
H E GE E R A L AD 0 

FEBRUARY-MARCH, 1963 

www.americanradiohistory.com

www.americanradiohistory.com


2 

GEN E R A L R A DI O E X PE R IMENTE R 

A RADICALLY NEW COAX,IAL CONNECTOR 
(Continued from page 1) 

'I he in trumc='nts and component 
can also be u ed to advantage for 
me,, surcments on y tern fi ted with 
other types of connectors through the 
u e of adaptor . The errors introduced 
by hese adaptor are mall compared to 
the error and uncertainties in the 
ch ract ristic of mo t other connectors. 

Design Objectives 

Th design objcc ivcs of the TYPE 900 
Connector program were: 

(1) !Jach conn ctor mu ·t mat with 
every other and be elf-eontained, with 

no male or f emalc part,s or loose parts, 
uch as bullets. 

(2) haracteristic imp dance must be 
50 ohm + 0.1%. 

(3) onnc tor v 'WR mu t be better 
than 1.01 up to 9 Ge. 

( 4) Connector vs WR mus be repeat
able to within 0.1 %. 

(5) The connector must incl lde an 

insul at ing b ad upport for th center 
onductor. 

(G) All current-carrying m·faccs 1nu t 
be of . ilvf'r or a ilver alloy for low los 
and low contac re· i tance. 

(7) Th leakage of energy from the 
connc tor mu t be lower than that from 
any other available connC'ctor. 

(8) Th clcctri al length mu t be a 

convenient, intccrral number of mil li
meters. 

(9) vswR-guaranteed limits must be 
e tabli hf'd and a h connector h 'k d 
again t th limit up to the cut-off 
frequen ·y of the air line. 

The over-all obje tive, then, wa to 
de ign a connec or far better than any 
exi. tino· typ- and to manufa · ure it t 
reasonable cost. For example', the de io·n 
tol ranee on chan.1 teristic impedance 
wa et at + 0.1 o/c, and hi dictated 
tolerances on the diameter of the inner 
and outer conductors of + 100 and +200 

microinchc. ,  rcspecti' ely. Once thi de-
ign obje ·ti c \;<,a fiozcn, then exten iv 

produ ·tion engine ring w a r quired to 

find rcla ively conomical methods of 
manufacture to u ·h lo c tol ranee . 

Description 

Th TYPE 900 on.nectar i intended 
for u e on rigid air-diele ·tric, 9/16-
inch, 50-ohm coaxial tran mission line 

(principal dimension : 0.5625 inch and 
0.2-1-425 inch). Th connector (Figure 1) 
con i t of (1) a olid ilver-alloy innC'r 

conductor and spring contact, (2) a 
solid coin- ilver outer ndu ·tor, tain
le -. te 1 centering gear ring, and lock

ing nu , and (3) a olid Teflon bead up
port. The ·onn ctor is attached to th 
air line by a coupling nut and retaining 

I NNER 

CONOU\TOR 

CENTERI NG 

GEAR RING 
, 

RETAINING 

RING 

LOCKING 

NUT 

I I I 
SPRING BEAD OUTER 

CONTACT SUPPORT CONDUCTOR 

I 

� 
I 

COUPLING 

NUT 

I 

Figure 1. Exploded view 
of th e Type 9 00-BT Prec i 
sion Coaxia I Connector. 

www.americanradiohistory.com

www.americanradiohistory.com


ring on th out r conduct r; h inn r 
condu or I thr aded into an -32 

tapped hole in th cen er conductor of 
the air line. Silver i u ed exten ively 

throu<Thout the connector, and all ilver 
part are plated with a f w microinche 
of gold to keep them from tarni. hing. 

Mating Surfaces 
V\ hen two of th connectors ar 

mated, the centering gem.· ring inter
lo k and o erlap in order to center each 
of the conn ctor ·with re. p ct to the 
oth r, and" Lo to provid indc ing in n 

of 16 po ible po ition . The outer ·on
ductor have solid coin- ih er fiange
type urfac ·, whi h ar bu ted tigh ly 
together by the pre urc of he lo king 

nut. nly on of th locking nut I 
ne es ary for h conn tion; the un
u d on=- i ba ·ked off into a torage 
po .. ition. The over-all diameter of th 
mat d pair is nly 1-1/16 inch 

The fr nt urface f .he inner n
dnctor are r cess d by 0.001 inch with 
resp ct to the surface of h outer con
ductor. to in ur ·hat the outer ondu -
tor ,...,-ill alway meet fir t. I nn r on
ductor contact is made by a pnng-

ontact a mbly, which proj lightly 
beyond the urf· c of h out r ond u -
tors until the connc tor i mated ( ee 
Figure 2). The . pring-contact a embly 
consists of six olid silver-a11oy seg

m nt , independently pnmg. pon 
mating, these onta t ar fore d ba k 

nd pread, making wiping contact both 
with one another and with the inside 

urfa of th inner conductor. Thi 
method of mating inner conductor 
avoids he di advantages of lot plac d 
in the ele tric field, and it does not affect 

th diam ter of the inn r condu tor. 
Only one spring contact i nece arv for 

a good 1 ctrical conn c ion; h pnng 

F E B R U A R Y -M A R CH ,  1963 

SOLID SILVER-ALLOY 
CONTACT ELEMENTS 

Fi gure 2. Cross-section view of the con nector sh owing 
contact surfaces of two m ated i n ner cond uct ors. 

or ta twill mate ju t a well with a fia 

nrfa e. 
When '\YO com1e tor are mated the 

conductor meet in the center of th 
connection, and hi provide a ver 
conven:i nt el ·trical ref r nc plane. 
(For ir1 tar ce, a reference hor circuit 
consi t of imply a di c, who e electri
cal po ition coincides exactly with t he' 
cen rline of he mat d pair.) 

The outer condu tor ar h ld in ali0·n
m nt to within 0.001 inch by the cent r
in()' O'ear rings and fonn a continuou b b 

tube through the centerline of the joint. 

In thi rC' pC'c , the connection i a pr -
ei e a that f rmed by the jun tion of 

t' o wavC'guide fian()'es of the typ u d 

in pre i. ion waveguide tandard . Un

like wavcO'uide , however, the mating 

rfa e ar protect d from. a idental 

damao·e by the te th of the g ar ring, 

whi h .-tend well b yond the e nrfaces. 

If the m·f ace of th out r ond i ·tor i. 

damag d. or il d, the gear rin<T and the 

spring contact. c n b� rem v d "ith ut 

di a m bling the conne tor, ar d the 

ma ing urfac can be lightly lapped to 

re tor it to i ong1n 1 ondition. 

Bead Support 
An ntial part of any o·enerally u e-

f ul oaxial connector i th b ad ipport, 
and thi part u ually is the most trouble-
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omC' to de ign. A new approach has 

been used in the TYPE 900 onnector, in 

order to tak ad ant ag of the exc .llcnt 
ele trical propertie of Teflon without 

in urring the disadvantage as ociated 

with its difficult mechanical propertie . 
The b ad i made lightly larger than 

the inner diameter of the outer conduc

tor, o t hat a pr fit i, ne e ary . 

� irnilarly, the be d thi ·knC' i ligh ly 

ov r ize , and the hole for the innC'r 

conductor undC'rsized, so that the bead 

finally a ume the dimen ion"-' of the 

m t· 1 part ra her than it original di

men 10ns. The faces of the bead are 

undercut to compen at for di ·continuity 
apacitanc � at th int rfac: . Th dept h 
f these undercut i u ·ed to keep bead 

weigh within clo c tolc>rance. \N ight 

has been found to ha a fir .... t-ord r 

effect on vswR whik minor variation 

in didectri constant or mechanical 

dimen. ions with weight held conRtant 

ha vc only a cond-order eff · t. \. 
further advantage , the pr -fit Teflon 
bead hold the." inner and outer conduc

tor· ogcther in a rigid a mbly and 

keeps dir and moi "tun' fr m cnkring 

·h lin or component. 

ThP electrical performance of the bE'ad 

nppor determine the pcrforman ·c of 

th0 connector. 'I he type of bead used in 

this onnector was de crib d by l\I. 
Ebi ch ', and it appear to give perfe 

results up o and abo th' cut-off fr -

quC'ncy of th air line. The haracteris-

1 ;\l. Ebisch, "Coaxial i\Ieasurement-Lin In ert of lligh 
Pr cision for the l're 1uency Range 1-13 ,c,'' F'requenz, 
February Hl59, Vol 13, No 2, pp 52-56. 

Figure 3. Type 900 
Con nector V S W R  vs 
frequency. A ll con
nectors m ust meet the 
t est sp e c i f i c at i on 

s h own. 2 

.. 

tic impedance in. ·ide the bead i C'xactJy 

50 ohm . Bo h the inner and ou er con

d u · or ar t pp d to accommoda tc 
the bead , for it ha b en fo ind that the 

bead end capa itance i thu minimiz d. 

The effc ·t of h remainino- end apaci

tan · i omp n ated by r moval of 
some of the didc tri · from both face of 
the bead. As a r . utt, the v 'WR of a 

·inglc b ad upport of thi ype can be 

hC'ld to le han 1.001 up to 9 · .  The 

performance of the connector i theoreti

cally equal to that of a beadle s onnec
t r, and the only limitation are ho 

impo ed by manufacturing olcranc 

Performance 
VSWR 

Th most important hara eri ti of 

a preci ion conn ctor i , of cour c, it 

v 'WR; that, i , the ext nt o which it in.

trod uces reficetions in to an otherwise 

mat h -d tran mi , ion lin . Firrure 3 
how th v WR te t pe ·ifi ation tha 

each connector pair mn t me t (1.001 + 
0.001 fGc) a w 11 a an av rag chara -
teri tic. onnec tor v 'WR i m a urcd at 

ix fr qu n ie 1p to 9 c. inc it is im

po:::; ible to y how much ach conn ctor 
contribute� to th v ·wR of the pair , the 

tC' t limit for th pair ar u d a th 

ca alog p c ificat ion for a inglc connec

tor. Sine the vswR of the. e connector 

i well b low 1 .01 over the entire fre

quency range, sc cral new tc ·h1 ique 

and new instrument had to be devel

oped to measure uch low value of 

v.  WR. For example , a ub t it 1tion 

method of mea uring he vswR of pre-

3 4 5 
FREQUENCY IN Ge 

6 7 8 9 
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1 ion connectors2•3 wa devised to dis-

tingui h th v WR of h onn ctor 
from th r idual v WR' in th lo t d 
line and termination. In this method the 

ba i tandard is a short length of rigid 

air line who ch ra t ri i impedan e 

can be accurately calculated. A slotted

line recordino- y tern wa developed, 

which made po ibl th m a urement of 

v WR' a small a 1.0005 by a ub ti u

tion method. The hart record of such 

a m asur m nt i 

the full- cale valu 
hown in Figure 4; 

of R can be ad-

ju ted ontinuo i ly from 1.20 to 1.00 

Repeatability 

Another ery importan t characteristic 

of a pr-ci ion c nne ·tor i r peatability , 

that i , the con i t ncy of mea ured 

valu a h onne tion i br ken and 

r mad in dif-f r nt orientation . Th 

rep atability of the butt joint of he 

outer conductor i virtual ly p rf ct a 
lono- a h fa e are kept rea onably 

2 A. E. anderson, "A New High-Precision fethod for 
the 1\Ieasurement of the · WR of oaxial Connecto1· ," 
I RE Transactions on Nficrowave Theory and Techniques, 

ovember 1961 Vol MTT-9, o 6, pp 524-52 . 
3 A. E. Sand rson, " n ccurat ub titution ::\1ethod of 
l\leasuring the Y WR of oaxial OJ nectors," Th 
Microwave Journal, January 1962, Vol 5, No 1, pp 69-73. 

40 35 30 
PROBE POSITION, CM 

F i g ure 4. Chart record of the measurem e nt of the 
m in i m um dete ctable VSW R .  Curve 1 sh ows a peak-to
va lley voltage variat ion of 0.05o/0, c orrespond i n g  to a 
VSW R of 1 . 0005. Curve 2 show s for com parison a 
"flat" line, VSW R = 1. 0000. The freque n cy is 6 Ge. 

F E B R U A RY - M A R C H ,  1963 

clean and free from nicks or cratch s. 

The connectio1 of the inn r condu tors 

r p ats to wi hin + 0.03% up to 9 Ge, 

owing mainly to th action of the pring 

contacts, ·which maintain a good onnec
tion even when here i om mi align

m nt, without tran mittino- torque or 

bending momen a ro the j oint . This 

i importan be au e the two inn r con

ductor are rar ly p rfe tly centered 

with respect to the outer conductor , o 

ha , a two connectors ar mated in 

differ n t  ori n t.ion , th alignmen of 

h tw mner ond l tor hang s. The 

mi alignmen itself i no o impor ant a 

rain introduced wh n 

"bullet " are u ed to force h center 

conductor into alignment. A chart 

re ord of a repeatabili y run i ho-v n in 
Figur 5; b tw n ach lin - the joint w s 

broken, rotat d 45 degTe and r made. 

The total pread is les than + 0.02%. 

Leakage 
The akag of energy from a c axial 

conn ctor can be of gr a importance in 
measw·ements a low levels, o;r when 

larg amount of attei1uation are 
'
pre nt 

in th y m. For example, e1 ergy 

could b lo t at h inpu conn ctor of an 

40 35 30 
PROBE POSITION, CM 

F i g ure 5 .  R e peatabil i ty of the Type 9 00 Connector a t  
6 Ge. Between each p a i r  o f  l i n es o n  the c h art, the con
nection w a s  broke n ,  rotated 45°, and re made. The 

spread in mea sured VSWR's is l.ess than ± 0. 0 23. 
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Figure 6. leakage of 
coaxial connectors as 
a function of fre-
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a tenuator and recovered at the output 
connector, causing an erroneous indi
cation of attenuation. The leakage of 
the TYPE 900 Connector is compar d 
with that of other types of connectors in 
Figure 6, and is low r than that of any 
other commonly u d coaxial connector. 4 

This i due to the triple hi lding action 
of (1) the butt contact of the outer con
ductor , (2) the interlocking and ov r
lapping of the centering gear rings, and 
(3) the outer locking nut. 

Insertion Loss, Electrical Length, and DC 
Resistance 

The insertion loss or attenuation of 
the TYPE 900 Conn ctor is minimiz d 
by the use of Teflon for th bead and 
solid silv r alloys for both the inn r and 
outer condu tors ( ilver-plated sur
faces are relativ ly poor conductor in 
contras to the e alloy ). Th insertion 
loss of a mated pair depend on fre
quency, ac ording to the following 
approximate formula: 

Loss = Vfec X 0.002 db. 

5 6 7 

This is virtually the same a the lo in 
an equivalent length of silver, air
dielectric tran mi ion line. 

The electrical length of a pair of 
TYPE 900 Connectors is 3.50 cm and is 
virtually in depend n of frequency. The 
de re istance of a mat d pair is typically 
0.4 milliohm for th inner conductors, 
and 0.04 milliohm for the out r conduc
tor . 

Conclusion 

The TYPE 900 lin of coaxial equip
ment includes m.any instrument and 
components either now available or in 
d v lopment. Among those oon to be 
announced are a pr ci ion lotted line, a 

Iott d-lin r ording y t m, and vari-
ou t rmination , air-lin ction , and 

adaptors. 
During the past three year , proto

types of the TYPE 900 Conn ctor have 
b en u ed a General Radio and at oth r 
r earch laboratori Thi xt n iv 
field testing ha proved that the theor ti
cal excellence of this connector design 
has been realized in a stable, practi-

•J. Zorzy and R. F. -'1uehlberger, "RF Leaka.g Charac- cal Connector. 
teristics of Popular Coaxial Cables and Conoe tors, 500 
Mc to 7.5 Ge," The Microwave Journal. November, 1961, 
pp 80-86. -A. E. NDER ON 
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SPECIFICATIONS 

Frequency Range: DC to 9 Ge. 
VSWR: Less than 1.001 + 0.001 X Jae per con
nector. (Connectors are tested by ·pairs, and 
this figure is used as the test limit for a pair of 
connectors.) 
Repeatability: Within 0.05%. 
Leakage: Better than 130 db below signal level. 
Insertion Loss: Less than 0.003 VJ Ge db per pair. 

Type 

Electrical Length: 3.500 ±0.005 cm per pair. 

DC Contact Resistance: Inner conductor, less 
than 0.5 milliohm; outer conductor, less than 
0.07 milliohm. 

Dimensions: Length of one connector, 1-3/16 
inches (31 mm); maximum diameter, 1-1/16 
inches (27 mm). 

Net Weight: 2 ounces (60 grams). 

Code Number Price 
900-BT Precision Coaxial Connector . . . . . . . . . . . . . . . . .  . 0900-9405 $35.00 

MEASUREMENT OF DIELECTRIC PROPERTIES 

OF PLASTIC TENSILE SPECIMENS 
By LAWRENCE C. LYNNWORTH* 

Avco Research and Advanced Development Division 

Wilmington, Massachusetts 

Introduction 

ew research and production-line 
applications for instruments of calibra

tion-laboratory caliber are being moti
vated by reliability requirements for 
aerospace materials. These require

ments, and the corresponding need for 
electrical measw·ements, may be ex

plained as follows: 
The tensile properties of metals, ce

ramics, and plastics exhibit consid rable 

variability. Plastics, in particular, show 
variation attributable to composition 
nonuniformity, poro ity, degree of cure, 
anisotropy, cracks or foreign inclusions, 
and absorbed moistw·e. In view of this 
observed variability, a nondestructive 

m an of predicting the tensile proper
tie of plastics is desirable. Pr diction 
of properti s becomes especially impor
tant in aero pace applications where 

afety factors are minimum. 

One approach to the problem of pre
dicting th t n il properties of variable 

*Now with Parametrics, Inc., Waltham, Mass. 

plastics lies in the correlation of dielec
tric properties to the above-mentioned 
factors that influence mechanical proper
ties. These correlations have been re

ported in the literature and occasionally 

Figure 1, Standard tensile bar in dielectric sample 
holder. Pin in iig acts as stop for sharter specimen. 
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TENSILE 
STRENGTH 

K or D al JO l<C 

Fi g ure 2. Hypothetical i nverse relati on whe n  water 
a bsorpti on reduces tensi le stre ngth of a hygroscopic 

plastic. 

provide th b... is for quality-cor trol pro
cedures.1- For example, absorb d water 

weakens pla tic, while increasing its di
e ctri con taut K and di ipation fac

tor D. Ther for , mea ur ment of Kor 
D indi at wat r cont n , fr m whi h 

r<:>duc ion i n  tr ngth may b pr di t d. 
In this not a fast and simple mean 

of detcrminino- the degr e of correlation 

between dielectric and tensile properties 

i describ d. 

Discussion 

In Fig"lu-e 1, a t n il ar i cent red 

in a e1wral Radio Dielectri ample 
:Holder, TYPE 1690-A. Th ten ile bar 

conforms to the dimen ions recom

mended in ASTM D638-61T· i.e., th 

uage 1 ngth i two in h · .  This i fortu
nat , b cau e th ample hold r ( ee 

A TM Dl50-59T) af'cordingly amples 
only the gage length. 

The unorth dox r moval of the side 
doors haA not c caused measurement 
difficulty, as was vcrifiPd by tests on the 

Teflon specimens in the foreground. In 

an electrically noi y cnvironm n , how
ev r, hielding would be required. 

Figure 3. 
Closeup of probe and slabs. 

8 

Since the specimen is one-quarter 

inch thick, bu th gage area i only 
about on quare in h, C = EreoA/d i 
usually between one and ten pf . There

fore, a hunt apacitor is required, such 

a Variabl Air Capaci or, TYPE 874-
VC, to bring the capacity up to the 

range of the Capacitance-Measuring 

Assembly, TYPE 1610. 

Procedure 

In practice, to d termin whe her a 
u ful orrelation exi ts be ween di-

1 ctri and tensile properties, a tensile 
bar, after u.itable environmental condi

tioning, is wiped dry, centered in the 

sampl holder , and C,,, and D,,, arc d ter

mined at 10 kc, for example. The bar is 

removed and i ready for tensile te ting, 

with les than one minute add d to the 

interval be ween pret t environment 

and t n ile test . 
When more than one factor is sus

pected of influen ·ing tensi le prop rtie 

(for xample, moi ture ab orption and 
re in-harden r ratio), i may be ne e -

ary to u two or more test fr qu ncies. 

Results 

For a hypothetical case, wherein 
moistw'e ab orption reduces ten il 
strength and i the only variabl pre ent, 
corr lation i · ill 1 rated in Figur 2. 
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Figure 4. 
Ca pacita nce vs thickness of 

air -bak.ed dielectric slab. 

F E B R U A R Y - M A R C H ,  196 3 

AIR 

DIELECTRIC SLAB-�_] 

v 

2 

ASYMPTOTIC 
CAPACITANCES 

l�--'�-'-�-'-�-'--�'----'�-'-�_._�__._�_.___--'�-'-��� ;, 0.5 LO 1-5 2.0 2.5 3.0 inches 

Quality Control on Production Line 

Once a correlation ha been e tab

li ·hed, ten il propertic may b pre
dicted on th ctual pro du tion par by 

using an electrode arrangemen d igned 
or calibr ated to yield K and D. One 
u eful configuration · n i t f · ncen

tric electrode (Figure 3). Other hape. , 

uc;h a� contoured or elongated pro be , 
are of course pos ible. 

It inay b m ntioned that v n if 

probe geometry i not amenable o math-

matical analysi"', mea ur m nt of K 
and Di till imple, ince prob calibra

tion by lab of tandard di l · ri 
materials is straightforward (Fio·ur 4). 

Conclusions 

A capacitance and di ipation-fa · tor 
m a LU ment · b come increa ingly en-

iti ve over a range of frequenci orre-
lation of dicle tri and phy i al proper
tie may provide the ba i for q uali y
control pro edure and for nevv c; nd 
intere tincr appli ati n for in tru ments 

·hat may have be0n o · · a ionally con-
fined to the calibra ion laboratory. Th 

T PE 1 690- Diel tric ample Hold 1 
ha be n u cd ati:sfactorily with A Tl\1 

D638 en ile bar , and m y al o b ui t

ablc for te tino- tensile samples of thin 
pla tic h eting ( STM D882-Gl T) or 
non rio- id plastic (A Tl\II D412-61 T) . 
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RANGE EXTENSION O F  THE 
TYPE 1 6 1 5 -A CAPACITAN CE BRI DGE 

I n  he TYPE HH S-A apacit anc 
Bridge th large t . tandard capacitor  i 
1 000 pf, and the l arge t rat io i n  t h  
t r  a n  f ormcr ra · io arm i 1 000 : 1 .  The 
bridge an ther for , mca 'ur  unknown 
('Upa('i tor up to 1 . 1 1 1 1 0 µf.  The range of 
the bridg0 can be ex end d u p\ ard con
t i nuou ' ]y through another de ade t o  
1 1 . 1 1 1 1 0 µf by t he use of an extc>rna l 
�tandurd apaeitor f 10 ,  00 pf_ 

T'h T rpE lGl  - - P l  Range - Exte n ,  ion  
api:. citor i '  a 1 0,000-pf m i  a ·apacit or ,  

d e  · ign ed for easy connec t ion and adj u t 
m_ent to xtcnd th range of t he bridcre 
to 1 1  µf.  

Th l ridgc has E XT ,'T. \ N D_\ R D  termi
nals o whieh thi .  capacit r an b 'On
nected and an 1 vcn-po. it ion rotary 
. witch , whiC'h ·o mwet.· t h  capacitor to 

Type 

t he tran former tap to p roYide t he ame 
t p of adj ustment in the cx crnal 

decade whi · h  the 1 ver proYide for 
i n t  rnal tandard . 

Thi apacitor is  not a cal ibrated 
tandard . It i to b adj u ed in t erm 

of the tandard i n  he bridg by m an 
of  i t  variabJ tri1nmer apacitor for 
eit her two- or three-terminal op rat ion .  

Dim ensions:  D iameter 3- 1 / 1 6  b length 4 Ys  
inches ( 7  by 1 25 m m )  . 
Net Weig ht:  1 pound (0.5 kg) . 

C'ode u mber Price 
1 6 1 5 - P l  R a n g e -E x t e n s i on C a p a c i t o r  . . . . . . . . . . _ _  . _ _ _  . .  . 1 6 1 5-960 1 $ 3 5 .00 

TYPE 1 63 3 - P l RANGE-EXTENSION U N IT 

Th TYPE 1 633- 1 1 ang -Extc> n ion 
nit an b u ,  d ' ith t he TYPE 1 633-A 

I n  r mcn tal- I nd u  t;, n e Bridg to cx
t P nd t he C' l l rrent rating to 50 ampere . 
It connects a. 250-wat , 0 . 1 -ohm re i tor 
i n  para l le l  w it h  o ne of he bridg n,rm . 

H igh- · urre nt termi nal ' capable f ac
e· mmodat i n g  lPads up to 1 /-! in('h i n  
d iam tcr arc provid d on th rangC'- x
t n ·io n u n i t  fo r t he generator and un
k no\v n .  A cal le if'< furn i�hC'd for co n n  c 
t ion to the bridcr . 

'Vhen t h  xt n ion uni  i -. con-

Type 

nccted , t he operation of t h  brido·e i � 

u11 ·han crc>d,  but o n !  t h  a b and c 
range can b u ed . Brid ffe r adi ng m u  t 
be mul t ipl ied by . 1 .  Th upper l im i t  of 
m a ur men t  is 1 00 mh up to 1 20 ps 
and 1 0  mh up to 1 kc. 

The Lve of the T Y P E  1 63 ;3-P l R ange
Ext n sion nit  at frequc>ncic. up to 400 
cp can cau c up to J o/r' additional error 
i n  the bridge readi ng . o rre t io n  a n  he 
made for the l aro·er <:'rro r  occlnTin o· < t 
h igher fr q ucncie . Th temperat ure 
coefficient of t he re i ' tor i .  le  s t han 20 
ppm p r dC'grcc Cen tigrade . 

A ny c urrent up to  30 ampere.  o ntin
uo ns, or :30 ampere , i ntermit ten t ,  ac or 
de, <'a n be u C'd . ont i n uou operation 
at 50 amp re \;v· i t hout forced-air c o l i n g  
i n o t  recommend d .  

Dim ens ions: Width 1 0 ,Y2, height 4 �, depth 
5 i n c h es (270 by 1 1 0 by 1 30 m m ) .  

N et W eig ht:  5 U  pound (2.4 kg) . 

Code Number Price 
1 633-P 1 R a n g e -E x t e ns ion U n it . _ _ _  . . . . . . . . . . . . . . . . . . . 1 633-960 1 $ 1 2 5 .00 
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PERSON N EL C H AN G ES 
a t  our 

Sa les Eng ineering O ffices 

Ri hard G. Roo-cr now at our Xew 
Engl and Office ,  will be devoting f u l l  t i me 
t o  a l l i n g upon ur u to mcrs in t he 
Bo ton and o u t hcrn K 'W E rw land 
· reas. 

crald L. LC' t t  wa a igncd to o ur 
\Va hington O ffice, i n  Kov mber 1 962. 

Crawford Law Richard Eskela nd 

F E B R U A R Y - M A R C H ,  1 9 6 3 

Gerald Lett R i ch ard R ogers 

R ichard I\: . J< .... t=:kc l and ha. r0c0 n t l y 
j oi11.C'd t he t aff of ur .:.\ l d r  po l i t a. n _ - C \\" 

T rk Office' . H w i l l  ! )('  < ·a l l i n �  o n  o u r  
c u  tomC'r. i n  t hC' no rthC ' rn :\ c w  . T C' n .;C'y 
area . 

Cra,y f rd E .  Law h as bee n a t  o u r  
Syra c n .  C '  Officc ,' i nc P  Oct o bP r  1 9G2 . I I0 
w i l l l)(' \:isit i n g f ' l l  to mcr i n  _ T c w  York 

tale we t of rn · u  

I NSTRUMENTATION IN ISRAEL 
ThC' F i rs t  I n t.Prn a t i o n a l  E lectro nics 

� u c leoni s, Co n tro l and cicntific I n

trumcntatio n Exhibit i n  I racl wa he ld 

at Te l Aviv , �ovembcr 7 t hro ugh 1 6 , 

962 . on-ie 5000 rcpre c n tative · of 

e iC' BC' , n criuC'C 'ring and i n d u.- t ry i n  
I sraC']  came to . ·ec t he l atc-�t e q u i pmen t 

di · play d by l G  man n fnet n rc rn ,  i n c l ud

i n c:r Ge ne ra l Radio , \ ho.-c l oo t h  i :-:  
··hown i n  the p h  t ograph bdow . 

( Left) Mr. R .  Dan z i ger of Eastronics,  Ltd., Genera l R a d i o  repre se ntatives i n  I sr a e l, d e m onstrates G R  
i n str u ments to M r .  I .  B e n  Menac h e m ,  Postmaster Genera l o f  I srae l .  ( Right) Colon e l  M .  Kas hty, 
D e p uty D ire ctor Ge nera l, I srae l  M i n i stry of Defense, w atches a demonstration of the Strobotac ®  

electronic stroboscope b y  Peter Maca lka o f  Ge nera l R a d i o  Com pany ( Overseas). 

1 1 

www.americanradiohistory.com

www.americanradiohistory.com


The General Radio 
E X P E R I M E N T E R  
i :s m a i l e d  wi t h  O !;J f  
ch orge each m orrth fo 
en g in eers, sci entists, 
tecl:mfr: ians, and others 
intere·sfed in eledronic 
techniques in meosure
menf. When send;ng 
requests for subscrip
tio n s  a nd o dd ress
c:honge notices, please 
supply the following 
i n f o· r m a f i .o n :  n a m e ,  
company address, type 
o f  business company is 
engaged in, and title 
or po$ifion of individual. 

T H E G E N E R A L  R A D r 0 

fXP f R IM f  NT f  R 
· �1963,- G E N E R A l R A D I O  •C O M PA N. Y1 W E S T  CO N C O R D, M A S S_, u.s. A_ 

Publishe.d Monthly by the General Radio Compa11y 
VOL U M E  37 • NU MBER S 2 &. 3 FEBRU A RY-M A R CH ,  1 963 

CON TEN TS 
A Radica l ly New Coa xi a l  Connector for H i g h-

P.-ecisio'n Measurements . . . . . . . . . . . . . . . . . . . . . . . 1 
Measul'ement of Diel ectric Pro perties ·of Pla stic 

T ens·i le Specimens . . . . . . . . . . . . . . .  _ . . . . . . . . . . . 7 
R a n g e  Extension of the Type 1 6 1 5 - A  C a p a citance 

B<1ri d g e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 0 
Typ e 1 633-P l Rc ng e.�Extension U ntt . . . . . . . . . . . . . . . 1 0  
Personnel Cha n g e s  c t  our Sa les Eng ine·ering O ff ices .. . 1 1  

l nstrum entaiti o n  i n  lsrnel . . . . . . . . . . . . . . . . . . . . . . . . . 1 1  

G E N E R A L  R A D I O  C O M  PA 
West Con cord, Ma s-sac h u s.etts * 

Telephone: 'Concord) EMerson 9-4 400; [Bo�cnJ Mlssfon 6 - 7 400 
Are-a Code N1:1m beir: 6 1 7  

N EW  Y O R K : "' Br.a ad Ave 111 ue· at linden, Rldgaflie:ld, N e w  Je rse·y 
Telephone - N, Y., 96 4-2722 

N. J. , 9 4 3 - 3 1 40 

SYR A C U S E; Pick ard BuiEdFng, East M o l l oy Road, 
Sy:ra c:us.e 1 1 , N .  Y. 

Teleph·one - 4 5 4 - 9 3 23 

C H IC A GO : *' 6605 West N orlh A ve n u e ,  O ·ak P ark, r l l inois  
Telephone - 8 4 8-9400 

P H I LADELP H I A: ·1 1 50 York Road, Abingt•on,  P elll m;ylva nia 
r,,,.J'ephon<'t - f'llirg., 42 4 .7 419 

Abing lorr, 8 8 7-84 86 

WASH1N.GION:* Rockv ille P'ike al' Wall L•ane, R ockvi le, Maryland 
Teleph one - 9 46 - 16 00 

FLO•IUDAi ·1 1'  3 E ·as't C o l oniaJ Drive, O rla ndo, F�o.rida 
1e'leophane: -425-4671 

D A LI.AS� 250 1 -A Wa-s-t Moc;ildn.gbird l.o ne, Dallas, Te x as 
Tei e�hone - Fl.eetwood 7-4 0 ,1 1  

l OS A N G l:E.ES : "'  1 000 Nl orrh Sowanl St. ,  l os A n geles 3 9 ,  ·Calif. 
Talephone - 469-6201 

SAN FRANCrS CO: I 1 86 Los A ltos. Ave., Los A l tos, Calif. 

C A N A D A: "'"  

Tefepho•H� - 9 4 8 - 8 2  33 

9'9 Flo.ta P·"'rkway, Toro nt.o ·1 s, On!ario 
Teleph·one - 2 4 7·2 1 71 

*Rep air servk s GT� avoilable o;il these offic�s.. 

GENE:�AL •RADIO COM P A N Y  ( O V E R S E A S ). ZURICH., S W I TZ E R LA N D  

R EP R ES ENTATIVES I N  P R INCIPAl O V E•R S E A S  COU N T R I E S,  
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