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he slo ed line i the traditional 

wo:rkhor e of the microwave mea ure­

ment industry. I can be used to m a -

ure a great number of parameters over 

an extremely broad band of fr qu ncie 

and with good ac uracy. The lot ed 

IJ.ine ha ·t O\'Vll in ernal imp dance 

refer ce, an accurately con tructed 

coaxial line, \ hich is e entially free 

from aging effect . I is used to mea ur 

vs WR reflection oefficien t tram mis­

sion coeffi ien , impedanc and d­

mittance (resi tanc inductance, and 
capaei ance) of both pa ive and active 
network. (diod , tube , tran i tor ) · 

e] ·trical ]eng h of 1 wo-ports; pha 
delay; in rtion lo s or attenuation of 
ne works abl for example; and die-
1e1ctric constan of ma erials. It can 

1 R. H . .Behle, L. J. Smith, ' Studies of Cold-Test Proce­
dures Used in the Development of the L-4061 C:ro ed 
Field Amplifier." BTLlnterna)Report, No �11\J.-63-2843-7, 
p 9; Bell Telephone La.borntoriea. Laureldale, Pa. 

THE !IMPROVED 

al o be u ed as a precision phase hlfter 
and a a waveme er. 

The Iott d line ca.n al o b employed 
for accurate \V p-frequency m asur·e­
mcnt of v wR1 p rfo·rming the function 
of a refle tometer o er a wide frequency 
range. 

GR manufacture two1 slotted lines, 
one ba d on the GR 7 4 onnector the 
o her on the GR 00 preci ion onne tor. 
The GR 74 �ine, \�·bile not so accurate 
as th pr cision typ , is satisfactory 
for mo t very day mea ur men t , nd 

housand · are no\ in u throughout 
the worl . I· is particular! ell suited 

o the tuden laboratory where its 
mode t price i a boon to the budget. 

The R87 lot d Line has recently 
b en rede igned o reduce the residual 
VS\YR, to increa e he high-fr·equency 
range and to improve the con ancy of 
probe coupling. Th mo I number ha 
been changed to T ·rE 874-LBB. ve 
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the1�:Exp rim nt r 

John Zorzy received hi 
B.S. in Physics from 
George Washin t-0n Uni­
versity in 194 and his 
:\'.LS. from Tuft College 
in 1950. From 1950 to 
1960 he wa engaged in 

he d ign and develop­
rnen of radar, antennas, 
and microwave devices 
at Trans- onic , Hughes 
Aircraft, vco, and Ray­
heon. He i a member 

of IEE , igma Xi, 
igma Pi igm.a, nd a m mber of the 

Pree· ion Conne tor 'ubcommittee of IEEE 
and Commi tee .J -9 of JED . He joined 
the D v lopm n Engineering ta.ff a GR 
in 1 63 and i ction Le de in he �Iicro­
wa ve Group. 

the pa t v ral y ar many mechanical 
improvements have a lso been incor­
pora ed, and, recently an externally 
adj table prob uner ha b offer d 
as an acce ory. The i mproved locking 
con nector� TYPE 74-BBL i u ed a t  
both nds of h lo t d Jin . 

These i mprovements resul rn a n  
extremely ver atile instrumen with 
more than adequat performance for a 
general-p rpo e hne .  This line can be 
converted to u any of th opular UG 
connectors in a mat er of econd 
through a YP 74-Q lo ·-v wR adap­
tor. These adaptor are availabl bo h 
plu and jack types for Typ B. ,.c c, 
HN, 

• I c, LT, ... icro 0 ' N, 0 I 

A complete measuring assem­
bly, consisting of the im -
proved slo tted line, a Unit 
high-frequency oscillator w•th 
power supply, and: a Type 

DNT Detector. 

Ya"-UHF line, GR900 and mphenol 
7-mm Precision onnectors. 

Performance 
The v WR of the line has been re­

duced. The v \\"R pecification C • igure 
1) applie with either end of the line a 
th urc nd. A erie f repre e nta­
tiYe re idual WR' of he line q uip­

P · 'v-i h adap or o other popular con­
ne tor i ho,vn in igure 2 3, and 4. 

The frequency range formerly cover­
ing up o 5 GHz now extends to 8.5 
GHz. The low-frequency limit is not 
fixed at 300 l\fHz; it can be extended 
downward ypically to 150 l\IHz, by 
the use of air lines and the appropriate 
pro be tuner. 

Recommended Accessories 

con renient p wer source for slot­
ted-line m a ur men i one of the GR 

nit oscilla ors which are a vail ble ·n 
everal models and offer a wide choic 

of frequ nc range and power supply. 
The de ctor can be a conventional 

tanding-wa e i ndicator or one of the 
G TYJ>E D:N'"T Heterodyne Detectors. 

Probe tuning can e accomplished 
·with the TYPE 0-DP Prob Tuner or 
if the convenience of external probe­
depth adju tm.ent i not ne <led with a 
T YPE 74-D20L or -D50 tub . 

I 
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Figur e 1. Jype 874-LBB 
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ther u eful a e orie : the TYPE 
7 -L \. Ii rometer \'" rnier 'vhich 

allow a pr c1 ju tm n of probe­

carriage po ition and is par icularly 
us ful in th wi th-of-minimum m thod 
of S"WR measurement an in electri al 

ng ·h mea urem nt · th 1:-PE -4-
� l omponent l\Ioun for mea ur -

ment n Lumped element . 

7 

Fi gur e 4. 

Figur es 2, 3 and 4. R epr es entati ve residua l 
V SWR o f  th e Typ e 874-LBB equipped willl 
adaptors to other coa xial conn ector typ es. 

La t. but by no mean 1 a t in im­

portance, are the TYPE 74-Q :\daptor 

men.ti ned a o e*. \\Tith the TYPE 
74-LBB lott Line and n. omplete 

c of th adaptor , the equival nt of 
23 lo ted line can be obtained at a 
total price of 771.25. 

J. Zonzv 
• ee the GR catalog or ask for a complete listing. 

5 
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t r 

SP ClflCATIONS 
Characteris tic Impedance: 50 n ±0.5c�. 
Probe Travel: 5 m. al in centimeters· 
each division i 1 mm. 
Scale Accuracy: ±(0.1 mm + 0.05 IC). 
Frequency Range: 30 • Hz to .5 .Hz (u able 
to 9 I 'z). t 3 0 l\1Hz, the lotted line cover 
a half "·i elength. p ration b 1 • 300 �fHz 
is posml 1 by use f 1 ngth of TYPE ""4 
Air ines. 
Constancy o f  Probe Pick up: ±1.25 C· 
Residua l VSWR: Le than 1.01 + 0.0 16 f1oaii 
to 7.5 GHz; le ban 1.10 from 7.5 to .5 
GHz· see al o Figur I. 
Accesso r'ies S upplied: , orage box, rf probe, and 
2 mi rowave diodes. 

A.ccessorh�s Re quired: TYPE 00-DP Pro 
Tuner, recommend , or • dju. table tub 
(TYPE 74-D20 ) for tuning the cry ta] 
rectifier when audio-frequency de ctor or 
microammeter i u d · suitable detecto and 
gen rator· on each, TYPB 7-!- 22L and 
TYPE 7+.R22 Patch orda, for g nerator and 
detector onnections (pa ch ords s pplied 
with Typ D_ TT De ct.or and GR 1 nit 
o cilia rs). 
Dimens ions: '\V1dth 2 , hejgh 4Y2, epth 3Y2 in 
( 0, 115, 9 mm). 

Net Weight: % lb (3.9 kg). 

Shipping Weight: 23 lb ( 0.5 kg). 

Price Calalog 
1 umber Description -z.n A 

0874-965 1 
0874-9652 
0874-951 1 
0900-9654 

Type 874-LBB Slotted line $395.00 
4 1.00 
20 .00 
75.00 

Type 874-lV Micrometer Vernier 
Type 874-D20L Adj usra·ble St ub 
Type 900 -D P Probe Tuner 

The TYPE 900- UB Tuner for he 
0.25- t 2.5-GIIz frequen y range 
complem nt the pr viously announced 
T1'l>E 00-T �A Tuner• ;-,-hi ch co er 
the 1- to . . 5- Hz fr quency ran 

b wo uner are imilar in de ign and 
construction and in addition o heir 
wide · andwidth ha 'e the followin 
d irable featur 

1 . un1q neu tr l ppsi tion from 
which rapid con er nee o match can 
alway chieved 

2. A finene of con rol, o hat 
v WR' a low a 1.00 2 can be tuned 

ut with ea 

I MPEDAN CE-MA TCHl'NG TUNERS 

FOR PRECISION 

COAXIAl-MEASU RIN 

SYSTEMS 

3. tability - wh n a resi al tand­
mg-wav :ra 10 I tuned ou it tay 
tune ; if he etting i anged, h 
original uning i duplicated when the 
original et ing i re t r ; if he con.-
nee ion betwe n and un r is 
br ken an o · d the tuning is 
unchanged. 

ach uner ha hree uning crew . 
In operation, two of th three cre,vs 
ar adju t d for ma h (which two 
depen on the frequency), while he 
unu ed crew is t o the n utral posi-

i "Coa.xio.l uner with • ·eutral etting," General Radio 
B;cperimenter, January 1965. 
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Figu1re 1. VSWR 
matching range o f  
the Types 900-TUB 

and -TUA Tuners. 
Speci ficatio,ns 'and 
data s hown ore un­
der the most r estr ic ­
tive phase cond itions 
o f  t he re flect ion to 

be matched out . 

August 1966 

1.18 ,-----.----..------,-...,--.--.-...,..-.....,.----..,------.-�--.---.--,--.--........ 
U6i-------;----
I 14 VSWR MATCHI G RA GE --+-----+-----+---------+ 

( WOA�T-CA.5£-MI IMIUN) 
I 12 1------t--------+------+--TYPE 900-TUA TYPICAL�--t-� 

; 1.10 t------t--------+--­
(/} >1.08 

1.06 1-------->---- ----+-------+-.T· ---+--,A-----��----' 
1.04 t-----------=-t=�7-.c:__t-_--::;::.-"'-t 
1.02 j------;-�2::�.,,_.....,;(p 
�o �---......... --�--.....__._� 

0. 1 0.2 LO 
FREOUE CY-GHz 

2.0 5.0 10.0 
�' � 

tion. Ea h r w h a cal '\"\ith 
ny 

tion or it may be a ec ion f precision 
ir line. The tun r i d therefore 

to ma h the impedanc of h d ic 
in u t ion o tha of the tandard. 

v rn1er 
set ing. 

and • Il b 1 k a 

h 
TYP:. 
F ig ur 

ma ·h ing rang 
-T Tun 

for m t appr a. t i  n. 
uffi i ntl low 

m a tche can b a h i  v 
p d. 

APPLICATIONS 

high 
b 

f the 

( ee 
n ug h 

k pt 
fin 

nd 

Matching to ,o Standa1rd of Impedance 

\ i i th the 
.reduc 
d uced into a co 'Xi 

t i  n 
t t om 
t .ndard may 

u nng u rum n , 1 m 

can 

ith 

The Measuring Instrument as an Impedance 

St,andard 

h T P•' 0-LB 
n xcell n 

o ver the o 

lot ed 

r nge, and t 2 for 
th r idual imp dan e rror 

VR) i 1, th n 1.003. 
· erm ina ion con i ting 

tandard T rm in -
tion TYPE -T A or - , B 
T, ner i a m bl d, a h wn in Fig ur 
2 nd the uncr i adj u h 

ampl it ude of he tanding-wav 
ob erv, on h lo ed line 
to zero, th n th r 
omp ite term ination i m 

e r idual v WR of h 
Th 1mpr v men in v w an be a 

Fig,ure 2. Composi te termin,ation consh1ting o f  Q 
Type 900-TUB Tuner and a Type 900-WSO Term i ­

nation, attached to a measuring Instr ument. 
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8 

t p r·m 

COMPOSITE 
MEASURING INSTRU E.NT 

MEASURI G 
INSTRUMENT TUNER >---+----t STANDARD 

TERMINAT ON 

F igure . J,, Sta n d ard termination attached l·o a c,om­
posite measuring In strument. 

mu h a  r h Ir t r i -
ual WR of th n al n . 

Te.rmination as an Impedance Standard 

ucl a 
rmina­

mp it 

air line a 2 G 
oth a omp 

I le than 1. 0 . 
rn rum n 

a hown 
n ly 1nd 

th har­
h 

ma 
ir rn 

g 
ut 

Simplify1ing Substitution Measurements 

m 

po 
qual 
I n. 

Air Line as an Impedance Standard 

rh 

Hn , u 
� ir Lin . 

imp clan 
ti 

CO POSITE 
EASURING INSTRUME T 

1----iTtl ER I 

COMPOSITE 
TERM NATIO 

R FERE CE 

AIR LINE 
1---4-�TUNER II------. TERMINATION 

____ .i.. ___ .._.. 4 
('i!W7r s] 

Figure 4. Setup for matching compos"te measuring i n stru me n t  a n d  composite termi­
nation to the c:horact riistic impedance of a.n air-.line .standard. 
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ion in the mea unn 
&echnique wo mea 

urre and th 
epcn ent on h 

the two rnea ured quanti ies. 
When an imp dance-ma hin · n r 

is u e to make o f h rnea ured 
refl. c ion oefficien equal to zero the 

econd m a r n alo pro he 
an wer2•6• This mean ha i i no 
nee ary for one to perform he vector 

ubt ac ion or o plot m 
a mith har and o make 
con truct"on . o if o 1 

ude of he answ r i required i can , 
o tained dire tl from ju one magn1-
tude mea ureme 

Q,ua rter-Wavelength Substitut1ion to 

Measure f,ermination 

Th ul in from the 
u e of ated y he 
example of hnique 

hat employ a 1 ng h 
reference air line o rffilil the r -
fie ion of a ermination in he pre en 
of th r idual r ft tion f h ur-

men ar 
·withou 

1 Ibid. 

w m a  
requrr wi h and on 

h r fer nee air lin in h 

• ndenion, . E., " ruibration Techniques for On -
and Two- or evice ing oaxial Referenc Air 
Lines a.s Abs.olute mpcdance tanda.rds," 19th nnuol 
I A Confut-,u and Exhibit, _ ew York, Rcprin -Q. 21, 
6- -64. ( vnilable as Reprin o B21 from General 
Radio ompany, "\.Ve t oncor . I\lassa.ch Ptui.) 

REFER NCE >--+------< AIR U E 

-----�----4 
Fig u re 5. 01} Setup to mea.sure 1'1· b) Setup to· 

m easure r·,. 

August 1966 

Figure 6. Smith Chart constructic;»n to determine ,r,. 

em a illu tra d in 1gur, 5. ( i 
um tha he ref ren air Hn i 

r flee ionl lo le and ha th 
r fie ion o ffi I n f m re t are 

mall.) Thu 

ri = r'm + r (1) 
I\ = rm + r e-j,, = r = - rt. (2) 

\"\here 

r1 i- he mea ur 
·wi h u the ref r 

r2 l h m 
ien with th r f 

r IS 
rmlila. ion and 

r flee ion coeffi en 
c air lin m er e ; 

refi ction ·o ffi­
air line in e ·,, d,. 
o fficien of h 

rm he re l ual r ft c ion coeffi-
h m.ea uring in r·um n . 

Th rmin ion r ection co ffi i n t 
given from h diff erenc of qu -

tion (1) and ( .. ) y h c or r la 10n 

r,t _ 'r'1 - r2 
2 

(3) 

The r ft tion oe cien s ri and r'2 
are plot ed on h mi th hart of 
' igure -wi h th u i n requir d 
0 0 tain r. 

ow wi h the un r forming a com­
po ite m urmg in trumen a h wn 

9 
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10 

t. 

a 

b 

e[;]E ter 

I MEASURI G I : I STRUMENT : TUNE� 
t--- COMPOSITE 

M EASURI G INSTFWME T 

TU ER 

j TERM! ATION I 

I_.,.,___ t ----

Figure 7. a) Setup to ad1just j1'1 
t·o zero. b) Setup to meas u r e  f'12 
and lo determine f'i directly. 

in Figure 7, r i can be uned o zero. o vector ubtraction and therefore 

r1 = r:u + r = o (4) no con ruction on th mith har 

i required. here r' m is the re idual refle tion 
coefficient of the compo i e m a urin 
instrum n under he condition of ( 4). 
\\i. ith 

imilar implifica ion can be r alized 
in o her subs itu ion echniques 

r\ = r� - r1; (5) 
through the application , .f the TYPE 
900-T A and -T B Tun r . 

- T. E. L'\..Cl NZIE he termina ion reflec ion coefficient 
is given directly by 

rt= - �2- (6) 
Note: A brief biograph · of Thoma . _ 1a -
Kenzie, author of he fore oing ar id , ap­
pear in he Iay i ue of he Experi­
m.e-nter. - " ·tor 

SP ECIFICATION S 

Frequency Range 
Ctiara1cteris.tic mpeda nee 
VSWR Matc;hing Range 

(worst-case minimum)* 
VSWR Resettabil"ly 
Residual VSWR (all controls 

at neulraO 
lnsertlon1 Lo·ss 

Repeatability of Connection 
Electrical length 
Dimensions 

Net Weight 
Ship.ping Weight 
Catalag Number 

•Range i wider under most conditions 

900-TUA 

1 o .5 GHz 
50 

1. + 0. 12 f GHz 

< l.0005 + 0.0003 f GHz 
<l.03 o5G ,z 
< 1.05 f'rom 5 to 7 GHz 
< .1 dB to 4 GHz 
< .3 Bto . - Hz 

0.05% 
12.0 cm 

4� X 3� X I  in 
(ll5, 25 mm) 

1 lb (0.5 kg) 
3 lb (1.4 kg) 

00- 35 

900-TUB 

0.25 to 2.5· GHz 
50 • 

1.0 · + 0. 5foHz to 1 GHz 
1.05 from 1 o 2. � Hz 

<1. oo- + 0.0003/onz 
< 1.03 to 1.5 GHz 

<0.1 dB 

0.05% 
1 .5 cm 

6� X 4%" X l in 
( 165, 120, 25 mm) 

134 lb (0.6 kg) 
lb (1.9 kg) 

0 00�9637 

TE11-M·ODE RESONAN C E S  ,IN PRECISION 
COAXIAL CONN ECTORS 

It ha be n ommon p actic o 

pecify the pp r fr qu nc T limit of �a 
pre i ion coaxial y tem a he calcu­
lated frequency a which the next higher 

mode a bov the mode (TEu) 
co Id prop ate in he air-dielec ric 

section of he line. It has, of course, 

be n recogniz d that thi mode can 
propagat in dielectric upport beads 

b low thi frequency, but the interac-
ion between the TE� if and TEu modes 

is in iO'nificant if he effective electrical 

length of the bead i so short that a 
TEu-mode resonance does no occur. 
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llowever, the eff , ive elec rical leng, h 

f th b ad for the Eu m de i in­
cr a ed by the reac tiv load pre en ed 
o the T 11 mo a t  ach nd of the 

bead by the air-dielectri l in ion , 

which are below cu t ff f r thi mode 
and he r onan fre quency ma th re­

for occur at a lower fr qu n y than 
would · e pr di d by imple theory. 

In a oaxia l y tern ith r a ingle 
bead or a pair of ha t are epa-

ra t by a ho rt c ion of air-fille lin 
an r onate. Th T 

can then cau 
WR and in r 

ar p r of con 
can vary In ma 

onn ct r ori nta ion i 
ff c f the re 

over only 
h '1u 

m.1 
be t 

u 

Ill 
wh 

con 

I n 
and 

h 
n h 

agr emen 
mea ur a t  

Very sharp hi gner-ord er-mode 
resonances can exist in die .ectric 
beads in coaxial lines. These reso­
nances can be excited by asym­
metry in the line but are often 
so small in magnitude that they are 
overlooked. Recently a resonance of 
this type was observed in Type 
9 00-BT Connectors at 8.70 GHz, 
its presence was confirmed by a 
thorough experimental' investiga­
tion, and its existence was ex­
plained by the onomysis described 
in this article. Since the resonance 
causes an increase in both VSWR 
and insertion loss exceeding specifi­
cations, we have lowered the upper 
frequency specification for Type 
9 00-BT Connectors to 8.5 GHz. 

lin . The on i i n for r 
ing le ad ( Figur 1 ) i 

'vher Z2 i th 
1np t mp an Z1, h 
tri lin i g1v n by 

Z1 

wh r 

Zo= 

ZL= 

- Zo 
ZL + Zo 
Zo + ZL 

harac teri lC 
air-di el r1 Ii 

nh -yl 

imp d 

rmina ting i mpedan 
di 1 c ri line 

n 

f 

(1) 

of 

tr-

h a l-2 

ular ca e 
under u 
igur I), 

ir-d i l c nc 
The. e und rcut8 compensat for the r[i,.continuity 

introduced by b brupt ch ng in the conductor ar a 

:I 21 

a SINGLE BEAO 

n 

z, 

diam t rs he be d. 

.. � 2 I 
z .. 

11> I i ... z, 

=�1------�-
I I I I 

-� �= 
I •oo-11 '""'I 

b. BEAO PAIR 

figure. 1. Cross-sections of GR900 dielectric s u p p ort bea·ds. 

1 l 
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t nt 

"Y = propagation con tan of air­
filled line 

l = 1 ngth of air-ti 11 d line. 

For TEu mo c: 

z. = j�;, .J.-1�=1(=.f=�)=2 for f < fc (2) 

wh r 

Jc - cu off fr qu ncy for 
in air-dielectri line 

Eu mode 

TJ -

And 

: 76.7. 

,, = 

27r ,/-;--_ (L)� 
A., fc. (3) 

where Ac = ·ut ff "-a,· 1 ng h f r h 
mod in he line. 

In mo t pra ti 1 , th air- e-
n cti n of lin i 1 ng nough o 

that .99 < t., nh -yl < 1. 0. Th n 

input impedanc , Z1, i · an In u iv 
r ac• ane h low h C'ut ff r qu n �'of 
th air- i l tri line an i" gi ·en b · 

equation (2). The harac er�· iC' im­
p an e · n pr n. i n n:-;tant in 
th b ad ar giY n by 

't1b 
z = o b ----- for f > fc 

/ 1 - (��)2 
and 'Yb = jk / 1 0)2 
\Yh re 

k 
21!" €r - A 
376.7 

Tlb = 

Vt=r 

(-1) 

(.5) 

fc = utoff fr qu ncy for TEn mod 
in dielectric bead 1•2 

E, = dielectric constant of ead. 

r 10n 1 -2 a" u. c ion of 
air-di lee ric line I Z'.? = Z1 th 
Z3 can be calcul fron-i 

Z2 + Z°li t nh 'Yb lb 
Zs =Zob (6) 

Zob + Z2 tanh 'Yb lb 

where lb = 1 ngth of bead. 
ne m tho of ol in for f i t 
m a value off Iv for Zo ( =Z'.?) 

ln equation (2 z"b in equa i n ( ) 
and 'Yo in equati n (5), and hen fin 
Zs from ua i n (6). At re nant fr -
quency Zs = Z2*. 

Th r onan fre u n ·y of he bead 
p ir (Ficrure lb) m y alculat d in 
a imilar manner. Two re onan t fr -

uenci xi one belo' an one 
ab Ye he re onan freq u n y of 1m1-
l r ingle . D rmin Z1 from 

quati n (1) and (2), z3 from u -
tion ( ) and zoi fr m ua ion (1), 
u in z3 for ZL an calculating 'Y from 
equa ion (:3). The hort under t r 
gi n are again trea te a par of he 
air line. A the r nan frequencie 
Z4 = Zs*- Th wo r onant fr uen­
cie� ·an be found by e Iv trial . 

alcula ion n hi a i w r made 
he R 0 onn ctor. Thi on-
r u a Te on t uppor b d in 

h the TE11-m d cu off fre-
quency 1•2 

• 7. 3 Hz. The cu off 
frequency in h adjacent air-dielec ri 
lin A H z .  The bead i much 

hor er han a half wa \ el ng h ( \Yhich 
might be expect to b th r onant 
length) f r he TEu mode, even at 
9 Hz, b th loading effect of the 
r acth e impedance of he a.ir-dielec ric 
lines for thi mode c u the e o-

t DuPont trademark 
1 J. Dimitrio,g, "E;i:act Cutoff Frequencies of Precision 
Coax," _lfi roll ea, June 19G5. . . 1 N. I cuvit:z, Wai•eou.ide Handbook, _'IIT R d1 t1 
L boratory rie , Yol . 10, • lcGraw Hill, New Yor . 
1951, p 77. 
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well a 
h 

t . 6 Hz. 

. 10 

r pair ex­
. 0 'Hz a 

Hz. T pi·., lly, 
. 03 at thi. 

r ion lo . by 
n width ov r '·hi h 

either r n n · i no i ea bl L a p­
proxima ly II z. 'I h ·I ulat d 
r onant frequen ic ag:r d wi h th e 
measured within l %. Th high r r o­
nant fr u n y of the bead p· ir '"" 
not inv igate experim ntull . 

\\ hile su h calcula ion are no com-
pletely (for xample, the ef-
fect of mner n ou er 

d) h y give 
for and oth r ead 

analy i wa al o u ed o 
re nan fr qu nti . , bu 

re ul did not ao-r h th , e,"-
p rimen al da · 1 a ho e ob-
tained fiom the proc dur d crib d 
a ' . 

The re onan fre uen ie an b 
rai ed by a decrease in the 1 ngth of 
the bead. In th I 900 conn c or, 

August 1966 

1owe er, the me hanical s a ility and 
rugg dn woul be impair d if he 
b n.d 1 n th were h rt n by al.mo t 
1/:3, the amoun n · � ary to rai e the 
r sonan fr u n · of the connector 
pair by 00 IHz. In m pplication , 

h re onance f th connector pair 
-..vill go unn ti <l. I . caped d t ction 
in the oricrinal pm n work on 
th conn ctor ev n i '· pt-fre u ncy 

on onnector pair , be-
cau i t on v.'WR wa bo h small 
and dep nden upon ri n a tion. 

h uld when 

. . 

incr a in v. WR or 
a r la tive conn 
' ari d m • y in di a 
TEu-mod r 

ch 

limit 
.harp 

m v ·wR 
r orien ati n i 
he pre n of a 

-nu ual condi­
prc enc of on­
r of large amoun 
he on e r di -

1 ctric u1 por 1 an incr he ff t 
of the r , nance on the T '�I mod or 
1 w r h re onanL frc u ncy. 

J hn ' . ;{ilmore 

Note: bri f biography of .John F. ,i]more, 
au hor cf th· for •p;oinµ; a1·ticle appeared in th 
:.\fay !UGG i ,.iue of Lhe E.r.periJJ1enl r. - Editor 

I f  yOIJ wo uld l ike a c o p y  o f  o ur recen t l y  pu bl'ished Primer ol Noi5e Mea$ure­

ment, just  d r o p  u s  a l i ne. Tni s  little b o oklet d i scu s ses with a l i g h t  t o u ch the 
nature <11n d  m eo$uremenf of aco u s t i c n o ise.  Free. 

1 3 
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n 
th · <@> E p rim nt r 

Figure 1 .. 

N EW DE CADE CAPAC�TOR -

WIDE RAN GE, HIGH RE S01LUT1l10N 

The engineer who ha o a i 
vari bl pa itor over a on id r 
frequency rang :rill elcom he neu--
TYPE 1£11--B eca e apacitor. I 

has four pol tri decad 

co ring a .11 1 m1 r -

farad 1 a w 
ble air apa ·i r 
capaci an adj 
m ntal cir uit i u�c 

at lo\· frequencie. where cir ui capac-
itanc ar larg but fil�o by -vir u 
of · au apacitor ancl lo - internal 
inductance at th low r radio fr -
quenc1 s. 

he \ ·ide capacitance range and high 
re oluti n of thi decade capac1 ance 

INNER 
eox--

H L G 

CASE 

Figure 2. The double s.hielding used in the Type 
1412-BC Decade Capacilor keeps CHG very small. 
This capacitance is the d"fference betwee" the 
three-terminal and two-terminal capacitance of 

ttie box; CLO is approximately 125 pf. 

b x make it u ful in ho h labora, ry 
and t op. win 1 fine adju t­
abi1i r of capac]tan e, i i a onv ni nt 
variable capa itor to u \vith he Type 
1 - -A Imp n omparator. 

Construction 

ram.i -in ula d wi che 
lid- ilver-allo n a 

lel combina i n of 
Yalue in h ra 1 

p itor are of ex 
ion fo minimum inductance 
en . Poly y:r n 

wi h 

ili y of apacitance low 
e , and h igh in ulat:ion 

d in a dou le 
on 1 rnn r ox and 

out id ca e , he difference 
b twe n the capac1 ance f r two 
terminal and hree-terminal onn 
tion i v ry mall- only on pico­
far• d th c p ci an ( 90) of the 
binding o t H to he ca e. It i partic­
ula rl v de�ira ble ha bi capaci ance 

a mall a po ibl when th 
l r l at 1 w cap itan e ing 
�with Typ l o.--A mpedan e 

mpara or. 
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Fig ure 3. 

(Below) Two-terminal 
(g roun ded) connection 
using a Type 874-09 

A dapto r . (Above} Three-ter­
minal connecHon 
with both sMelds 
connected lo the 

ca·se. 

{A&ove) Type 274-NK 
Shielded Doubl.e Plug 
used for two.terminal 
(floaling ground) con -
necfion on Typ·e 1412-
BC. i(l•lt) Two-term ina ll 
(grounded) connection 

using bus wire. 

�i ure 2 how he 
th hi Id , and Figur 

arrangeme 
3 typi a 

ods of nn ction 
nals. rlardware is 
t he embl m 

Figure 4. Rear panel 
view of Type 14 12-
BC, showing termi­
nals for rear connec-

tio ns. 

h panel errm-
1ppli d for in alling 
s andard rack, an 

August 1966 

terminals a re bro ugh o t at the rear for 
convenient conn tion ( igure ). 

Readout 

he four d ade ha e cl ar a y­
to- ad dia wi h numb , · d t p f om 

to X (X ) . The air-capacitor 
d ial ha en 1 -pF divi ions, plus addi­
tional r adout to 1 pF p r ra ua ion .  
T , ad t h  d i  ·L, imply add th numb r 

f grad ua ion (counting from ) on 
th fix d verni r al t th corr pond­
ing num i i ion n th ial. l• or 
in incr a e in apacitan c , th knob 
urns clockwi and the mall gradua-

ti ns read ct se. ample ettings 

ar il lu tr t igu 5. 

R•cd Read· 
1Fl,gure• 5. 30 • 3 : 33pF 30 • X(ID) : 40pF 

0' •O .. 0 = 40 pF 
.,�,,_,., 

Dissipation Factor 

T e di ipation 
tyrene dielectri 

ti ly n tant 
range or ina.ril 

pplica ion . t 

di 
ill 

factor of th 
l 
o r 

ncou t re 
th xt:r m 

. . 
rmnor incr 

pac1 or 
mcrea e a 

quency i low r d. 
higher capacitan e set ings 

fr -

the 
di ipation factor i incr· a ' by e 

ri resi tanc of the wiring. Thi 
effect incr a wi h freq 1 ency. 

Capacitance 

apaci ance c hanges with cha n  in 
fr qu ncy r principally a function 

15 
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16 

th� peri t 

of the di lectric mat rial b ow 
and a function of he amo u n  of 

z 

induc anc 
diele r1c 

ov 1 kIIz .  

of apaci ance 
tend d foil 

f 
i n keep in-

i or i ell I w. 
an e I in th 

frequency 
r onan fre uency 

(fr), he .approximat m rease in ff c­
tive capaci anc (Li ) over , h z ro-fre­
qu nc, · apaeita nce ( o) i g"v n by th 
ex pr 

= (;r)2 
ypical al ue of h r so na n  t fr -

quenc are: 

D cade 
apa ·tance 

l.l, 1115 µIf 
1.0 ,uF 

0. µF 

0.01 µF 
1050 pf 

150 pf 

430 kHz 

440 kHz 

1.25 MHz 

3.5 MHz 

10 MHz 

27 MHz 

310 kHz 

320 kHz 

1 .2 MHz 

4.3 MHz 

17 MHz 

70 MHz 

ie up o 30 kHz, 
capa 1 an t an 

valu 
le han 1 o/c higher 

at I kHz. 
mu h 

-R. 

he 

R R  

s p Cl ICAT ONS 

'Capadtanc:e: 50 p p of 
pa i­
�ith tor 

Frequency 

n, 
1 pF. 

Characteristiics,: � < l.O 11. 
lkHz 

t 

high r frequen i he increase i approxi­
mat ly "/ C = (f /fr)2• tabl abo for 
t ·pica.I alue of f r· 
MaxJm,um Operating Temperat ure: 5° . 
Dielec:trlc Absorption {Voltage Recovery): 0.1 % 
max:ll:num. 

Dlsdpation1 Factor: 150 
ma:·, 1 · z; o r 1 0 

kHz. 

0 1000 pFI I .001 
pF, 0.0002, m x at 

1012 ohms, minimum, 

35 kHz. 
sts "�ith 

n h pan 1. 
onnected to 

depth 

Catalog 
umber Description 

1412-9410 Type 1412-BC Decade Ca pa dt or 
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A 10-pF 
REFERENCE STANDARD CAPACITOR 

To upplemen 
1 04-A (l 

(100 ') 

h highl- abl 
0 pF) an T. P 
Ref renc tandard 

apa l aila le a 
1 -pF model 

tandar n 
ar highly unit 

aled in an in rt  g 
to h ir nomi al value 

r·tical par f h pla e a  
are made of I r for tabili y n low 
tempera ur o fficient. • r hea c -
cling and adj u men h em bl i 
m unt d in a hea bra con tain r 

whi b af, r evacuation is filled with 
d ry ni . rogen un er a pre ur lightly 
above a mo h ric and led. The con­
tai n  r i moun d on a n  alumin u m  
pan 1 a d pro ecte by an ou r al u mi-
n rn ca e. a h a pac1 or bj ed 

o a ne of empera. ur ycle o 
d termin h tere n mpera ur 
coeffi i n and a biliz h pac-
i ta c . 

Two 
or ar 
h n of 

he 
uncon n  

lockin 
u d a 

l 

o be u e wi 
di ipati n-f 

7 4 coaxial con nec­
. The ou er 
o th a 

oh r i 1 ft 
he ca a 1 or 

istor a a 

s ECIFICA 0 NS 
CalllbraHon: 

Equivalen t .circui t showing 
direc t capaci tance, ed. and 
average values of resid ua I 
i.ndu c tance, L, and· lerminal 
capacifa!nces, C a·nd Ci.. 
Cd = 1000 p F  for Type 
1404-A, 100 p for Type 
1404-B, c::ind 10 p F  for Type 

1'404-C. 

o.L.9 r �-) L, µH �� � H 

: Co : I I _L_ _J_ � ,,...-..., 
0 I C H Ci. I 29 pf : l pF 

+ ·5° . me ured value i h an a cura.c of 
±lpprn/0 i giv n n th rifi . 
Temperature ·Cyc;ling: For tempera. re cycling 
over ran c fr m - 2 °C to + 5 ° , h ' t r i 
( retrac able) i le han 2 ppm a 23 ° . 
Dissipa t.ion Fac tor: L than 1 -s a k z. 
Resid uc::il Impedances: quivalen "rcui for 
ypical v lu of internal eries inductances and 

terminal c paci anc s. 

17 
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1 8  

:xp r i  

A c cessor ies Req u  i r·ed : • or connection o TYPE 
161 5-. Capacitance Bridge, 2 TYPE 7-1-R20. 
or TYPE 74-R22LA Pat h Cord . 
D imen s jo n s : Wi h %, height %, depth in  
( 1 15, 1 70,  205 mm ), o r-· ll . 
Net Weight :  �1 lb (:3 .0 k g). 
Shipp i n g  Weight : 1 1  lb  (6.5 kg) .  

Catalog 
N·umber Description 

1 404-970 1 
1 404-9702 
1 404-9703 

T y p e  1404- A R eferen ce Stan d ard Capacitor, 1 000 p f  
T y pe 1404- B R eferen c e  Sta n d ard Ca,pacitor,  1 00 p f  
Type 1 404-C R eferen ce Stan dard Capacitor, 1 0  p f  

U.S. Patent Number 2,548,457. 

I N C REASED FREQ U E N CY RESOL UT.ION FOR W'AVIE­
ANAL YZER RECOR DIN GS OF V I BRATION, ACOUST l! C, 

AND E LECTRI CA L  SIG NALS 

The TYPE 1 0 -. '\ aye nalyzer1 i 
widely u e for low-frequency pee r u m  
a naly i , becau e i h a  thr and­
wi th , 3 1 0  and 50 I-Iz an an 0- B 
dynamic range for r cording . The 3-II z  

andw ' d th i particula rly popular, b -
ca of it exceHen re lu ion . In 
order to ake full advan taa of tha 
re olution, we are n o w  m king availa ble 
a link unit tha ' ·ill  p rmi r cordin 
with an expand d fr qu nc scale on 
the TYPE 1 52 1 -B raphic Le\ el R -
corder . hi T "PE 0 -P3 Link Cnit 
is hown in Figure l in talle on the 
wave analyzer and r cord r. 

i th thi new link uni the fr 

uency scale of a recordincr i pr a d  

ou t o  2 inche for 1 00  z o h a t  a 

frequency iff r nc of 1 Hz can b 

notic n add · ional frequen , cale 

of .... inches for 1 Ilz ,  i en tic al with 

ha of he TYPE 1 0-I l Link ·Fnit, 

i al o provid d. neutral po iti  n 

·mpli es the e tting f he fr qu n y 

n tr 1 o th arting point .  

1 A .  Pet rson ,  " .  ·ew 'Vave . nalyzer ha:i 3 Bandwidth , 

80-dB Dynamic Rang :· G n er l Radio Exp rime1tter, 
April, 1 964. 

F i g ure 1. Type 1900� PJ L i n k  U n it i n stalled on t he 
wave anal y % er a n d  graph"c level' rec order. 

The me h rt pa p r T YPE 1 -52 1 - 464 ,  
l u f r both p ed . 

Th r cording reproduced i n  igure 2 
how evidence of the moo hn of the 

frequenc - n trol driv \Yith this l ' n k  
u n i t .  T h  component displayed are 

pac 10 Hz apart in the Yicinity of 
50 000 Hz and the ab en e of ignifican 
j itter in thi expanded di  play emon -
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strate that th new driv can be u ed 
to advantage o er he f ull frequ n cy 
range of he wave analyzer. cour e,  
th applied ignal mu al o be u ffi­
ciently tabl that th 3-
can u ed . For ignal 
analyzed in igur 2, 

fo fr qu n y of a nit 
Pul r wa c n rolled at 1 

z by highly table, cry tal-con-
trolled time-mark g n rator o that 
th harmonic up o an yon he 
50 th woul not show any ppr cia­
bl j itt r.  

Th re olu ion of the 3-I-Iz band­
width an th conv nien d . play of 
th analyz d ec rum th r cor er 
make h ,em well d t 
anal 

an 
ing ma 
motor 

40 

.., 30 
.., 
� 
w .,, � 20 
0.. en .... a: 

1 0  

f i gure 2 .  Sec tion o f  a f requency spec tr u m  
In the vi dn i ty o f  50,000 H :z:  o f  a 30-µs 
pu lse repea ted e very 0.1  s .  The e xpande d 
frequency ,sca le is us ,ed to sho w the In-

di v idual co mponen ts e very 10 H :z: .  

fi gure 3 .  Ana l'ysls o f  the vibra t ion ,o f  a 
fra me ho ld in g a gear -bel t dri ve . The 
f 'requency scale is su f fic ien tly co m ­

presse d to sho w  t he general c hara eter 
o f  t he spectru m .  

Figure 3 ,  
det il that an 

1 ca e. 
f th 

August "'1 96,6 

. Pe rsou 

and 5 illu rat th 
o btai d m a 

. •  r or 1 ng are 
of the paper-

T "PE 1 _o-
can of th 

h nalyzer in th 
how ( igure 3) 

FREQUENCY I Hz 

1 9  
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2'0 

t h  l�IExperim n t  r 

FREQUENCY I N Hz 

f i g ure 5. T he expanded fre quenc y scal e 
is used here to s how t he c omp ane n,ts in 

t he vi c i n it y  o f  135'0 H :z: .  

tho.t the ignifi c  n t  component of 
vibra tion ar at 1 20 H z ,  and in th 
vicini y of 50 H z ,  900 H z ,  an 1 350 Hz. 

A cl tailed recording in th vicinity 
of 450 H z  with he xpanded scale 
(Figure 4)  bow that the belt.- ear­
d rive tooth-contact ra te f 450 i mpa ts 
per second determine the frequency of 
the dominant component. and he g a r  
b Lt with it  peed of - r / introduce a 
ho t of componen t spac d a bout the 
main componen y multiples of fi H z .  
The torq ue pul  ation from th ] 00-
rpm synchronou motor and the 1 20- H z  
magnetically d riv n vibration i n  the 
motor al o influen ce the spectrum . 

The large number of component i. 
a resul t  of compl x i t rai;!tions of the 
variou impacts a n d  forces.2  Th 3- Hz 
bandwidth and the expanded cale 
make it po ible t d "  play the e many 

Catalog 'u mber Description 
1 900-9603 T ype 1900- P 3  L i n k  IU n il 

30 ' ,..---� � 

11:1 "O 
;z ; 20 
0 
;::: ... "" 
� 10  
u u "" 
... 
� 0 
� ... "" 

-1 0 

·-·-· -·-
I-±::: ·-+-+ � 

t ,_i !:... 
i:-t ... .. 

0-::-�� 
� ·+ 
... ,. t" .. � ... ... 

+· .. +_ .. +� 

�ii-) 

1 .. 
• j: I- I- . 

-�-
I "'" 

f,l,g ure' 4. A 1na l. ys'is o f  t h1e same 
vibrat ion siign c:d ,of' f igu re 3 ,  
bu l' wit h  t he expanded fre-

qu ,enc y sca l e'. 

-- �  ·-
· - ·-•·-·-� � rf = 

·- ,_ '-I= ·-c- I-= -r-
,_ 1-L I= ..... ..... 1� ·-

+ � ,_._ ... '"" ·- := ,_ 
t --�-· . -

,_ t::::� :::. .. ---

Jt+� r- ---�= - -- l..=. Li_ """ t 1--- r-.-K ._ � � t=t: 1-1-

'-'r 
1• II 

t . &�d.1 l:r1 n !----� 
-u-�Mtit'PJ1 11'1� .. ...... . 1 

' ··----' '"'· - - ..... ..... -�- -� ---- -
1 300 1400 

IF REOUEN,CY IN H.z 

! r.: 1-0-

·•,J ...:: 1:;.._ .. 

compon n and to determine heir 
c, ual frequencies. 

ignifi cant amoun , of random mo­
tion in the mechani m being mea ur d 
ob cur ome of  the weak r om­
poncn t . Thi  effect is  ev n more im­
portan at h igh r fr quencies . As shown 
in l<'ig1.1r 5,, a f w co mponents in the 
inimedia te vicinity of 1 35,Q H z  are 

i. played clear1. } but th exi tence f 
many other i o bviou ly p robable y 
r n f t h  pacing of fl uc tuating 
peak at :)- H z  i n tervals. 

Th.i ' new acce ory rnak the record­
ing wave an alyzer an ven more or­
atil tool than before for the analysis of 

able, c mpl x .igna l  . 
R :-.i  O L D  PE'l'ERSO� 

t L. • . W""i n. " • n Amplitude lodula.t.ion Theory for 
Gea.r-f nduce Vi bra.tion :·  Chap er 1 7  of ,\Ieaa�•renten t 
Erigfoeering by P. K. ' tei o ,  Tempe, Arizona.. 1 90 2 .  

Xet Trt hip lVt 
1 l b  (0 .5 kg) 4 �b ( 1 .9 kg) 
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Aug u st '1 966 

LOCA ING S U B MAR INE CAB LES 

ros m g  an Fran i c o  a are a 
great many ubmarin cable , ;\'hich 
the acific Telephone and T leg aph 
Comp a y u e for elephon ervice . 

n importan t  fac tor in the mai n  e­
nance of the e cable is the ability to 
locate th m accu ra ly not only in 
case of ca ble failure u1 als ·h n con­
tractor or go ern me n  c1e are 
working in the ar a .  

o me year ago , the Bay rea 
Engi neer epartmen of acific 
phon d veloped a m n ic-ind uction 
system o locate ubmarine ca b�e . A 
high- urren t o cillator en an a udio­
freq uency ton in to one . nd of he 
cabl '\vith ground. re t urn . Receh·ing 
equ1pmen is i ns all d m a mo or 
la unch . The field produced by he 
cable curren in uc a · lt g 1n a 

oil ,, which i amplifi d o ope a e a 
m er and a loud p aker. 

R cen ly a new receiYer and tran -
mitt r wer a m 1 d o r place Ider 
and le s reliable equ"pmen . I ·a d -

irable to incr a e he ra nge, ' '  ich 
formerly wa about -o f t,  and to 
pa ka the r ei ver in to one m 1 1  
tr n i to rized nit .  Th new y m 1 

hown in Figur 1 a nd 2.  
There arc veral problem a oci-

a ed with putting a one on \Yorking 
telcphon cable a th nee ar high 

RECEI ER 

,,.. / -- -/ ,.,..- -.. 
, E RTICAl PROBE 

/ / -- -..... ..... , 
/,"' ..... - ..... " \ / ' \ \ _,. - \ I I 

I 

' ' 
\ 

\ 
\ 

..__......____ SEVERAL CO o:CTORS OF CAB�E 
ABOUT 700 O H MS MAXI U R E S I STA CE TO GROU N D 

20 RPM .10TOR 

AO.JUST OUTPUT CURRIE T 
F"FlO 0.5 TO 5 A"" PS 

F i g ure 1 .  A 5 i g n al i s  app l i e d  to the cable as 
s ho w n ,  g e n erati n g  a m ag n etic f ield,  w h i c h  is  
d etected b y  a probe a n d'  receivi n 'g  e q u i pment i n  

the l au n c h .  

1 vel a nd hen i n  d tee 1no- it from. a 
d "  tance : 1 . ro alk en t r working p ir  of 
the c bl . 

H armonic i n  erf re with arr1er 
y t ID"' i n  he ble . 

3 .  The r ivin q ulpmcn p i  k 
up 60-Hz field . 

4 .  H armonic of 
'�ith the receiv d 

.- . Th 
noise from 

able 

hav 

Hz int rfer 
I. 
e1 er pick 

ClICUl in ca 
hunt the tr n -

that a fr quency 

fig ure 2 .  E l em ·en ta ry sch emat ic o f t h e  
recei v i n g  e q u i pm ent. 

2 4 V  
'------"-ll•l •M-=-i 

· =  

2 1  
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2 2  

xpe r i m  :n. te r  

of 1 50 Hz produces the best results.  
If the transmitted power is reasonably 
free of di tortion and the re e1 ver 

sharply tuned o 1 50 Hz the above 
pro bl m are1  for all prac ical p ur­
poses, overcome. 

The 1 50-I z tran mitter mu supply 
a considerable mount of po' er in 
order to produce a magnetic field 
strong e ough to be detected at some 
distance . The General Radio TYPE 
1 30 -A Audio cillator and Po,ver 
Amplifier p rove to be ideal for thi 
applicatio n .  It i capable of 200 watts 
output and ha m ter t-0 monitor the 
output voltage and current. 

igure 1 hows how the signal i 
.applied to he cable. Several conduc­
tors of the cab]e arc connected to­
gether a t  both end , and th condu -

tors are grounded at the far end . J\Iaxi­
mum resistance is a bout 700 ohms . 

The 1 50-IIz po\ ·er i applied betwe n 
the multipl d cond uctors a.nd ground 
and the output curren t  i .  adj ted to 
be between 0.5 to i . .- amperes. 

To en ure hat the received ignal 
1 th on of int r : an doe" not 
come from a power cable or some other 

0 1:1?'0-RPM MOTOR 

I EXTERNAL r.IOTOR ORI VEN .-
' 

-----. 
CAPACITOR CO N ECTEO TO 

OSC I LL ATOR C I RC U I T  

Figure 3 .  To prod u ce a warb l e  to n e, a motor ­
dri ven c a pa citor I s  con n ected to th·e os c i l l ator ­

tu n ed c irc u i t .  

N O T E  

This interesting description of the use of 
electroni in trumen ts to solve an i mportant 
communication - ·y tern problem is published 
through the courlesy of the Pacific T l phone 
and Telegraph ompany. T hose in terested in 
further details of the appara ·us are referred o 
an article by L. W .. Gunn and H. E .  Bomar, 
en title ' ubmarine Cable D tection, ' ,  pub­
li hed in  th December 1965 issue f Electrical 
Construction and llt aintenance. 

ource, a cl"  nc1 ive tone is produced . 

A man variable capacitor connected 
to the osc " llator circqit is driven by 
a 1 20-rpm clock-type synchronou mo­
tor to shift the frequency ± 2  Hz (see 
Figure 3) . 

The d tecting prob con ist of  a 5-
henry winding on a laminated iron 
core, tuned to 1 50 Hz with a hunt 
0 .22-µ.F capacitor . It is mounted verti­
cally n ar the bo� and b low th deck 
of the launch. The probe connec ts to 
the input of a General adio T YPE 
1 232-A Tuned A mplifier and Xull De­
tect r uned o 1 -o H z .  The output 
drive a tran i toriz d pow r amplifier 
and speaker ( ee Figure 2) . 

vVhen driven at  1 50 Hz, a trumpet­
type speaker was f o un to produce a 
marked third-harmonic output, which 
i ea y to hear. As the launch ap­
proache the cable, the opera tor hear 
the tone on the peaker and ees the 
relative level on the meter. The tone 
becomes louder until the probe is 
direc ly over the a bl at  ' hi ch time 

a null i p roduced . The meter i used 
to locate the exact spot .  The tone is 
heard again as th pro be moves pas 

the cable . 

To locate a cabie break, the one is 
follo wed until it disappc r . The sea 
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water grou nd th<' cv r d end of the 
.::a le to comp] tc the ·i reuit. 

'Vith O . . � amp r, of tran mit er · ur­

ren t and he cable m 0 lo 1 00 fee of 

\\ra. er, th 

indication 

the cable. 
the cable 

. . 
r ce1 ver g1 y, 

nbou 1 0 f 

I f  addi tional 

ar a ailable, 

an xc l lent 

t a wav fr m 

con ductor of 

they can be 

�l][i<'fil@0 A utotra n sformers 

Co ntrol S i m u la t i o n  o f  

Sol ar Rad iati o n  o n  

m ult.ipled to r d u C'e the r . i. tan c. To 

mcrca c the rang , th · u rr 11 an b 

incr a cl and i l l  not cxc d th 2 

watt output.  D u ri ng te t. -n'ith 1 . 5  
ampere of tra n mill r curren , he 

laun h r i vcd igna l ,  ,'o m  wha 

w a k .  but u able.  m ov r _oo f c of 

wate1' . 

L u n a r  E x c u r s i o n  M od u le 

Photo cotirtes11 of 
Gri.mman . L ircraft E11I1in eerina Corporatio11 , 

Bethpage, L. J. ,  .Vew l "ork. 

Shown here ore 1 2  of 1 4  boys in the therma l-test 
console d,esig ne d  by Grumm an Aircraft Engineeri n g  
Corporation t o  chec k  o u t  a Lunar Excursion Module 
mo ck-up und e r  si mu l a te d therm a l  conditions o f  outer 
spa ce. Each of the 252 moto r-d rive n Varia<;':i. a uto­

transform ers a c curately con trols the volt a g e  a p p l ied 
to a resistive heating e l ement a ffixed to the skin 
of the LEM mock - u p .  A sing l e  pushbutton energizes 
the motors of all  252 Vorioc transformers, a n d  their 
output volt a ges a l l  rise simultaneously from zero 
to preset vol'toges establ ished by t!he need l e  positions 

of a mmeters i n  con ju n ct i on with opt i ca l meter re'loys. 
If furth er fine c d ,justment of any p a rticul a r  V a r i a c  is 

required, i t  i s  done m a nua l ly w i th the fronl -p a n el 
knob. 

Varia c a u totransform ers were se .J ected for this 
insta llation for severa l i mportant reasons. First, their 
proven rel ia bil i ty, simp l e  d esign, and 1 000 %-overloa d 
c a p o b il ity g u a ra ntee d e p end a b le opera tion a nd 
m i n i m u m  m a intena nce. Second, a V o ri a c  do e s not 
d estroy waveform p urity by chop ping or resha ping;  
i f  the in put vol ta g e  is  a sine wa ve, the o utput volta g e  
is  a sine wa ve. Consequ ently, n o  R F I  is produ c ed .  
Third, motor-d riveri V a ria c o utotronsformers c a n  b e  
pro g r a m m e d ,  which e l i minates the need for m o  n u  a I 
a d just ment of the i n it i a l  vol t a g e  a p p lied to e a ch 
heating e l e m e n t .  

2 3  
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24 

t h  Ex ri m n t  r 

G E N E R AL R A D I O  CO M P A N Y  
W E ST CON CO RD , M A SSAC H U S ETTS 01 7 8 1  

( 

SOUND CAU B RATION CONSO L E  

This Sound Calibration Console was supplied to the Cal i b ra tion and Metrolagy Division, Newa rk Air Force 
Station, N ewark, Ohio, for use a s  a la bora tory sta n d a rd of acoustica l c a l ibrations for the U. S. Air Force. Among 
the mee1surem ent capabilities of the console e1re the following : 

M icrophone Cali bra1tion-Reciprocity ;1/elhod 

Mkrop hone, Col '  bratio111- on1parisou Jf etlw<l 

D irectional Cal i bration of M icro p ho n e s  

Freq u e n c y  R e s po n se o f  M icrop hones 

Freq,u e n c y  A n alysh-. 'arrow Band 
Freq u e n c y  A n al ys i s-)11-0ctaz•e Band 
Fre q u ,e n c y  A n al ysis-Octaz•e Band 

Charcu;terist i c s  of A n ec hoic Rooms a n d  C h am bers 

R everberati on M easu rements-Bands of 1 ois 
R everberation ,M easurements- H'arble Tones 

Freq u e n c y  R e s p o n s e  of A m pl ifiers 

Freq u e n c y  R es p o n s e  of Tape R e cord ers 

Tape R ecording of Sig n al s  

M eas urement  a n d  A n alysis of  Tape- R ecorded 
Sig n als  

..... Inquiries are invited for acoustic-measurement sysJem$. 

G E N E R A L  R A D I O  C O M P A N Y  
W E S T C O N C O R D , M A S S A C H U S E T T S  0 1 7 8 1  

I 
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