the density of the fuel. 

T he General Radio 1\1 0-1 Tester was 
the first to mcel military requirements ; 
our current. '!'YN; 1429-A Fwd-Gage 
Tester, a slimmcd-dowil version of the 
MD- I, is widely used to ca libmt,e gages 
on both rcciproeating- and jet-enginc 
aircraft. 

In the development of fuel-gage test­
ers, OR has worked in close co-opcration 
with two military agencies: the Aero­
nautical Instruments Luboratory at. 

.Johnsville and the Wright Aeronautical 
Development Center at Dayton. The 
Aeronautical Instruments Laboratory is 
now celebrating its silver anniversary. 
Inasmuch as our association with this 
laboratory covers most of those 25 years, 
we are espec ially pleased w note the 
event and to congratulate AIL on its 
quartcr-<:entury of service to the natiOIl. 

Equlpmonl u .. d In oorly luol-gogo '-t'-t dovolopmo nt, shown In 11011 19S1 photo tokon at 
A.-onoutlcol Inttrumonls LobOfOtOry, Indud .. copodll,nco btldgO, gonoralOf, and d.t.ct ..... 

(Oftlclol Photograph U. S. Novy) 
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GENEIlAl IADIO EXPEIIMENT E I 

OVERS EA S SEMINAR IN MILAN 
The third biennial salca nnd engineer­

ing seminar for GR overseas nopresenla­
lives was held in ~ lilan during the last 
wl'Ck of May, 1963, with nearly forty 
gales engineers and export salcs rcpre­
Sl'ntativcs from fifteen countrics a.ttend­
ing, plus severa.l from General Radio 
Company nnd General Radio Company 
(Overseas). Tf'chnical and salcs sessions 
in thc forenoon and laboratory work-

sbops in the afternoon wcre held to ac­
quaint. the parlicipants with latest. 
General RAdio equipment. 

1. A. P. G. p.I."on, Gil: 
2. Mr .. Maloe, Franc. 
3. ao... P".g. Ilfa.1 
>I. A. laro Sa.nz, SpGln 
S, R. Oan~g.r, lorael 
6. G. F. Malae. frenc. 
7. Mr .. Carlo lupl. Iioly 
8. I. G. EOlIan, GR 
9. K. G. Telr, Finleond 

10. MI1I M. E. AeKhbGcher, GIIO 
11. MI .. A. M. Mlnojo, 1101'1' 
12. C. Iln.t1i, Italy 

• 1<. 

". ,. 
17. 
18. 
19. 
20. 
21. 

"-
23. 

". 
2S. ,. 

:\fuch of the credit for ~he success of 
the seminar goes to our hosts, the firm 
of Ing. S and Dr. Guido Belot.ti, who 
have represented General Radio Com­
pany in I taly for over thirty years. The 
accompanying photograph shows most 
of those attending. 

Min S. Flor., Iloly "- M. M.rIGu", F'Gne. 
G. hiatt;, Iialy 33 . P. J. Mocol .. o, G RO 
I. My ... lh, /'oIo,.....ay ". MI .. C. Nalcho .. ler, Frone. 
N.. J. Kutl." GRO ". K. Lind.nmann. Switzerland 
S. Malo. IIGI,. 36. R. ""Glorajan. frGne. 
MI .. A. Agniselta. 1101,. 37. M. Ky. Franc. 
M ... O. Curli. lIaly 38. J. K.L1.r, Swltz.,leond 
G. Venlu,l, lIa ly 39. G. NO .. leln, GermGny 
G. Molfanl, IIG ly '0. W. P. MeLIGn, N.w Z.olond 
P. Fob,ICGnl. F,onc. ". L. Pleano, 1I0ly 
II. P •• I, lelgl,"" ". A. E. n,1 .... n. GR 
L. Marcomtnl, Ilaly ". A. R. Mau,IG .. Il. frGnce 
A. II. I .. ,. •• ttolleond ". U. O.menlz. Sweden 
T. Imoto, Japan ". A. R. O. VGn lI.rap, HoILand 

27. M, 1.,lin, Fran,. .0. tt. A. Mollno rl, Switz.rland 
28. It Ky.loIco., Gr •• u ". tt. Klip, ttolleond 
29. 'Y, Hllmhalo. Swed.n ... J. ley •• holm, Denmark 
30. C. E. Worthen, Gil. ". S. W. 0111011, Gil. 
31. A. II.o ......... n. DlrtnlClrk '0. D ... 5/""IeoI •• GR 
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DETERMINATION OF 

CAPTURE PROBABILITIES 

OF 

PRECIPITATION PARTICLES 

WITH 

THE STROBOLUME 

by Dr, Roland List· 

Qne of the ma.jor problems of modern 
cloud physics h; the dcscript.ioD of the 
growth of precipitation particles (rain­
drops, graupcls and hailstones). T heo­
retical computations show that the gas­
phase contributes negligibly to the 
growth of the mass, as long as the grow­
ing particles show diameters of morc 
than 2 mm. The determining factor for 
t.he growth of precipita.tion particles is, 
therefore, the accretion, the capture of 
cloud particles, either water droplets 
or ice particles with diameters from 
10-100,11. 

IT we observe, for instance, the growth 
of ice particles falling in a cloud of under­
cooled water droplets (temperature less 
than DOC), we can determine the collec­
tion efficiency based on the growth of 
the mass of a test particle in form of 
icing. This can be done by careful deter­
mination of weight. The result, however, 
does not give us dependable information 
about the number of impinging particles 
because we do not know exactly how 
many of the particles arc hurled back 
into the air stream. To determine this, 
stroboscopic photographs wete taken 
with the General Radio Company Strob­
olume during icing tests of the climate­
controlled wind tunnel on the Weiss-

N OV E M 8e R, 1 9 63 

fl." •• 1. lei"1l of. 2 ... m , t •• ' ... 11 ' n .. n .. I. at._m 
(t .... p .. ot",. -S~C ). 

fluhjoch, Switzerland. The Strobolumc 
switch was in the high intensity positiolJ. 
Figure I shows the icing of a 2-cm sleel 
ball in an air stream of a velocity of 
20 mIs, at a temperature of _5°C and 
an absoluw humidity of approximately 
4 g/m', The u.verage size of the water 
droplets is 50 ~. The photo wa... t:\ken 
with an Alpa. camera with normal lens 
and adaptor rings atl/ Il. Agfa, lsopan 
Record Film, wit.h a sensitivity of 
34-40oDTN (2000- 8000 ASA) was uscd. 
The most important tesultobtained from 
this photographic observat.ion is tha.t, 
under existing icing conditions, no re­
bounding of impinging water droplets 
could be observed. Therefore, the num­
ber of impinging particles equals the 
number of captured particles (collision 
efficiency equals collection efficiency). 

Thc following additional conclusions 
can be draWl) from li'igure I: 
a) The direction of movement of drop­
lets can be determined from their appear­
ance in lhe photograph as streaks of 
light. Since the electronic flash of the 
Strobolume shows, directly following 
trigger, a defined intensity peak followed 
by a steady decay, the movement vector 
of a "particle streak" can be Sl'ell from 
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F,-.... 2. leI"l of 0 2-cm It,,1 Itoll I" 0" 01. "nom 
(,_ ....... , .... - 25"(;11 oIlom .... of 'h. On'V'"1 
Ic ..... rtlclH 0, ... ltcool'" ..... , .. dropl ... 50.100 " . 
01t._,,1 Ih. "lto .. "oIo.y loy ... " of th ••• 100 .. "011"1 
.... rtldH. for Ihl. pho'og ... ph, 0 ,'ot m .. ",I" .. ,lo" 
(1101 op,"I"1 2 "'''' ) ...... ".M, "ecHlltolh'l .. 
co"' .... op."lng 1o 1/ 1.6. Th, ,,'"1101. oIlff ... etlo" 
.... " .. " " .. I",) . . ... Ih fro", •• ",ooludio" 01 do .. d 
d.opl,,, poui"1 th • • t,,1 Itoll 01 0 dl.lo"c. of 

",0 •• 'hon 2 c'" In 'h, dl.ectlon of ,t.. co", .. o. 

the brightness pattern. For a slot illu­
mination, pcrpcndicuJar to the camera 
axis and passing the center of the icing 
particle, the flow Jines of the floating 
particles can be determined. 
b) [f the pnrtieles arriving at an air 
stacie are partly iced, the rebounding 
particles can be observed as such from 
their "streak direction" (Figure 2). 
c) From the direction of the strcak 
image, the velocity of cloud particles 
can be determined as a function of their 
location as long as the particles do not. 
differ hugely in size. 

From these obSC'rvatiolls, it. is appar­
ent that the Strobolume is n usefu l 
device for research of the complex cap­
t.ure processes which, in a diversity of 
manner, piny fUl important role in the 
formation of precipitation. 

The observations described here were 
made within the framework of the re­
search project. No. 2071 of the Swiss 
National Fonds. 
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A cordial welcome awaits our New England friends at t he 
OR booth. Drop around and see the new instruments you 
have been reading about in lhe Experimenter. We'll be glad to 
demonstrate tbem to you. 

General Radio Company 
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IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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