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TYPE 1214-AS2 UNIT OSCILLATOil
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TYPE 1214-D UNIT OSClLLATOn (July. 1958)
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TYPE 1409 STANDARD CAPACITORS
New, Silvered-Mica, SLaudard Capacitors, Type 1409
(Ivan G. Easton, P. K. McElroy: July, 1957)

TYPE 1419-K DECADE CAPACITOR (October, 1957)
TYPE 1421 VARIABLE AIR CAPACITOHS

(November, 1958)
TYPE 1490 DECADE INDUCTORS

Improvements in Decade Inductors (May. 1958)
TYPE 1551-B SOUNo-LEVEL METER

Improved Performauce Plus a New Look for the
Sound-Level Meter (E. E. Gross: October, 1958)

TYPE 1556-A IMPACT-NOISE ANALVZEIl
Short Decay-Time Impact-Noise Measurement (July,
1958)

TYPE 1605-A IMPEDANCE COMPAnATol~
The Phase Angle of PoLentiomeLers Used as Rheo
stats (H. P. Hall: SepLember, 1957)
Phasc-Angle Measurement nn RheosLaL' (H. P. Hall:
January, 1958)

TYPE 1607-A TRANSFER-FuNCTION lVIETER
A Transfer-Function MeLer for the VI-IF-UHF' Range
(W. H. Thurston, H. A. Soderman: March. 1958)

TYPE 1607-PI01 TRANslSTon MOUNT
A Transfer-Function MeLer for the VHF-UHF Hange
(W. R. Thurston, R. A. Soderman: March. 1958)

TYPE 1607-P201 TUBE MOUNT
A Transfer-Fnnction Meter for the VHI?-UHF Rauge
(W. R. Thll1ston, R. A. Soderman: March, 1958)

TYPE 1610-AFl CAPACITANCE MEA.SUIHNG ASSEl\tBLY
Complete Assembly for Capacitance Measurement~
at Oue Megacycle (November, 1958)

TYPE 1611-B CAPACITANCE "rEST BRIDGE
60/120-Cycle Model Now Standard I tern (February.
1958)

TYI'E 1671-A' BASIC COAXIAL CABL!:; ATTENUATION
MEASURING KIT
The Measll1ement of Cable Characteristics (Part V)
(W. H. Thurston: December. 1957)

TYPE 1671-A2 SUPPLEMENTARY K1T t"'Of\ MEASURING
COAXIAL CABLE Zo, V, AND C
The Measurement of Cable Characteristics (Part V)
(W. R. Thll1ston: December, 1957)

TYPE 1671-A3 SUPPLE~NTARY KIT Fon MEASURING
BALANCED, TWIN-CONDUCTOR CABLES
The Measurement of Cable CharacLeristics (Part V)
(W. R. Thurston: December, 1957)

TYPE 1931-B AMPLITUDE MODULATION MONITOR
(AI,';l, 1958)

TYPE 1931-P5 EXTHA TUNING COILS, 0.5 TO 8 Mc
Type 1931-B Amplitude Modulation Monitor
(April, 1958)

TYPE 1931-P6 EXTRA TUNING COliS, 3 TO 60 Mc
Type 1931-B Amplitude- Modulation Mouil.or
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Figure 1. View of the Sound-Level Meter with
microphone replaced by connector.

1 E. E. (irQS.1:. IoTIt~ TYfH' ).').-)1-:\ "ouorl·Lf."n'l ..\Iet('r"
General Radia E.rprrimenJtr, ~Jurch JU.i2. \"01. 2H, ~o. 10,
1"'" I 7.
'Thr proper ",,,tinl! ronner",r I the .\",phenol!1I ~IC:l~r

mal~ ("ahle Connl'('lOr, \\ hid.. Iiould. }ul\'e tilt." urit."ntation
of the i""ert ()C<'ifi,>(\ 8.. position Xo. ~. (,.. Fi\turc 2 for
eonn("<"UOD diagnuH.)

111]Jul Impedance: 7.3 ~In :hunted by
50 J.lJ.If

Oulplil Impedance: 10 Kn
.lllulIIalur: 10 st p: of 10 db (30 db t
130 db)' oH'rali Lran:mi 'sion can be ad
justC'd from 90 db CTain to 10 db 10:s
.1leier: Linear 16 db ,Tal· (-G to +10
db)
Rongl': llu db (2-l to 1-l0 db)

'31 00:1 or.1 J.I\' to 3.l6 v It
Open J() I\.n

Circ IIil Load

1.0 yolt

3.0 volt
9ldb

1.1 yolt,
Full, 'ceue Oulpul

r oltagr:
J1aximlUll ('I/(Jis

lurlerl Olilplil
l'ollage:

J1axil1l11t1l Uain:

AUDIO-FREQUENCY

METER AS AN

VOLTMETER

THE SOUND-LEVEL

AND AMPLIFIER

rrhc Typ 1551-A und-Lc"el ::\Ie-
ter Ii' widely u: cl a. th bu:ic in. tru
men for, ound mea, urem nt" but it
capabilitie a: a 0' tl ral-purpo e labora
tory inl>trument arC' u~ually O\'erl okC'd.

• •

Th heart of the in trument i a 'ta-
bili7,C'd, wide-rangC', high-gain amplifiN
which driy , an indiC'ating meter, and
the'C' are th C's:C'ntial el ment' for a
high-sC'lIiiiti"ity audio-frequency \'olt
met r. Thus, it can be u. ed for gain or
10,. mC'asurement:, for hum and nois
measu]'('ment.. for monitoring, and a'
a bridgC' amplifier ano null detector.

F r tIl(' 'C' II. e the microphonc i' re
m "ed a: ,'ho,,"n in Figur 1. and th
\'oltage to be mea 'ured i.' applied to the
microphone input conn ctor.2 The mng
of the in.trument j' from .1 mi('I'o\,olt·
to 3 volt:. Th actual indication' ar in
dc'cibel. which cun be us el elir ctly for
gain or 10. s. ThC' ('olTe'ponding Yoltag
can be ohtained through the u. e of cic
ci\) 1conyer. ion table' '. In fa t, the ain
of the instrument ('an be;; t so that full
scalc meter readings follow the 1 3 10
serie commonly found on audio fr 
quellC)' YoltmetC'r '.

The other important characteri,tic.
of the in,'trum nt ar 'ummarized in the
folio wi ng table:
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- -- -
INSERT FROM AMPBE 01. t91MC3F
fEMALE CABLE CONNECTOR
POSIT ION o. 2

REQUffiES AMPHENOL -9IMC3M MALE
CONNECTOR POSITIO o. 2 TO MATE

db. t th fr quenci it is de irable
to u the attenuator to k ep hano
in meter reading a mall a p sible.

Noise and Hum Measurement

Figure 2. Connection diogram for input connector.

USES

Bridge Detector

Th hio-h. n itivity of thi amplifi l'
make' it a v ry ..uti factory null d t 
tor. Eith rth panel m tel' or earphon
an I us d to indicate th I rido- bal

anc . TUlled fi It r. 'an b in -crted 0

discriminate again.. t barmonic" in th
bridgc :ourc . Th L31-P2, P3 and P5
filter' plug into h lLTER l'
jaek 3 of the 0 llld-L \'cl :\1 t r. Th
Typ 19.-J-AFil l' whi<.:hgiv reater
harm ni rej cLion ('an b c nne ted
at th input t h amplifier.

LO\\'-frequ ney hum, . uch a pickup
fr m p II' I' line.' can be reclu I b a
facL l' of 10 if th \I' ightin -n twol'k
.·witeh i set at A rather than a 20 kc.
Thi' 'cUing rduce' thc re pOll t
10\\'-fn'Cju n('y ..ignal. .

Gain-Loss Measurements

'fhi' ,'oltmetel' i.. particularly u. eful
for mea..uring th tran:;mi..:ioll <.:hara 
t('I'istiC' of audio-fr quen y amplifier,
filters, and tran ..f rm( 1'''. The d cil 1
settle cun b u.. d dirc'etl:, ,'ince it i·
u..uall. the ratio f input t output \'olt
ag that is wanted and not th ab olute
n\lu . Th input imp Jan (7.32 i\In)
i.. high enough ..0 that th mel l' will
ordinarii r not up' t the ircui b in T

t ·ted.
A frequen ·ie. bet\\·c n 15 Kc and 2

1\c errol'. in th meter 'cal can ap
proach +L5~' when the m t I' i u. ed
t m asure 'hange in the ord I' of 10

• Thc plul: should be inserted just far enough 10 contnct
tb terminu.1 of the jack but not (ar {'nou~h to callS the
jnck to 01>80 nod disconnect he preceding lng"" in the
uUllJlifier.

Th high en itjyj y of the .ound
level m tel' makc' i vcr u ful for
mea. uring dil' ctly th hum and noi
1 v 1at the u put of audi d \'ic .

lth u h an a-c PO\\']' upply i
ayailable, the in trumcn i normall
batt]' operaLed,. 0 i d no in '1'0

duc bum in 0 h 'j' m b in m a 
ur d. In th m a urem nt f th noi
le\'cl of magn ti tape l' rder, th
w ighted ( or B) re p n. of th
ound-Ie\' l m tel' i often u d . in
hi give a b tL l' l' pr ntation f au

dibility of th n i . If m a urem nts
ar de ir d in I'm of dbm the gain
can b et tha 0 dbm \vill b at a
l' aclin f 13 db and th total rau'"
will b fr m - I G to +10 dbm.

Th lIPP I' limiL of "oltu'Y m a ur 
men t i. in l' a' d b a fa' I' f t n if
the l' 'pe 1551-Pl1 ~ db pad i. in erL d
in th filLer jack., Th \'oltage 1':1110-

h n beeom .. ;) mi 1'0\' It' to, 0 "olt ,
and th dbm range - +30 dbm,

Monitoring and Recording

The low-di L rti n outpuL ir lIit of
th .ound-l \' 1 m t r can 1 u d to
op rate an 0 'ci Iloo-raph to mon it I'

yi 'ually th i nal bin'" m a..ur I or
arphonc.. can I II 'cd f ]' uUI'al mon i-

toring. The ouLput . '. tern n al
be lI. ed to operat analyzers or graphic
le\'el l' C I'd '1". , ince .:cparat amplifier
. lao-e. driv he meler C'ircuit and h
output circ lit, the nature of th load
placed acr .. the output terminals will
not aITect th \'olLm t I' I'eadino-... F I'

b . t op ra ion of the outpuL amplifier
howc\' 1', the load hould b 20 kn
or hi her.
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TABLE I

in th n rmal fa. hi n, th meter I' ad
+3.:' db wh n th DE 'fEEL. -"'itch
(aU nuator) i· at .\L and th wcicrht
ing ,\\·it(·h i' at 20 kc I' ',\L.

2. Th microphon en iti\'i y i,'
-57.,- db and .1db fr m Tabl I is
-1.7.

3. The AI. (' lltl'ol i I' adju·ted
untillh m t I' I' ad, 3 ... - 1.- 01' + 1.5
db with lh \\'ei hting 'witch at ..0 k ;
th m t('r 'lill reacl.· +3.2 dl ,,'h n th
w igh ting .'wi teh i I' tat d to .\ L.

4. The \' Ita ling m n 'urrd cau 'e
th mdrr tread +2 db wi h lh \ at
l nuntor .'( t at '0 i.. , ()2 db. To (' n
v rt db to volt:, ntrr th h rizontal
'cale of th chart (Fi ure 3) a h

5

Calibration Procedure for
Voltage Measurements

"h n it i d irabl 0 om'ert th
decib I reading of til m tel' to til
('orr p neling volta ,th followin
pI' C dur . u' d to adju ·t the ain f
t h iwlrum n f I' full 'al r adin. f
I 3 10 eLc.:

I. alibrat the 'oulld-1 \. 1 m('t('r in
the n rmal fa hion u;inO' th G -c • Ie
inl rnal calibralion y ·te m.

2. Fr m Tabl I b I w determin
Jdb, lh COlT cli n factor dictated hy•
th micr phon en itivily po. t d in
th micl' ph n well of h . und-I \. I
m r.

3. Adju t L ontrol until m tel'
reading wilh the w ighlin "'iteh n 2
kc i diff r nt fr m th I' ing wh n
lhe w ighting "'itch i· n AI. b lh
amount d t rmin d in 2 ab \·e.

4. ':; th chart in Figu I' 3 to con
v I' h d eib I readings ( f th .ound
I v I m leI' t th vol tag(' app uri ng at
it inpu terminal'.

Exampl
1. 'Yh n th in ·trum nt i' calibru d

Mic'rophone • cn iti,-ity
db re 1 "olt I'bar. From
l5S1-A :-'ficrophone Wcll

- 0
--J

---, (

--

<lodb Valuc to U e in
tting 'AL onLrot

t I' a Above

- .2
-3.2
-2.2
-1.2
-0.2
+0.

•

•

50

<Il
~
J
o
>

w
W
<Il

100 _.-~,-,~,- r, '
• ' > " -::r·tt .

. ' •. , i ~1-_+-'~.- 1- 00

•,

• Co ". 1,,_,•• __ 1 -',: • _\' _ <._ •
'+'.-'-'+-,..,.J....::. ' ,•,,-" , .' '-, .

,~:=::=;;;. I~ ,;J- -
4 0 •= ,~"'"=-10" ~I:-::' =

Figure 3. Chari for w ·. T::-
converting db read. J ,-.i -+! .en 301 ." _.~ -' "
ings 10 volts, after <l' • - = r T ..
instrument has been ~ t-. 00.\'2.0 ' t,= - .~ I;~ .

\
.•.•- - . E'" "". .

standardized for a:: 20 "0' , .""-- _.
W &0'<> .. ;:=

full-scale values af::i ' <lo0' l- _ I" .:.. .c~

1,3,10, elc. ~ 10_ ~h ~/ t"i::t' ';:", ~_ .

• 1 • -
::I:

~'O I~ \0' \~O : t': t
:~~~:;;;~no' \ f' _ . ~ -.:'" • •!1 0 • .,,~

5 !l ~. : ! _ .j. - •

4
.,...

--+-0-'----,r--:c I - ATTE UATO R .
3 ., ~n Lt. SETTI G

- of" ';:.q r.;-, 30 OR 40---- ..- ....... -.
'" :..:c •.:.. ''': L'....c:..r _ 5 0 0 R 60 -

2 .;~. ~ "= 70 OR 80 I"
• ,;; :;:+ 90 OR 100 t:

-
2 I 0 I 2 3
METER READI G IN

" :I 6
DECIBELS

7

+
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m't I' rcadin (+2 db) and th n go up
to cul'\'e for th att nUMOI' .'cUinO' (GO
db); at thi: point I' au th \'olta c input
t th' in:tnlmcn (1 0 miel' \"olt:) by
O'oing horizontally itlll I' t the left or
right and multiplyillO' by till' futtor ill
clieat!'d ill the tahl .

Th low'.t full-seal I' aling i: 31.G
miero\" It: when t!w atl 'IJuntor i· at 30.
Th maximum full-:rale I' 'a lill (with
th' atlelluator at 130) i.. 3.1 ' \'olt:.

Frequency Response

The \' r-all frequ ney rharac:t'ristic
with the weight il\lf swit('h ill th' ~O-kc

po:-;itioll i.. shmm in Figurc I. Th' am
pi ifiC'1' ha: a \'Cl'y flat I' 'HI on:(' from 10
ep: to (.) k<' with tIl( half-pow('J" point:
(-3 db) o('('uITing hpl \\':'" ('p: and
abo\"l':2 k<', alld th re:ponsc is us ful
d()\\"11 to 10 ('y<'1e: and up to 3.) kc.
'Yei rhtin II( (\nll'k.. J'(' in('lud u ill a
, oUlld-le\'cl mpt( I' to modify its 1" pon:
to appl'oxima(p thc I' 'SpOil·' of th
human curto purl' tOil s, 'I'll(' response
of the ear i: esse nl iall ' Ulliform at hi h
'OUllel I \'el:, hut at \. ry 10\\' :ound
I('\,e\.. the cal' i: mu('h 1'SH H'Il,iti\" t
low fl'(·qu 11(')' "oullds t han it i.. (0 hilrh
fl' qlWIl('y ..ound... The ('UI'\'C' ill FifTur
,J ..how (he fl'eqU('IH'y r ,pOllse 'h: m('
t I'i.ti(', ('hos n for th ..ound-\('\··I m 
t'l' for low 1'\' I ·ound' (.\ ;\('twork)
m drat le\' I, umb (B ;\('( work) alld
high I \"e\ 'OUll \.. ( , ;\ t work). Th
;\(,t\\'ol'k J'("'pons diITC'r: from the :..0
kc I' ':pOIlS hC'eau:e th' amplifi('J"s ar
auju ,t 'd to gi \" th fiatt '.. t I' ':pon

with th microphone tha i' u 'ed with
th ound-I \' I m tel', .\' illdicat d
ab \" th \\' i hted I' .. p 11:' f the
'olllld-I \'cl m t I' i' u..cful wh n hum
i: pl'(' 'Cllt in th sifTnal fl' m a bl'icl e 01'

\\'h('11 the efTecti\" noi. Ic\'C'1 inth ut
put of an l1uui amplifi. r I:; boinO'
mon..ul' d.

Input Noise

Th in her nt el dl'ical Iloi,;' \"olt:lg
ill th 'OUl'l' r(',;i:tallc and in th in
't I'U men t can 'au,; an IT)I' in t h met I'

I' adill" at th 100\'(,:t 1'\' k This elTe 't
ha: he'll tak 'n illto aceOUII(. alld tho
UI'\'(' for th . O-db a llllltlor position

in Figure 3 ha: he Il ('OIT eted I'

:OUI'<: r ..i tall<' .. of to :?O.O 0 ohms.
lI('IH'(" th minimum \'()Itag( rnl'tlSlll'
m('llt i .J, mino\'olt: and 1I0t .J,O
mi('I'o\'olt: us it would he without th
noise \' ItaO' , With a l-rnq.~ohm souI'(:c
I' ,;i,tane ,th lIoi:' volta r ('au.... a
meter I'<'a.ding of -:? tlb ( min \·olt.)
\\'ith the a.ll 'llllatOI' at. 0 dh. For pnl.C
lieal purpo.. :, the noi:e \'()Itag' of lh
soun'(' ran b n('glp(·t l if it J'('ml1in:
1 db (3,1) to 1) }H'lo\\' til<' si"llal \' It
a"e bing mea:ur d.

Effects of Waveform

Th indicator on the ;-1oulld-L '\" I
~r( t I' i· a 'oPP('I'-oxid -lwtifi'l' type.
in whi 'h the I' difiel's aro (p 'rated at
lo\\' eurl' nt d lI:ity. Th m('t'r i:; 'ali
brat d to I' 'ad the r-m-: valu of a .. in
wa\' and will pas: th(' tc,;t f)1' I'-m-:
adtlilion .!wcifi I in .\ppen Iix B of th

Figure 4, Over-all frequency characteristic, with weighting switch in 20 kc position,
.0..,

I , I I I I I I I I • I I I J J I, I AT O~:'PUT

V
: ,~ J A

IF REO U E NC Y RESPO SE TYPE 1551-A

\ SE StTiVITY I mv • 70 db , I I T METER 1\\
SOURCE R' GOOn . ,

• ; -r \'
LO AD R • 20,ooon ,

I !.,
I . i •I I

:
I

z
- 0
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o
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"'-10a:

'">-....
:3-20
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a:
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I i A, 201«

I I I 201<c/rc 8 20l(c I e, I ~ C, e
B I V ELECTRICAL FREQUE CY RESPONSEf-I
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./ I I-
I

Figure 5, Frequency
response for 011 posi
tions of the weight-

ing switch.
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".\m('riran tandard for ound-Le'\' 1
~I tel',' f r the;' rea, ur Il1cnt of .:\ oi,'('
alld Othrr • Gund:," 4 Oil romplrx
\\'t1\'e.' th I1wtC'r inditation tl( proach .'
til(' full-wf\.\·r redilied n.y rag ra.th r
tlutll the r-m-: \,alllC'. 'rhi, type of indi
cation closely approximatr,' UII r-m-,
indication for many t mmon wa\,
form:. n :-;quar Wf\.\'(", wh re p( ak
r-m-:, and f\.yc'ragr \'alue:-; arC' j I ntical
the mrtrl' r aling i8 high h' approxi
mately lOlj( I rau:r it i, calibraled for
sine ,,·a\,:. On trittlwular wa\'c:-; it:
reading j, h'l w rm' by ah Ill, 3/
while on random noise LI r ading i:
low by al proximally I ("/.
I Z2-1.3 - lUll, .\IIH~rir31l ~tllL'\dtlnls ..-\ soc:iation.

Summary

The T pe 1;'5;'51-;\, und-L \'el1\1 t.el'

11a' many eharactcri -tir that mak i a
118rfU I grll('l'al-pu rp08 labonttory in
Ktrum 11t. Il i.' rss('nLiall" l' hatt r -, ,

0P('l'l t d. high-scnsili\'ily, allclio-fr
qll('lH', \'olt m lcl' spl'cinca.ll: I sigl1ed
to mel r the' output of a mi('l'ophol1 .
Th(, dlaraet Nisl i{'H nl'rded to mak l he
in:trllI11 I1t sal i:fador" f l' it: in Lend cI

•

purpo.'r ,1' tho:(' l' quire I in it 1lllml el'
[ other lab ratol'Y maRt! ['('mcn Is. ILigh

'l'n:ili\'ity and high gain aI'\' us ful fol'
hl'idg ampliflers and 1lull dC'l doni U~

well a~ flr hum und noiRr nwu:ur\.'
!1'1rlll', Thc dl'cil I H('al i: n:e'ful whell
me:lHul'i ng trunsm iRsi 011 Charactcrisl ie:
of audio eire'nit: whik the d eibel I' ad
ing; ('an readily b rOilY rt cl t cor
l'C'fipondillg \'oill) g ,

- E, E. RO:,

A 400-CYCLE VARIAC1D WITH
20-AMPERE RATING

Th ne\\' ,'II ral Badio :2 -"tmpCl'r,
milital'ize'l, high-fl'equ 'n(' \'ariac foi
l \\'s thl' paLlrl'1t e'tabli,·h d in th
mailer ral ings j)1'('\'iOllRly annoullC'cd. 1

Th Typ ~12 \'arine, likr it. ('om
panioll lype:, th ::\L, 1Ir.- an 1 :;'lllO,
is rug;gl'dized I II' pitalizl' I, al1d de:igned
to \\'ilh:land fiuccessfllily th u:ual
clI\'ironml'Jllal, operational shock and
\'ill'ulion L .l: normally l'('quir d for
military op('ralion. lL can be p ral d
at UIlY 'U pply frrquency bl'l II' en 35
1" ~e'\ \'arifi('~K) .-\lIlotran~(lJrlllcrsfor :J,jO-ll1-1200 (')'<:,)("5

'en-ire," Gell('(ol Rndio E:tptr-imcI"cl, 2fi, 2; July, H),'} I,
PII. H- .

"The Typ(' )[ 10, n lO-AUI)lpre \':lI'ifl,('"R .-\11 otrnns
(orrner for :J.)O·to-1200 ryr}f> ~t..'r\·i('(',·· Genual Radio Ez
perl1ncIIler. 2!l, ij; . O\·clUucr. 1HJ4. I'P. () 7.

View of the Type M20 Varioc,
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View of 2-gong unit, Type M20G2.

and 1200 c"eles. Other feature of
•

th' (~1' line \'l1riae.· includ .. tamped
ba..e and radiator for impro\'ed shock

re 'i::;tance and protc etion' improv d
heat tran fpr betl\" tI coil and base f r
cool l' op ration; fini he' material,
and lubrication to meet rig rou. mili
tary requirement.

A new hru has. embly removable
radially in t ad of axially for greater
en'ice acce . ibility, i. here introduced

for the first time. Th n \\' bru hp pre-
er\" the nlluable attribute" f the

former GR ullit I l'U ·he., low unspmng
l\"eiO'ht, 'oil springillO', limit d traY 1;
bu t off l' improyecl heat tratl -fer to th
radiator and lYren.ter convenience in
examinution or r placement.

The 1\120 \'ariac extend' the rang of
controllcLble 100 eycle power into the
multi-kva I' gion requir d by today's
aircraft, mi. ilo' \'os:'els and vehicles.

SPECIFICATlONS

Input Voltage: 115 volts, :380-1200 tyC'les PCI'
second
Output Volts: 0-115 or 0-135.
KVA Load Rating: :to
Rated Current: 20.0 ampere
Maximum Current: 26.0 ampere
No Load Loss at 400 Cycles: 27 watts
Dial Calibration: 0-11.-. 0-135
Angle of Rotation: ~H) degree
No. of Turns on Winding: IGO
D-C Resistance, 20° C: 0.15:3 oluns

Driving Torque: 30-60 oz. inche
Replacement Brushes: T.\'pe "BT- ,.2.00 JX'r t
Dimensions: Base, 7 1'2 x 71~ inches (tLdd I inC'h
fol' adequal.e clearan 'e); OUI' mounting hi,
0.:390 inch ,in corner of ba e, 6 1t inc·h('s on
('('lIlerll; thre alternn.tc mounting holes. sp:w('d
120· on :~-inch radius, t. pped l{_ ; depth
1 hind panel. :3 \', IG illC'h('s. :\laximum jln.1l 1
thickne1'" 1 2 inch.
Net Weight (with knob and dial): 12 pound, 13
ounc('s

__T~YP-,-e-t_

M20

M20BB

Variac .

Variac (with ball bearings) .•...........•...•.•••••

GANGED UNITS

Code Word

CAne

CAVTLBALLY

Price

$48.00

56.00

2-gang 3-gan 9
Type No. M20G2 Type No. M20G3

(uncased) (uncased)

Dial Calibration ........ ................ 0-10 0-10- -
Driving Torque, inch-ounces . ............. 60-120 90 1,0
Code Word . ........................... CA ''"I LOA :,\lU L CAYTLO N"f¥

Price . ................................. $107.00 $155.00

Price with Ball Bearin9s *................ 117.00 167.00

* Add "uffix BB to t.l'))(' number

General Radio Company
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Two Every Day

Ire Power

Capacitance Bridge
One Megacycle . .

Co"~ .

COVER

Ma ac usetts
27

Cambridge 39

__MY

s.

...' .....,•

W YOR I

W

In the measurement of
crosstalk between com·
munication channels, the
use of random noise to
excite the interfering
channel results in a con ...
siderable saving of time
over the point by point
methods formerly used.
Since random noise has
constant energy per cycle,
the interchannel crosstalk
can be evaluated by a
single measurement. The
photograph shows Fred
erick D. Da~l, Transmis
sion Engineering Depart
ment, General Telephone
Company of California,
using the General Radio
Type 1390-A Random
Noise Generator and the
Type 1206-8 Unit Ampli
fier In this type of mea
surement.
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TWO SHOWS

EVERY DAY

SEE US

ON THE

SECOND AND THIRD

FLOORS

FEBRUARY, 1957 ~

THA"t N~~ \DEA
IRE

GENERAL RADIO
COMPANY

Booths
3302, 3304, 3306,

2319

You'll tw

at the ~ ~ew York

n ral Radio exhibit at th 1957 Radi

oli urn:

En"ill crill r • 'how
"

(1) A DISPLAY OF NEW AND UP
TO-DATE TEST INSTRUMENTS ON THE
THIRD FLOOR;

(2) A DISPLAY OF PRECISION PARTS
AND COMPONENTS ON THE SECOND
FLOOR.

~ PRECISION INSTRUMENTS

Booths 3302-3304-3306

Many of th in trum nt that you
have l' ad about in the Exp rimenter
during the pa t year will be 011 di play.

Impedance Comparator - mpar
(Wo imp dan t 0.01 1 - F I' pro
duction te ting, it can bud f l' in
"p ction and a eptan t t, on in
ductor ,capacitor and I' i tor~ j for the
in pection and adju tm nt of aaged
unit for proper tracking; for material
in 'p tion, uch a' 'ilvered-mica h t ';

for ac ptance teo t n balanced wind
ing, and for 1 ·ting re istors to
minimum pha - 'hift pecificati n . In
the laboratory, it pe d up u h m a 
ur m nt a that f drift in l' 'i tor,
and f temperatur and humidity char
a t ri tic ; f l' th latt 1', built-in
guard circuit, provide for m a ure
ment in c nditioning hamb l' and
output circuit for I' cord l' operati n
are provid d. Th pI' ci iOIl and p d
of thi comparator bring laborat ry
accuracy to production line t ,tin r;

con\' I' ly th y bring production-t :;t
'pee I to laboratory mea.ur men Is.

Type 1605-A Impedance Camparatar
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tim -domain mea.ur ment', llic:rh a('
curac'y. exedl nl stability and eomplet
r.exibility arr combined in thi g 'nera
tor with ,'ery widr range' f op ration,

Type 1391.A Pul.e, Sweep, and Time.Delay
Generator

Type 123:1-A D·C
Amplifier and

Electrometer

Type 16:13-'" z·Y
Bridge

Electrometer-Ea ically an ultra-hi Th
rc~i.lane milli,'oltmetcr, thi: in:tru
In nt mca:ur ' yoUag , a' Iowa: C,,
millivolt, CUlT lit: a,' I w a: ;) X 10 1.
amp( I'('S, and I' :si.-tanc(.- Up to ;) X 1014

ohms, I irrl't-rradil1g wit h high .. IIsi
fi,'ity and rxccll nt 'tabilit " it ha: m t
imm diatr aee ptane in 11 in rin I

.,·i nc , and indu. tr. ueh fatuI' . a..
~uard t rminal recorder output car ful
:hi Idin make it adaptabl to a wid
\'ari ty of 111 a 'ur men t "

Impact Noise Analyzer-Thio' un
u.-ual in:trum nt \\'a.' sp 'eifically d 
.-ign d to "aillat th impae -typ
nois " eneountrrcd in all typr: of mod-
rn indu:trYi noise produe d by :ueh

op rati n;' < tamping, punchin~ and
ri,' ling. Itimplifie: th m a.ur m nt
of :uch noi 'e' which formerly l' quir d
an xtrn 'i" arra' of {Juipment. I 0

in thi: Ii 'play arr oth I' in'trum nt ,
compri:ing a ('omplrtc :ound-m('a:lII'ing
y t m.

Pulse, Sweep, and Time-Delay
Generator-Thi.' g nerator produc '
plll h-pull pul e ,a\\'-toothw p Yolt
ag s, and time d lay' to m et th r
quir ment of laborat rie n a ed in

Universal Audio-Frequency Bridge
The Z-Y Bridg, pos:e: 'es th unu 'ual
prop rty that it can be halanecd for
any impedanee ('onn <'l d to its rrmi
nal:. from :hort t p n eireuit, I' 'al
or imaginary positi,' I' n ~ati, e, (;0\'-

ring th frequeucy rang from 20 c'y
d : to 20 kilocy('\r', it has in addition

•

to the routin mea,'ur m nt of R. L,
and ',many applieation: in d termin
ing the 'harad ri.ti·s of magnetic cir
euit· tran f I'm 1" I 'fr -ac u ti,
tran 'ducers, and 1 tr Iyt ~.

Unit Instruments- : illator '1 im /
Fr qu ncy 'alii rator, Pul ; n rator
Put.' , •\.mplifi r.

Thi' group, r pr ntatiy f r cent
additi n' to lR" line of \videl u d
enit In'trum nt: ofTer' the ele tron
ic' en in I' ut tanding performance
and quality at minimum pric, mall
in 'ize, yer alii in applicati n, and
rdiabl in operation, th y ar lra
tically indi p n 'abl lalorat r it Ill',

Military Electronics-A group of Gen-
ral Radio in 'trwn nt' d('. ign d csp 

eially for military u. will h sh wn,
in 'hiding a fuel-gau calibrator, an r-f
bridge. and a y ltag regulator.

Type 1213-'"
Ti me/Freq';e ncy

Calibrator

Sound ·level
Meter with
Impad·Noi...

Analyzer
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~ PRECISION COMPONENTS

Booth 2319

This exhibit on th' cond floor ~iycs

u. a lon~-awaited pportunity t prc
. nt to y u our lin of high-quality
pI' cision inst nllm nt parts an I acc ;;.'0

ric....\lthou/!;h dcsi n d or~inally for
u. c in : n ral Radio in'lrument .. ,
tlw;;c part.' UI'(' wid I ' us cl hy ther
manufadur rs I Ih in their own prod
uct. and in ..p cial-purpos laboratory
in.. trull1ent.. buill for u. in their OWIl
plant.. Each il'm i. I uilt to d rtnil<'
and c'ar fully conlroll d c!eC'lriC'al and

•

m 'hani 'al .))('eifi ·ation. to me t th
cxactin~ requir'm III of in'trum nt
maker'.

In till' group of it '111 ar I cade a'
scmblie: of I~, L, and '. yariable air
eapa 'itor:; tran;;forll1 I"; kn b ; diaL"
clial driyc.. ; eoaxit I COlllle't I' ; plug
and jac'ks; patC'h cord.. ; pot ntioIll t('l':;
and hindil\O' p sts..\1:0 inclu led i.. an

xtcnHi \' di ..play of t1H' world-famous
\'ariac continuOII.I\· nuiabl' auto-

•

Inn 'former.

•.

, t•

•~-.
•

THERE IS NO SUBSTITUTE FOR QUALITY

~ n ral Badio pI' duct: are d 'i rn d
for long life and I' liabl p ral ion. A
huc'kgr und of 11 ycar.' of exp ri ncc'

in the de 'ilYIl au I manufuc·t ur of clcc
tl'Oni' in.. trum nl .. and c·omponcnt· i·
rcpre;; nt d in cac'h (; H product.

A cordial welcome awaits you at both General Radio Exhibits. Come in and
talk over your measurement problems.

THREE-WIRE POWER CORD

A three-wir POl\' l' C I'd, TYPE 'AP
J.) i.. now ayailahl from ,t ck. Lik
til(' popular TYPE '. \P-35 two-wir
c' I'd, th 11 \I' thr e-\\'ir mod ,I i.. 7 f t
I n~ with mal(' onnector at ne .n I,
femal allh oth 1'.15 th eonn ctOl" aI"
molde I illt 'grally with th rubb r
COY I' d corel and conform to th .Am ri
can tandard for Crout ding-Typ t
tachm n Plug ap and RcC' ptacle

73a-1953.

.\11 lhr('e condn ·tor' are _TO. 1
.\. \ ;. lrdrical ratin~~ arc 7 ampcr :
L23 yoll '.

CAP-15 3-Wire Power Cord

('od!' II'orrl
TRICO

Prne
$2.25
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ASSEMBLY FOR
ONE MEGACYCLEAT

CAPACITANCE BRIDGE
MEASUREMENTS

Both comowr('ial ano military .p ei
Ii cation for enpacitor' of I 00 J.lJ.lf ano
Ie call for m L sur ment of ('upu('itune
and di . 'ipati n factor at a fr qu ncy f
on m gacycll'. Th TYPL 71 '- '.' 1 :1

pacitancc Brid 1 ha b en dign d
. p ifically for th e mea urement. In
C'onjun tion ""ith a 'wtable sumpl
hold r it can I> Uf; d qually well for
2-t rminul m a:ur mcnt.' f diel ctric
e n tan and di.. ipation fad r of di
electric .

Thi bridg i now ofTerecl in a c m
pi te a . mbly Typ IGlO-AT includ-

ill "enerat r and detector, an I eon"j,.,t
in lY of the following item':

TYPE -16- I apadtan" Bridge
TYPE 1211-B Cnit ~cillator

TYPE 1212-A 'nit .. 'uU D tector
TYPE 1212-P2 ne-~I gacycle Fill'r
Two TYPE 12 3-A Cnit Power SuppliEc'~

TYPE P5L' I and T"PE ·Ie P W:3
Adapt r Panel

Relay Rt\ck abinel
Connertion ahl. and PO\\ 'I' ('ord

Alth ugh calibrat d f l' a fr quen y
of on mac) cle, th bridg can be
u· d at any fr quency b (,W n .1 and
;) me ac 'cl ' (' Accuracy blow).
Acce orie ar availabl which nh nee
the u efuJne and onv ni ne of th
a embly for 'p eifi maul' men .
For the m a ur m nt of mall eapa i
tor, parti ularl di - ramie typ ,
the TYPE 1 1- apaeitor Te t I ix
tur 2 ire mm nd d. With the TYPE

1 90- Di 1 tri ampl Hold 1',3 pee
im os of diele (,rie mat rial in th
form of tandard.\ T},1 2-ineh cli. ('S

can b maul' d.
II\'an G. Easlon... A On~-:\I~KDrycl~ ;;rherin~ Brid~ ,'.
G",rrol Radio Exp<T1mtnlrr. 26, II, Februar:y. 19';2; pp.
'l-7.
2". C-oov nient Te t Fixtur for o;'mall apacitor,"
G n,.,.ol Radio Ex/>' nmmlfT, 30,5; October. 1955; pp. 4 A.
J" A ample Holder for • lid Oi I trie l\Iat rial :.
an rol RadioEr/XTImrnltT,'l .:l;AuJtUsr, }9:;1; pp. I 5

SPECIFICAliONS
Capacilance Range: I ir ('tMethod, \00 to IISO
I'l'f;. uh.titution l\fethod, O.L to 1050l'l'f.

Dissipation Faclor Range: Dirert l\Ietbod,
O.l)()()()2 to D,S '; Hul.titution ~leth )d, OO2סס.0

(" ("
X C- t 0.5 X ,. whl'J'(' (" i~ the raparitance

x x

lting of the internal >it'uldard rapac-itor and
('x th l'apacilance of til(' unknowll.

Frequency Range: C,l1ibrated for OIl<' III garyl'll',
the hridl!:e op<'mtt'~ -:lti>ifa('toril~' at frl'llUI'IH·i,..
hel W{'E'n 0.1 and - IllI'Il::l(·\'(·II'~.

Accuracy (alone megacycle):
Dire~t Reatl/l/(J: :lpacitantl', = 0.\ ( ( 1

",,,,f when the di,"ipation f,lctor of thl' unkuown
i~ II'"'' than 0.0\: Dj"ipation F,wtor. O.OllO.')



7 FEBRUARY, 1957

or ± 2% of dial reading, whicht'vt'r i larger,
for value of 1) below 0.1.

'lib titution M thod: Capa 'itan e, ± 0.2'10
or ± 2 p.p.f, whicht'vt'r is larg 1'; Dj. ipation
Fad or, ± 0.00005 or ± 21'0 of the change in
D ob rv d, wh n the ehange is legJ than 0.06.

When tht' di ipation factor of th un known
cxeeeds the limit gi ven above, addi tional ('rror~

occur in both capn. 'itance ano cfusipation-factor
rC'ading8. 1'1' ction formulae lire ~uppli '0 by
mean of which the accuracy giv n above can
be maintained .

.\ corr ction chart for t h precision capacitor
i upplied giving calc cOlTe ·tion to 0.1 p.p.f
at multipl of 100 p.p.f. By u illl!; th data
sub litulion measurement can be mad to

0.10:0 or ± O. p.p.f, whichever is the largC'r.
For capacitance Ie. thun 25 p.p.f, th errol' will
decrea~e lint'arly to "= 0.1 p.p.f. I t is al p ssible

10 obtain, at an xtra charg , a worm-eorrection
calibration with which u titution measure
ment can be made to an accuracy of 0.1 (Jf or
± 0.2 p.p.f, which v r i th larger.

This sam accuracy an be obtained at other
frequen ie between 0.1 Ic and 3 ~lc, if cor
I' cli n are made for the ffecta of re idual
impedanc , and if ad qual filtering i pro
vidt'd for th null d t ct r. 1'h filter furni. hed
with the a" mbly operat at 1 Mc only.
Accessories Available: For m asur ment on UII
l!;Uaro d di I ctric specimen, the TYPE 1690-A
Di I clri • amp] ITolder i r commended. For
measur ment of mall C'.apncitor having paral
lel, ide-by-.ide lead. the TYPE 1691-A n
pacitor 1'e,t Fi.xture i recomm nd d.
Dimensions: (Height) 43 X (width) 22~ X
(dC'pth) 20 inche. , ov('r-all.
Net Weight: 150 pounds, approximat Iy.

Type Code Word Prir
1610-AK Capacitance Measuring Assembly .....••.•••..••••••

Worm-Correction Calibration for Internal Precision
SIREN $1290.00

1690-A
1691-A

Capacitor .
Dielectric Sample Holder ....•.........•......•..••.
Capacitor Test Fixture .

\ RMY

LOY L
..i0fCT

50.00
435.00

22.50

CORRECTIONS-December Issue

In the tabl on paO"e 9 of our Decem- p ed i (0.5 w ep p l' econd) some-
b I' i ·u ,th G n ral Radio loLled what high for l' cord l' work. It i po 'i
Line 'hould b Ii ted a Typ~ 7-1-LB. ble to operat th drive manually,
'1 he old rTYPE 71-LB i not adaptabl however, to obtain an - plot.
to motor driv . The TypE 1750-A 'w ep Drive can

Th fir t ntry in the table TYPE al'o be us d with the TYPE 1001- ,
1302- cillator indicat that th 05-, and 1021- tandard ignal
TYPE 1750- weep Drive can be u d n rator and the TYPE 1330- Bridge
wi.th a graphic record l' or an r - pI t- 0 cillator, although the weep rang i
tel'. The driv i d ign d primarily for re tI'icted t that vered by 3000 of
u e in R di play and it. mi.nimum the low-motion drive.

Jame, G. Hussey

NEW GR OFFICE AT LOS ALTOS FOR SAN FRANCISCO BAY AREA

The ,en ral Radio ompany ann unce th p n-
ing of a ales and ngin cring office at

11 2 Lo Alto venue
Lo Alto, alifornia
Tclephon : \ Hit cliff - 233

Thi ollic will enable u' to give beLt r. rvice to
our Cll tom I' in th rapidly growi.ng indu -trial ,'an
Frunei 0 Bay area.

l\fanager of the new office willI (' .lame To lIu scy,
formerly of the. taIT of the ; n ral Radio Lo Angele
() ffi('('.
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ARMSTRONG MEDAL TO MELVILLE EASTHAM

Melville Eastham (right) receives medal fram
Frank Gunther, Vice President 0' Radio En

gln.ering laborataries

The ,\rm:trong ~Iedal of the Radio
lub of .:\.m rica wa' award d to ~I 1

ville Ea'tham at th lub" 17th .\nni
ver:ary Banquet held at the (olumbia
rnj\'el"ity lub "Xe\\' York, on D 
ceml I' H, 19,:J6. The award wa. mad
'in recognition of hi· out tanding

contribution' to the art of preci. iOIl
mea 'ur !11rnt' in th radio and ler
tronic field.

"For fifty y('ar' a de:ign ngineer,
II'. Ea:tham" ffort mad availabl to

many worker' in th lectroni' art
•

r liabl t.t equipment of a 'tandard-
izeu natur wbich previ u I)' did n t
cxi"t or had to b p eially a 'embl cl
as a laboratory etup.

The Armstrong Medal

Be id hi· man' t chnical contri
bution', ~[r. Ea ,tbam wa a I ad I' in
I' ' gnizing the importance of g d m
plo I' latiow, and a.:·j ted and n
couragNI hi' a 0 iat ' in continuing
their technical ducation and in making
contributi n. to tecbni 'al lit rature.
IIi' thorough practical appr ach to
de::-iO'n problem' and hi, enlight ned
manaO' ment pra'tic ' ·bouJd b an
in.'piration to younO' I' men.

~relvill Ea. tham founded the 'en
eraJ Radio 'ompany in 1915 and \\'a' it
pI' -ident from H1l5 t 19B. L"POIl hi:;
I' til' m nt in Ia,50, the Director f th
Company voted him the tit! of Hon
orary Pre::-ident.

A ~I mb r f the Radio lub ~Ir.

Ea:tham is alo a Fellow of th In ·ti
tute of Radio ]~ngill er~ and of the
.\m riean A,,"ociati n for the .\d\'ance
mrnt of " ·ienee. He is a -;\[emb r f tbe
.\merimn 11l.'til ute of Electri 'al Engi
neer:,;, the ACOldi al . ociety of Amer
ica, the .\mcriean Physi 'al, oci ty and
the.\n1<'ri('an ~Ieteorolo"ica 1.'ociety.•

General Radio Company
•• ""0...
u~~
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G-R INSTRUMENTS

ARE

BUILT TO LAST

New Two-Year Warranty
Backs Up Well-Established Fact

,\ full t \\'o-year "'arranty - th fir:;t
in the ('I dronic ill.'trument indu 'lry
no\\' applic" to all (;eneral Radi prod
IIcts shipp('d aft('r :\Iarch 1, 19,-7. 'fhi'
\\'arran ty i. made p ssihk by th(' in
gredient.' of high quality that han' al
way.' rharaet rized CH. quipm Ilt
circuit design hat dOl':,;rd cut COI'l\ I'"~

and which provide: the extra refille
ment:-; that assul' 'tahll' and I' liabk
performan e; the u· of hilTh-qualit
components, which co.. t morl' but rc
tUI'l\ ~e\'cral time.- their cost in ('alibra
t ion accuracy and stability; l'uglTednes'
of m( chullieal construction, which a'
"llres long lif : carin manufa<:ture.
through the u:;e of skilled workmen and
modern machines; and th rough le 't
ing, to bett ('r-than-culal c( spc('ifiru
tions.

To the ello-inc I' llliing thi.. equipment
-H quality meun' add d a. manc

that hi' mea, uremrnt.· ar. orr t, b 
cau 'e h kno\\,' th C-R I' putation for
calibration' that hold th ,ir aCCllra('y

•

o\'cr the yean;. To the firm buyincJ' '-R
o •

equipment, high quality in basic mea.
uring to l' nH'all' lo\\'er ('0. t in the
IOIlCJ' run: less tim 10: for repair. and
long r 111, with full p Ijomzanc 1efor
r pial' ment i." requir d.

'Yhen you buy a (;-R product you
mak an im'e. tm n1, in la'ling value.
Our new "'arranty tag on all newl pur
chas din trument. shipped after :\Iar h
I, 19,5(, will .'erve a .. a reminder of thi..
quality.

THE G-R 2-YEAR WARRANTY

We warrant that each new instrument sold by us is free from defects in material
and workmanship and that properly used it will perform in full accordance with appli
cable specifications for a period of two years after original shipment. Any instrument
or component that is found within the two-year period not to meet these standards
after examination by our factory, district office, or authorized repair agency per
sonnel will be repaired ar, at our option, replaced without charge, except for tubes
or batteries that have given normal service.
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NEW VARIAC® HANDLES OVER l1f.i KVA
Type WSL Gives More Watts Per Pound, More Watts Per Dollar

For u e in the "line- oliage conn ('
tion,' where the usual overvoltage fca
ture is no needed, the new Type "\V5L
Variac offer outstanding performance
and outstanding economy.
• ee E:c-~rimulier for December, l05.i,

Output voltage of the T p \V5L is
equal to input line voltage, that i with
115 v It input, the output an be ad
j u ·tcd from 0 to 11.'> volt. Load draw
ing up to II ampere at lin voltage can
be handled at any output etting giving
an output rating of 1.265 kva.

This increa;,; d rating i madE' pos 'ible
by the elimination f both the overvolt
age feature and 50-cycle operati n,
which permit th u e of a larger wire
'jze for th tran -f rmer winding. ize,
weight, and moun ing dimen ion are
identical with th of the Type W~.*

For the many u e where output
voltage' high r than input line voltaae
are not I' qui red the Type \\ -1, i an
out ·tanding buy. It off r' more watts
per p und of weight and mol' watt per
dollar than any other variable auto
tran former on the mark t t day.

SPECIFICATIONS

Pril:~

$17.50
0.75

24.50

COTUO

OTGGBALLY

at or neal' input line voltage.
No-Load Loss at 60 cycles: 12 waLl
Angle of Rotation: 325 d &1' r8
No. of Turns on Winding: 235
D-C Resistance of Winding: 0.026 ohms at 20° C
Driving Torque: 10 to 20 ounce-inche .
Mounting: Without case, for panr! mounting.
Net Weight: 6].1 pound..

Code 11'ord
Variac ® Autotransformer ..•...............
Replacement Brush ....................•.....
Variac with Ball Bearings .

W5L
VB2
W5LBB

Input Voltage: 115 volts, 60 cycle; can be u pel
on lines from 105 to 125 volts, 60 c 'cle~.

Output Voltage: 0 to input line voltage; dial
calibration, 0 to 115 volt, correct at 115 volt
input.
Load Rating: 1.265 kva.
Rated Current: .5 amperes; may be drawn at
any output setting.
Maximum Currenl: 11.0 ampcr ; may be drawn

1'ype

THE DESIGN OF

CARRYING

IRON-CORED CHOKES

DIRECT CURRENT

The optimum design of inductor
with ferro-magnetic core.. having de
uperpo ed on the a-c signal ha never

been vel' ati factorily rtematiz d.
uch choke are us d, for example, a

filter chok in l' ctifi r-t pe power up
plie' 01' a' plat chokes in con tan 
current modulator. In the pa·t the
usual pro 'edure wa for each us r to
make empirical measur ment on am-
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tated that Hanna inf rmation n
able on to cal ulat qui kly th airgap
which "iJl yield th maximum induc
tance for a giv n numb I' of turn on
a gi\' n rna n ti tru tur with a tated
amount of up rp . d d at a parti 'ular
Aux den ity. 1 may thu b . n that
th CUI'V • ar u eful only to gi\'e the

ptimum d ign for a p ific tead-
tate purpo . Th y do n 'ontain th

inf rmation n ed d, for in tan t d-
ina win ing . ch k in whi h th

indu tan e alp r n f full-rat d
dir c current i t piC'ally abou fiv
tim what i i a full-rat d dil' t 'ur
I' nt. 11 01' thi purpo' n w uld u a
fan ily of urv a drib d in the
fir t paragraph.

I-lanna inS rn ati n ( f Fiaul'c 3 and
Figur f hi pap I' r pr duced here
a igul' ) i pI' n t d a a in I

urve (for a h flux d n ity) f tared
dir t- urr n n ray p r unit v lum

L12

( 1') vel' u d-c magn tizing f rc

(i\ \ Hanna indi 'a d thai airgap p r
l

uni 1 ngth f I' ptimum p rformanc
blab 1 d tran v I' mark,' on the
curv . Whit thi C' 11\' y th informa
ti n faithfully w find that IV an r ad
and in erp lat with appr iabl mar
as if a parat CUI'\' i· provid d for

pie coil', di playing th I' ult a a fam
ily of curv of inductance v I' u d-c
bia for a u c . ion of dill I' nair
gap. The mea ur m nt weI' u ually
I' p at d for a h diff rent lamination
us d. Ther wa no facile method b
which normaliz d data could b pr-

nted for a gi n rade of f 1T0-mag
n ti mat rial that i ould b impl'
u d f I' a many differ n iz and
hap of lamination a' de ir d.

Thi ituation wa' r niz d in th
arly tw nib II'. . R. IIanna f

th a t Pi burgh work of' ting-
hous El ctric and anufa tming m-
pany, and he pre 'ent d a pap r ntitl d
'D i n of Rea tan and Tran of nn-
r' , hi h any Dir t urr nt" at

th v in I' . n v ntion of th U' in
T w'York i y in Ii' bruary of 1927.'

Tbi pap r pro id d th m th d for
d riving and pI' nting uccin ly nor
malized data f th yp bing on-
ider d hr .• am IIanna- p urv'

are publi h d in F d ral T 1 phon and
Radio" Rrf l' n Data for Engin l'

but thi . i· th x ption rath I' than th
rul . Hanna ontributi n ha n v I'

l' C iv d th wide u· a to which it
ad van tag n ille i .

]i' I' C mpl t und I' tanding f th
matt I' ref r n hould be mad to
I-Ianna pap 1'. H w v r it can b

I J ournol oj th. A lEE, Fcbruar)', 1927.

Figure 1. Curves of lI' vs. NI from Hanna's paper.' (left) 4% silicon steel; (right) Hypernik.-
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H( ha\'ior of any shapc an I size I'
('01'(', with some limitations, ('an b de
rin'd from ,'uch data by tl1<' US(' of noth-,

inl!; morl' than the propcr ('on:tant.' 13 1'

lainin~ to the eore. Thc:c ('Oll.'tants ar
tl1<' \'olume of iron and th 1l'llgth of th
ma!!;llpti(' path. The lattcr is n('(' 's,lI'y
to detprmilH' till' ntlu of thc abseissa

.Y1
'1'1 f' I'-. 1<' ornH'r I: Ilecessarv \\' 1( 11 lnter-I .

LP
prt'linp; the valuc of the ordillat 1"

We ha\' fOlllld it ad\'<lnta~c HI,' to
amplify thc information gi\' n in th(
"ill~I(' cun' > on Figure 3 of Hanna':
pappI'. Whil h I'pc('ifi('d in Hl27 that
his Figur(' 3 appli d to I P I' ('('nt ..ilieon
,t('('I, this is not no\\' \'cry :p('('ilie since
a lIumber of th(' !>('lter ~radp: of P1('ctri
ntl silicon :t( ('Is 'ontain aroulld -t I I'

('('lit uf ,'ilieoll, alld so \\.(' arp 1I0t :llre
\\,11('th('1' it appli('s tu the wa 1(' of silie II

st pi oft n ('m ploy('d f I' ehokp, '. Fur
tipI', In' d not knOll' the fiux d nsity,
n, at Il'hith flanna', ('lll'\'e: \\' 1'(' tak{'11.
}w('n if W(' did, it \\'ould I n('('('ssary
to ha\'(' similar CUI'\' s at .. v ral flux
d 'nsitics to tak cal' of all d{'sip;n prob
Ipms (,IH'oullter d.

This ('om('s abollt from the fact that
til(' p rnwahility i: highl. d('p ndcnt
UI Oil the altcrllating flux dCIIHity. With
no de pl'('scnt, th perm ability folio\\':
th(' familial' c urs{'. I t starts on a pla
teau at \'('rv lo\\' flux densities at a \'alue,

,om('\\,}1('I'(' bet \\'('('11 -Wand ,jOO a, ris{':
\\'ith flux d('nsit,\' to p rhaps (j 0, and
thell fall: olT t \'E'r~' lo\\' value as
,.;aturation oe('urs. With de pres nt, th
b ha \'ior is similar, ex('('pt that the
plateau is dilll'l' nt ancl thc' p l'meal ility

of iron in
for stacking

b gin:; 0 drop ofT ,'0 ner, b causl' of thl'
d-(' poiarizil1O' flux. Th greater the ell',
the sooner th(' falling ofT ccurs.

a For n mnwrial \\ hidl is \'arioush hOO\\ n n. Hadio Tran~
former" 72" ",rade or ..\ I~I :\l-Hf: Hadio i~U1ti("fl B pUlu·h.
able JCrarl~ rather than onl' thal Illll~l be shearl"<.1.

The large CUI'\' : h re\\'ith repre;;ellt,
I' 'I-Ip(' ,tiv Iy, the empirically obtained

1.12 9 .YT
plot: of 1" and I agai n:t l' Th('

m a:men ntH werl' made using coil:
having c re,' of l-. ,'. ,', Hadio Trans
former -2" grade :ilicon :t('('I, ~ 0, :..G
l'. ,'. <raug (approximat('ly O.Oln"),
\\'hieh i: an AI. 'I 1\£- HI <Trade material.
Ovcr the pa:t ten year: th se ('UITes
havc b n used \\'i til g 0 I re'u Its for
eoib havi ng 2('-gau~e lam inat ions of
.\1. '1 :\1-1 9 material f th I'manufa('
tmer: al:o and 2~)-gauge (0.0 I.J") .\1. T
:\f-15 (.- gra Ie) material.

Tn the (xprcs:ion: u: d thrOlwhou t:
,I - ffedi\'(, eros'-s etional area f

c I' in, qual' inl'lH's.
n - max. a-c' nux dl'lIsi tv in Ii n('s

•

B - applied a-' voltag(' in voltH, rms.
f = direct CUlT nt in ampl'l'l'H.
1. = in luctanc(' in he1ll'\'s.

•

.v = numb I' (f turn:,
\. = geometric volum

euhi(' inehc' (no I' duetion
fad 01').4

.r = rcqu II(',\' ill cps.
9 = lcl1<Tth of airgap, 01' ail'lTaps, in

inches. (Hanlla ('all' this (I).
l = length of magn til; pa th in inche:.

1·'01' preparing both of th se eul'v
:heets, Hanna-type data 11'<11-1 tak n at
GO cycles \\'ith flux d('l1siti(':, B, of

, .
Ill.· .

THE ATTACHED CHARTS

t This mean that a storhin,(t fur lOT of around 96 I)('f ('('nf
for noninterlcaved laminations is iloplicit in ltie ('un"e for
indllrtance. 'tacking (ll.etof hould ho n~ no efleC't on air
~6P tun' 8. If lamination much thinner or much thicker
arc ".ro, 80 that the Btacking faClor will be I BB lhan ur
li~htly great r than 96 f)("r cent. then appropriate ('or·

r('('tion shouJd be mude to the indul'tarwe ("lIrn~s in direc't
pr portion to tile ta('kin~ rH("tor.

\'ersu, d-cngth

XI
( l ).mn~nl'tizin<r fore

airga13 13 I' unit I
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,
1

al' I l'i \'cd from

100, -00 1000, ,-000, 10,000,20,000, an I
30,000 line:lin. t .

LIt
The Cl1l'\'es sholl' t 11(' wiele :prrudI r

of indu ·tance value,' as a fun ·tion of 8.
The :pr ad \I'ould be till lI'ider if data
had been takrn f l' initial a-c permea
bility. It \\'ill b(' not d, in gen ral, Lhat
Lhe UI'Yes for hi h('l' B Ii ab v(' tho'c
for lOll' l' B. For a larg(' part I' th' di 
tan'r, th 10- and 20-kilolin curves
coincidl'. Th 3 -kiloJin curve lie,'
aho\'C' thc' t\\'o ne'r the origin, but
Rh rtly gol" below them and continue'
to ('I'O,'S th I' CUlTe of ,till lower B' "

The upll'ar I-inclined lines 1'0' 'ing
th oth'r c nile t point' bu\'illO' the

sam ~ rati ,', Th 'C lin sal' practically

'traight until 'aturation s t in. The)

holl' hat in 0- Il('ral. a o-iven Q. rati, , I

optimum even when the d-c polarizing
flux i.. incrca. ed, provided that the a-c
:ul 'rpo'cd Aux i· also incrcased.

Thc :econd ,ct r CUl,\,C' pa'Yc 9)
'ho\\'s the optimum airgap in terms

of rt, which is pccill ,) a.. a function
I

of th magnctizing I' rce (in trrm of
}{J

1 ). '1'11(' 'C t'u n'

tho"c on the pri l' ,h t through (h
riginal da a. Thcy ar upplied in thi

difl' rent form, rat her than the Iray this
information apP('ul\ on Hanna's un' ,
I' l' tw l' ason . Fir,'t, a gl' at deal I'
confu,'ion i' climinated., 'ond, the,
CUI'\'e' ar much easier to int rpolat

for ~ than ar Hanna':,Th ,am effect'

de. cribcd cone rning relative p rmea-

Ie

i, • •o{2. , ,
• ,

• ••,
a b • • .9-,
2 I 2,,

, ,
I ,

d I a ,,
I, ,

I ,
, ,

•
I,

I CI,
I,

bizI
,

, '7
,

, ,

Type 0 h b , • d

746 ~ H i 1 H 'i
745 l I I It ~ I~ I 1•
345 i { ij I I 11 2&• J

485 " ~ B 'S IE }~13--- 1(' I~ B 2j ;t, lU3(.S

685 I 'i I ~ I 21 "~~
•..

565 Ii '.I It .' 't 't••

Figure 2. Dimensions of stondard General
Radio laminations used as examplos in
this arllcle.

bili ies and the elT'ds 011 optimum air
gap of higher B' , alld of 'at Irati n can
b ,'een al.,o OIL these ('un'c. ,

Dimension' [th sev n. andard at
lamina lion ,'tructur 'ar shown in Fig
un' 2. ThC'y ar . l1"el1 i n l eX:lJnpl I' I'

u:c herC' 1c('au. th v constitute a 'criC's,

\1 hich i.. I' ughly g omeLri " Lhe volul1le'
hano-ing in ,t ps \\'hich arc roughl, 2

to ], as may 1e ,e n in Table 1, ('01
limn 2.

ft ,hOllld b olwiou: that all that
l1e('c!: to he done al ply j'his data t
any ot h r lamination is to c tabli 'h
lim n. i no' [or the :tl'u('tU1'C anal g us

to tho.' of Figure 2, dc'duf'e from them
parameter,' analogou.. tho e f Table
r and pro e d, This pl'o(, dure \Va. f 1
lo\\' d in the calculation of a modulation
('hoke, for which the' cor II' ighed al
most 100 pounds, Irith compl t :ucce. s
on the fir t trial.
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HOW TO USE CHARTS

lhe cent r-Ieg cro'S 'ection in squar
inche' n ultiplied by a . tacking factor
of 0,90, th valu s of which CA) can be
found in lh labIe, If your fir t- Yue' B
was not loa good 0'0 over any :tep in
lhe computation lhat \I'ould be affect d
by having u. ed the wrong 13 urv,

If y u ar now sati fled wi th lh
lamina iOI • ize, number of urn', I1nd
ct-(' Jwistallce u 'e the :econd chari to
det rmill(' tIl(' airgap::;, EliteI' the chart

rvf
at the appr priate -l ' go lo the proper

4.H BAr..rf .
-----' , in which t J the ar a f

JO

•'inc: both I and l ar know], N i' de
termined. Th tabl' for th :tructure
chosen will th n indicate th larg:t
wire ize that 'an be u ed, and th d-c
reitanc,

1,;nle .. the d- re 'i 'tan' i above
\I'hat can be tolerated, the de iO'n is a.ll
rifYh l. If tb d- re ,j tance i: too high,
try a Jarg r core.

check the actual val u of H to
b exp eled, u. ing the formula E =

A (in. f )

O,~3

0.37.
0.'- 10
O. I 1
1.%
1. 1
2.33

TABLE 1

Y (i1l.3) 1(in.)
OJi7 2.GO
lAG 3T
2,71 4, 1
.- .-lO .3

11.-1 .19
1 .0 9.63
29.1 I 1.00

Fir t calculat
IP
;. and find wh I'

lhi: value land: on th curve for a 13
\I'hich j' about what au gu(' ',' he a- .
flux \rill be, Yalues f r, l and for
th(' laminati ns are giv n in Table 1.

Core
-Ili

7 1.)
3-1.)
-1( ;)
36;)
G ;)
;)().)

.'uppose you wish an ir n-cored coil to
gi \'e at leasl a c rtai n indu 'Ian wi th
an a-c 'ignal of given voltag and fre
qu !1cy al pli-d, with a given polarizing
d . pre 'cnt, and having a d-c I' ::;i 'tan e
not mol' than a c rLain value. You ma'
ai' have 'am idea which lamination
:tnl tur you would like 10 usc.

L1~

If the r X 104 c n1<': ncar the top B eurve, and r('ad \'alue of ~, from which

1 IZ
f' ~\_ X 104 Oil tilth(' proper \'alue .

of thC' pi )l, thaL i , ab ve ~OO the iron
i,' being w rk d very hal' l th <1-(' rC'
si::ltanre of the coil i likely t be high
and a larger core n ay n ed to b u. (' l.
If, on th th I' hand it com n ar th
boll m ay 100 or b lo\\' lhe oppo 'i t
are tl'U ; that i:, the iron. i' und 1'

worked lh d-' r',istance will b quit
lo\\'. and a mailer '01' could p rfeclly
\\'ell b u 'ed,

Ollce y u hav Wed all th cor
YOU \\'ish to u:e, enter the first chart at,

('hOS(,11 H eun'e, thu: d
,. .Yl

eterl11l1llllg T'

9 is found immediately by multiplying
by I from lh table. '1 his gap i' the 'tun

of th gap' in th cent I' and ill all Ollt
. ide lcg. ] i\-id by tll'O to g t, the thiek
11 SH of l1oncolldurtillg ,'him to 1)(' put
into ach of th(' thrc airgap.' in a (. il.

If a 'ingl airgap in the cC'nt('J' leg iH
u,ed, thc Ollter leg: being int<'rlec v d,
the optimum airgap shoull b about 1,5
mil larger C, e "Those Iron-Cored

oil. .'-gain', Part II, G'm ral Radi
Experimenter, January 19-±7) than the 9
given b the curve,·
-
'A cent r-te~ airp;ap is not possible iu the 74.3 or .16.:> ('or('~

(wllieh are EI-shaped), .Lik wise. all 81's and "h,ny other
lamination hare are not adaptable (Q a centN-lell !lap
because of their geometric. Til ther ,R standard lami
nations arc either F'a. or double I<'::'s with slanteci shear
line. rind lend themseh-E1s to center-leg g-up .
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In till a ,how ver, the inductance
i likel to be reduced by omethin like
20 from the value indicat d b th
curve on th fir t chart. Thi em' t
be the p nalt paid for the extra tabil
it and freedom from ext rnal fi ld f
the center-leg aU'gap de i n.

T h xtra tabiti re ult from th
mutual friction of the int ricav d ut
id I g of th lamination. Thi i
uffi 'ien I r at that ome lamination
an b remov d from on ide only of

the coil in order to adju the induc-
tance to a de ir d value ",;thou havin
to lamp or bind into plac tho r
mainin . Fr edom from external fi ld i
a ma er of eometry, with the airgap
only in the center Ie of the cOli and
with the outsid leg' providin orne
magnetic 'hl lding to out ide pac .

Th r i-another advantage to u 'inO'
a cnter-I g O'ap for a rc tifier-filt r
ch k which i enea 'ed in a magnetic
can..\. vrry bother 'om problem wa'

01v d b_ thi' fau-l 'impl xp di nt
of ub tituting n e nter-l g au'gap for
thr gaps, n Ul aeh I g. I wa found
that thi chok ,at the Ulput of a ehok 
fed rectifier filter and having, c n' 
quenlly, a hi h a-c rippl mp n n
acro" it, wa' aurally very n i.y in th
1 32"-thick cold-rolled te I ca in
will h iL wa mounted. The noi wa
found to emanat from the vibratin lT

ide - of the ca -e, will h ar clo to the
lamination ,tru ·ture adjacent the end
of th ('enter I g. II other urative ex
p dient. failcd 'U h a' ighL wed ing,
re ilient padding, or illgh-t JnperaLure
treatment to fI \\' th potting ompound
into th laminati n truc ure. 'Vith
thre airgap. th a- - magn tizing force
requir d at the O'ap in th outer I 0' ,

added to that I' uir d for th iron in
the '-portion from n nd of the cen
t l' leO' out and around to th oth r
c n titute' the majority f th total.

With a ingl c nt 1'-1 " air ap, thi
ma netizing forc at th nd of th
center leg i mark dly r duc d (ay,
around 3 t 1 in a ypical in -tanC' ). It..
attractiv free for the ma n tic. id
of th a i reduced b ,th 'quar of
thi fiuur (or almo~t 10 t 1).

EXAMPLE OF A DESIGN CALCULATION

L t u tak an xample. The input
choke of a particular rectifi r filt r had
ome'uch r quiremenL a thes :

L = 1.- h nry
I = 140 ma
R = 200 ohm
cor de ired -! 3
Fir cal ulation i for tit r d enerO'y,

JJ2 15 X .l·P X I 4
X ]04 = = 53-

V 5.--19
C inu th cun'. f r B = 1000 thi O'ive

YT
a = 97 .." From thin:

1
9- ..) X 6.3

.'1 = = +±-!O
0.14

R f rrin to table of turn f r thi
lamination, thi i a full cor of X o. 2
enamel \\'ire. D- r·i -tanc i I a
ohm.

o far cvervthinO' i' all ri"ht in a --. .,
eordance with th p cification , X ow
-h ck actual B-~Iax., a. :uming a 200
\'olt iunal f 12 - Y -I r qucnc from
th full-waY rcctifi r.

·U.+B X O. -w X -1+10 X 12
200 =

10

From thi B = 10 000.
Th gu of 10 for B wa n t good.

If the CWT for B = 10,000 i' u'cd, -23

XJ
for -tared energ , corre pond to l -

,0. For till, "alue .Y = 11 turn and
R = 166 ohm..

XI
ring I of and th H = 1 000
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CLllT on Chart 2, ~ = 0.00455. Till·

m an. that g = 29 mil'. Each gap
should b half of thi, r 14.5 mil '. A
figur of 15 will b n ar enough.

The 'peC'ification' f I' th. (' ii, th re
for will be th s :

-:1:100 turn. of ~o. 29 namel d wir
WOllild on a -1 5 cor with three gap of
15 mil' each.

Actually in thi: in tan , iL wa
IICC' :sary t pre,' nL noi " sle I can

a' a I' • ult of th(' xtcrnal fi'ld of lhe
coil., to mak thi' input 'hoke with a
:ingle center-leg airO'ap. To get th(' cL.'Lta
for thi oil, an indu ·tance 20 to 250/<:
larger mu t be u ed in the calclliati n'
and L- mil added to the g given hy
th urve..

- P. K. MELROY

Thi~ In'lhod lind daLa for coil de 'ign h:w
I ell in u 'e aL G oeml Radio for several ycarH,
Th author is incleb d t~ James K. lapp,

harlE'. E. Rice, and the late Hammond H.
Bolli for the original m a.urem nt on which
Ih charl: lIr ba~d.

SHOW BUSINESS

RADIO ENGINEERING SHOW
New York Coliseum

Gcneral Radio ompany exhibi t.
arc in B oLh. 302-3306 und 2319.

March 18-21, 1957

e th Exp rimenla f I' F<,brllal'y f I'

'ompl t d tails.

The Conrad Hilton

1957 NARTB CONVENTION
Chicago April 7-11,1957

·trument . for the Jll a 'mcm nt of an
tenna' and line' harmonic mea.'Ul'ing
quipm nt ound-l \. 1 m t rand

other item of intere't to broadca'l

'harle' .\.

gain thi. year, at thc cOlwention of
(,h .. -ali lIal .\l'i. 0 iation of Rad io and
Tele\'i ion Br adca.'t r., General Radi
willi e in Bo th X . 1 wi h a di. play of
s(a lion monitor' including th new T\
mOllitor) III dltlation and cli:tortion
Jl1rtcr: lin -\' Itaer ontrol d vic :. in-

William H. Thlll':ton

•

en III er...
The 'c

di.' 'U. ' Y

ady

ngin 1" will b on hand to
ur m a 'urem nt I robl m'.

Ja 'cph E. Belcher

SOUTHWESTERN IRE CONFERENCE AND ELECTRONIC SHOW
Tho Shamrock Hilton Houston April 11-13, 1957

At (he ~ Tinth Annual, 'oulh\\'c tcm
IHE Confcrencc, wi h whi hi' c 111

bin cl th<, " cond .\nnuul imulati n

COllf r nrc, : nual Uadio produ ·t:
will I sho\\'11 in Booth X . 3, I, an 1

5. EnO'ine r. in att ndan will b :

John . Gray
• Frank J. Thoma \Villium)1. [hel('

General Radio Company
'0

N

•
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®
NEW "50" SIZE VARIACS

-TYPES W50 AND

W50H

Figure 1. The new
Type W50, largest of
the Variacs, shown
with the smallest
standard unit, Type
W2.

The old, reliable work horses of the
continuously adjustable, high-power
autotransformer field, TYPES 50A and
50B Variacs®, are being retired to a
well-earned rest after many years of
faithful and satisfactory service. To
supplant these deservedly popular mod
els, General Radio now introduces the
new TYPES W50 and W50H. Embody
ing the many advantages inherent in
the "w" design 1, the e new "50's"
deliver more watts per dollar, with
smaller size, less weight, and lower
los es than their predeces ors. Mount
ing hole dimensions and arrangement
are unchanged, for maximum inter
changeability.

Current ratings are increased. The
rated currents for the new lI5-volt
and 230-volt models are, respectively,
50 and 25 amperes, as contrasted to 40
and 20 amperes for the old models.
TYPES W50 and W50H are L-ap
proved; cased models are undergoing
examination and test for listing.

The general scheme of construction
follows that of the W-type Variacs
previously announced. l The radiator

is captive, 0 that shaft adjustments do
not upset radiator and brush setting.
The base is stamped from plate stock,
thus posse sing superior physical prop
erties to cast or die-cast construction.
The assembly is secured by a hollow
bolt, which serves as a shaft sleeve or
ball-bearing housing as requirements
dictate.

Because of the massive core and
winding tructure, the base insulator is
molded and serves to lock the coil
relative to the ba e under severe shock
conditions. The coil is cemented to this
molded insulator with a thermo-setting
plastic to improve mechanical stability
and thermal transfer from coil to base.
Coil forms are the angel-cake-pan type
previously described, which completely
enclose the core.

Unique with these units is the use of
a banked winding for such heavy wire;
the process might be more properly
described as "rod-bending" rather than

'''The Type W5 Variac-A New and Better Variable
Autotransformer," General Radio Experimenter, December,
1955, XXX. 7, pp. I-H.

. .More New Variacs.·' General Radio Experimenter, May,
1956, XXX, 12, pp. 13-15.
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Figure 2. The Type WSOM, cased model, shown
in a typical wall installation with conduit wiring.

as "winding!" The winding machine
was designed and built by General
Radio. It actually oscillates the core
during winding to force banking of the
heavy conductors, and an ingenious
servo-mechanism keeps the core rota
tion in step with the winding gear
regardless of slippage in the belt drive.

The use of multiple brushes, conse
quent upon the mgh current rating,
posed a dimensional problem - how to
accommodate the wide, single-layer
brush track, without an excessive core
diameter, on a bank wound urut. This
was solved by placing the brush track
on the outer face of the toroid. (Figure
3). This brush location allows the clos
est approach to an ideal core aspect
ratio for a given number of turns of the
required wire size in a banked winding,
for a minimum required panel space.
A copper radiator "nose" serves to
conduct both brush heat and brush

Figure 3. Close-up of the banked winding and
Duratrak commutator surface.

current to the railiator, which is painted
black on the surface away from the
Variac for maximum radiant heat dis
sipation. The new unit brush, first intro
duced on the TYPE M20 Variac,2 is used
on the W50's, the better to carry away
the heat generated by these higher
powered uruts.

The Duratrak brush track is, of
course, used on the new Type W50 and
TYPE W50H. This has not been avail
able on the older 50A and 50B types,
and it brings a new degree of reliability
to Variacs in the high-power field, a re
liability approacmng that of fixed-ratio
power transformers.

Stud terminals and screw-type pres
sure connectors on the W50 provide
maximum convenience for a variety of
conductor sizes and circuits. Screw
terminals similar to those used on the
M20 2 are provided on the W50H. The
terminal arrangement is the same as
that on the standard W-model Variacs.

A built-in protector prevents damage
to the costly winding from sustained
overloads exceeiling 160% of rating.

Adequate fuse or breaker protection
should be provided in any installation
of these Variacs to open the brush
circuit on currents appreciably in excess
of the rating. The added margin of
safety afforded by the built-in protector

, .. A. 400-Cy~le Variae with 20-Ampere Rating." General
Rad,. Erpenmenter, 31, 8; January, 1957; pp. 7-8.
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Figure 4. Terminal plate for the Type W50H, 230-volt model. The lIS-volt
model with higher current rating uses stud terminals and screw-type pres
lure connectors.

SINGLE UNITS

Figure 5. Close-up
of the brush assem
bly and connectors.

Line- Voltage Overvoltage I
"..-...... Connection Connection
c)'" - - I'9-d ;:; ;:;... ... -~i3' - - -e

;:;'" eo ~ <::>-[(l ....
00...-../ O~ - -~ - - 0 .... "eo- 1l~ R~

. ;:; .,
R~ ;:;eo

1l~ t=];:;~ H ...... ...-...- "d1O -- <:l - 10 -~ -- "d1O -;:;
Codel;e0 ;:;0

~<5~ <5~
;:30 "0

Type Mounting ..... ~ >l:;~ O~ o~ >l:;~ ~~ Word Price
W50 Without 115 50 0-115 50 5.75 0-135 50 50 GATAL $120.00

case
W50M Cased 115 40 0-115 45 5.18 0-135 40 57 GATER 145.00-
W50H Without 230 25 0-230 32.5 7.5 0-270 25 53 NITAL 120.00

case
Cased 230 20 0-230 31 7.13 0-270

,
W50HM 20 60 NITER 145.00

115 0-270 10
VBT-6 Replacement brush set for W50, U;

W50M 5.00
VBT-7 Replacement brush set for U;

W50H, W50HM 5.00

is available when, through negligence or
accident, normal protective devices are
not operating.

The TYPE W50 and TYPE W50H, as
with other W-model Variacs, are avail
able singly or in gangs, for manual or
motor-driven operation, open or cased,
with or without ball bearings.

We feel that the TYPE W50 and TYPE
W50H Variacs with their increased out
put, lowered cost, weight, size, and
losses will prove to be worthy suc
cessors to the TYPES 50A and 50B that
they replace.

Figure 6. Cover of the M-type unit is
easily removable.

•
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Figure 7. Dimensions of single units, with and without case.

SPECIFICATIONS

Core Lass at 60 cycles, all models:
Driving Torque, all models:
Turns on Winding:

W50, W50M
W50H, W50HM

Angle of Rotation:

50 watts
200-400 oz.-in.

190
298
320·

D-C Resistance of Winding:
W50, W50M 0.075 ohm
W50H, W50HM 0.3 ohm

Dial Calibratio:n: Reversible dial, line-voltage
scale on one side, overvoltage on reverse side;
accurate with rated input voltage applied.

GANGED UNITS

Ganged assemblies of TYPE W50
Variac are used in parallel or in series
on single-phase lines and in open delta
or wye configurations on three-phase
lines. The table on page 7 indicates the

ratings of the various combinations.
Dial plates for gangs have scales
marked 0-10. TYPES 50Pl and 50P2
chokes to limit circulating currents are
recommended for parallel operation.

Figure 8. (below) Two-gang assembly.
(right) Three-gang assembly with case.
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RATINGS FOR GANGED UNITS
SINGLE PHASE CIRCUITS

APRIL, 1957

Max. Rated
Input O'lttput Output Output 0YJA:t

Type Volts Volts Amperes Amperes K At Connection Chokes Required
W50G2 115 0-115 100 100 11.5 Parallel One Type 50-PI

0-135 100
•

W50G2M 115 0-115 90 80 10.4 Parallel One Type 50-PI
0-135 80

W50G3 115 0-115 150 150 17.25 Parallel One Type 50-PI
0-135 150 One Type 50-P2

W50G3M 115 0-115 135 120 15.5 Parallel One Type 50-PI
0-135 120 One Type 50-P2

W50HG2 230 0-230 65 50 15 Parallel One Type 50-PI
0-270 50

W50HG2M 230 0-230 62 40 14.3 Parallel One Type 50-PI
0-270 40

W50HG3 230 0-230 97.5 75 22.5 Parallel One Type 50-PI
0-270 75 One Type 50-P2

W50HG3M 230 0-230 93 60 21.4 Parallel One Type 50-PI
0-270 60 One Type 50-P2

W50HG2 460 0--460 32.5 25 15 Series *
0-540 25

W50HG2M 460 0--460 31 20 14.3 Series *
0-540 20

THREE-PHASE CIRCUITS

W50G2 115 0-115 50 50 10 Open
W50G2M 115 0-115 45 40 9 Delta
W50G3 230 0-230 50 50 20 Wye
W50G3M 230 0-230 45 40 18
W50HG2 230 0-230 32.5 25 13 Open
W50HG2M 230 0-230 31 20 12.3 Delta
W50HG3 460 0--460 32.5 25 26 Wye
W50HG3M 460 0-460 31 20 24.6

• Does not permit common connection between line and load. Load must not be grounded.
t No KVA rating is given for overvoltage connection. Output KVA is determined by the product of line voltage and
maximum current for the line-voltage connection.

Net
Weight

Type Description Pounds Code Word Price
W50G2 Two-Gong W50, without case 103 GATALGANDU $260.00

W50G2M Two-Gong W50, with case 115Yz GATALBONDU 310.00-
W50G3 Three-Gong W50 without case 158 GATALGANTY 385.00

W50G3M Three-Gong W50 with case 173Yz GATALBONTY 440.00

W50HG2 Two-GangW50H, without case 109 NITALGANDU 260.00

W50HG2M Two-Gong W50H, with case 121Yz NITALBONDU 310.00

W50HG3 Three-Gong W50H, without case 167 NITALGANTY 385.00

W50HG3M Three-Gong W50H, with case 182Yz NITALBONTY 440.00

Dial plates on gonged units read 0 to 10
Driving torque: Two-gong, 400-800 oz.-in.

Three-gong, 600-1200 oz. in.

CHOKES

Type
50·PI

50-P2

For operation of two units in parallel

Used with 50-PI for operation of three units in parallel

Code Word
PARALLCHOK

TRIPLECHOK

Price
$14.00

14.00
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BALL BEARINGS

Every TYPE W50 Variac assembly
(single or ganged) can be furnished with
ball bearings, which reduce the required
driving torque. Surcharge for ball bear-
•mgs:

Single Unit. . . . . . . ... .. $15.00
2-Gang. . . . . . . . . . . . . . . . 20.00
3-Gang. . . . . . . . . . . . . . . . 25.00

When ordering, add suffix BB to type
number.

MOTOR DRIVE

Motor drives are available for TYPE

W50 Variacs, as shown in the table on
page 9. All models include motor capaci-

tor and adj ustable-position micro
switches to limit the arc of traverse to
any desired portion of the winding. All

12~
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Figure 9. Dimensions of ganged assemblies, without case.
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* In lots of 5 or more. For Quantities less than 5, there is a setup cbarge
of 12.00, prorated over the number of units. (1-4).

Figure 11. View of motor-driven unit,
without case; Type W50DI6CK.

4 "Motor Drives for W-Series Variacs", Gen
era/ Radio Experimenter, 31, 3; August, 1956,
pp. 1-4.

• It is not necessary to add BB to the type
number when the Variac is ordered with
motor drive.

Basic Variac Type
!30 VOILS
3·gang assembly
Motor driven with ball beArings

MOlor capacitor
Mlcroswnc:hes
C...I

K M
I I

PRICES *
TRAVERSE TIME IN SECONDS

motor-driven models are equipped with
ball bearings. 3 Type numbers are made
up on the following basis, as explained
in a previou article.4

-GILBERT MILEY

VARIAC Add for
Type 16 32 64 128 case

W50 $260.00 260.00 260.00 260.00 $55.00

W50G2 390.00 390.00 390.00 60.00

W50G3 520.00 520.00 520.00 65.00

W50H 260.00 260.00 260.00 260.00 55.00

W50HG2 390.00 390.00 390.00 60.00

W50HG3 520.00 520.00 520.00 65.00

I
r~~~~Basic Variac (liS \lolls)

MOlor dnven with ball bearings
16 second lraverse

~ Motor capacitorI I Mlcro5witchell

Wso 0 16 C K

"'50 H G3 0 32 C

THE SOUND-SURVEY METER AS A TRANSFER
STANDARD

To assure uniformity and compliance
with ensitivity pecifications, hearing
aids are given an over-all acoustical
check. At Otarion, Inc., of Dobbs
Ferry, New York, manufacturers of
hearing aids, these devices are tested by
standard methods using an artificial
voice and an artificial ear.

The test tand shown in Figure 1 is
an example of this technique as used to
test the Listener® hearing aid, which
is an eyeglass type and the first such
unit to be produced commercially. The
artificial voice, which consists of a
small speaker in a box lined with
sound-absorbing material, i hown at

the top, with the bow containing the
microphone of the hearing aid inserted
through the opening and resting in the
test position. The receiver, which is
in the other eyeglass bow, is coupled
acoustically by means of a small trans
parent tube, to a standard 2-cc cavity.

In this apparatus, the sound-pres
sure in the box is calibrated originally
against the laboratory standard, a
Kellog condenser microphone. Since
the calibration equipment is cumber-
orne, and also becau e it is desirable

to avoid excessive u e of the standard
microphone, the General Radio ound

urvey Meter i used as a tran fer
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Figure 1. Test stand for the Listener® hearing aid.

standard. An opening at the base of the
artificial voice makes possible the in
sertion of either the Sound-Survey
Meter or the standard condenser micro
phone to measure the sound-pressure
level. As shown in Figure 2, thi pro
cedure involves no cumbersome equip
ment and can be accompli hed quickly
and ea ily. Thus periodic check with
thi imple and convenient device will
indicate immediately any change in
level that ha occurred in the interval

Figure 2. Sound-Survey Meter in position to
measure sound level.

between calibrations with the labora
tory standard and also any differences
that may exi t between various test
positions.

Otarion, Inc., also finds the ound
Survey Meter useful for routine checks
of audiometer calibration.

We are indebted to Mr. William H. Green
baum, Vice President and Director of Engineer
ing at Otarion, Inc., for the information in the
above article.

DOUBLE PULSES WITH THE TYPE 1391-A

PULSE, SWEEP, AND TIME DELAY GENERATOR

Many inquiries have prompted in
vestigation of methods of producing
double pulses with the TYPE 1391-A
Pulse, Sweep, and Time-Delay Gen
erator. This article will present two
pos ible methods. In the first method,
each pulse of the pair ha the same
duration, and the interval between
pulses is set by the delay control. In
the second method, durations of the
fir t and second pulses and the inter-

pulse interval are all independently
variable.

In the first method, two sweeps and
their associated pulses are produced,
the first timed by the direct synchroniz
ing pulse, and the second by the de
layed synchronizing pulse. Thus, basic
ally, the inter-pul e interval is the
DELAY setting (1 J.lsec to 1 sec), and the
duration of each pul e of the pair is that
indicated by the etting of the PUJJSE
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Figure 1. First Method. Equal pulse duration, ad
justable time interval.

Figure 2. Second Method. Delay circuits set first
pulse duration; sweep sets inter-pulse delay and
second pulse duration.

is desired, only 0.05 second delay is
available, etc.)

No internal modification of the in
strument is needed to produce this
double pulse. The direct and delayed
synchronizing pulses are used to start
and stop the first pulse, while the sweep,
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Double Pulse
Second Method
12-l'sec sweep
lst pulse 10 I'sec
Delay 5 I'sec
2nd pulse 2.5 I'sec

Figure 3b.
Showing minimum
duration of push
pull output pulses
and interpulse
delay; method 2.

Figure 30.
Double Pulse
First Method
12-l'sec sweep
25-l'sec delay
8-l'sec pulse
PRF-l0 kc

PULSE

SWEEP

MSTART~

CHANNEL
"STOPM
CHANNEL

SWEEP

PRF DRIVE

DIRECT
SYNCH.

DELAY

DELAY
$YNCH.

DIRECT
SYNCH.

DELAY

DELAYED
SYNCH.

PRF DRIVE

PULSE

DURATION control (see Figure 1). Since
the minimum sweep duration is 3 !J.sec,
and 1-to-2 !J.sec recovery time should
be allowed, the actual minimum pulse
delay is 4 to 5 microseconds. Note also
that the pulse-delay interval produces
and registers a delay between the direct
synchronizing pulse and the first pulse
of the pair. This procedure, according
to the instrument specifications and the
comments of this paragraph, yield the
following possible ranges: duration of
each pulse of pair, 0.05 !J.sec to 0.1 sec;
interpulse interval, 5 !J.sec to 1 sec; de
lay from direct synchronizing pulse to
first pulse of pair, 0.25 !J.sec to 0.1 sec.

This double pulse is obtained by con
nection of the DIRECT SYNC post to the
POS. COINCIDENCE DRIVE post through
a 3.3 kilohm resistor. The direct syn
chronizing pulse is large enough to
produce an output from the delay syn
chronizing circuits under these circum
stances, and, with the SWEEP TRIGGER

switch in DELAYED position, the two
sweeps of Figure 1 are produced.

The second method will produce a
pulse pair of completely independent
duration and interpulse interval. The
time relationships are shown in Figure
2. The duration of the first pulse is that
set by the DELAY control. The interval
between pulses is that set by the PULSE

DELAY control, and the duration of the
second pulse is that set by the PULSE

DURATION control. Thus we have, from
the catalog specifications for the instru
ment the following figures:

(1) First pulse duration, 1 !J.sec to
1 sec.

(2) Interpulse delay, 0.25 !J.sec to 0.1
sec.

(3) Second pulse duration, 0.05 !J.sec
to 0.1 sec.
(Note that at maximum sweep dura
tion, interpulse delay and pulse dura
tion must be traded. If a 0.05-sec. pulse
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IKn 22Kn

Figure 4. Network and connections lor producing a double pulse by the second method.

tart d with the WEEP TRTGGER witch
in the DELAYED po ition, produce in
terpul e delay nd time the econd
pul e. The circuit ""hich uperimpo
the direct and delayed ynchronizing
pul e on th internaU produc d tart
and top pul e i hown in Figure 4.
The e n tworks are conn cted between
the DIRECT Y.·C and TART and the

DELAYED YNC and TOP, binding pt.
Th n the 'EEP TART toggl witch is

t to DEL YED and the P LEO R E

DRIYL'G F x TIO wit h i et mid
way between the L""ER. 'AL and EX

TEIL"AL po 'tion . Thi witch will per
Init the internall produced tiIning
pul e and the xt rnally produc d
pul e to be add d tog th r.

- • • RANK

COMING SHOWS

In the month of ::\Iay eneral Radio equipm nt will be on display at three
technical apparatu how. We hope to e you at the eneral Radio booth.

SEVENTH ANNUAL RESEARCH EQUIPMENT EXHIBIT
AND APPARATUS SYMPOSIUM

National Inslilutes af Health Bethesda, Maryland Booth 80 May 13-16, 1957

NATIONAL CONFERENCE ON AERONAUTICAL ELECTRONICS
Dayto n Biltmore Hotel Dayton, Ohio Booths 28 and 29 May 13-15, 1957

ACOUSTICAL SOCIETY OF AMERICA
Barbizan Plaza Hotel New York Booth 2 May 23-25, 1957

General Radio Company
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THE MEASUREMENT OF CABLE
CHARACTERISTICS

Coaxial cables play an important
role in today's electronic world. They
are yital elements in telnision. radio
communication, radar, blind landing
de\'ices, and practically e\'cry other
electronic device employing hitrh fre
quencies. The electrical characteri:,;tics
of the cables used in these applications
must meet very rigid specifications, 1

and the problem of accurately measur
ing the characteristics is important to
the cable designer to enable him to
check his designs, to the cable manu
facturer to inspect the cable bein fr pro
duced, and to the cable user to make it
possible for him to determine accurately
the propertie' of the cable' with which
he is \\'orking.

In addi tion to coaxial cables there
are se\'eral dual-coaxial and shielded
twin-conductor types in fairly common
use, and the television industry uses
large amounts of unshielded t\\'in-con
ductor cables, The problem i to select
test eqllipment that \\'ill do the job
simply, \\'ith good accuracy, and at rea
sonable co t. General Radio Company
manufacture equipment which meets
all these requirements, and this series
of articles ",ill discuss how it can be
used to measure attenuation, charac
teristic impedance, velocity of propaga
tion, capacitance, and other character
istics,

BASIC CABLE CHARACTERISTICS

Conwntional tran mission line theory
start:; \\'ith the line parameters of "hunt
capacitance (C) and conductance (G)
bell.ceen the conductors, and series in
ductance (L) and re 'istance (R) of the
conductors. 'Ya\,e equations deri\'ed
from the thCOl'V and \\'orked into a

"
con\'enient form contain three coeffi-
cients that arc combinations of these
foul' parameters, namely: characteristic

impedance: Zo = 103 ~ ~ ohms,

I · f ' IOU)
ve oelty 0 propafrabon: v = . r;;-;;, per-

vLC
cent of velocity of light in free space,

attenuation: Ct = -13-1,3 (GZ o + R )
Zo

decibels per hundred feet2,

The'e three coefficients, Zo, v, and Ct,

are most directh' useful for calculations•

in transmission-line applica ions, and
capacitance (C) is also useful in 10\\'

frequency application. and is often
needed for the detf>rmination of Zo,
which is not always con \'enient to meas
ure directly. Consequently, the cable
characteristics most frequently used are
Zo, Ct, and C, \\'ith v seldom listed,

'.roint Army-:"ia\'y Specification_, ;\IIL-C'-17B. dated
Sept, 7, 1955. "C'ablcs, Coaxial and Twin-Conductor for
Hadio Frequency."
2 fn these equations the unit arc as follows: C in ,u.uf/ft."
G in mhos/ft.; L in J.lh/ft.; and II in ohms/ft. Also, it i~
assulIled that the cable loss s arc 8111all.

• This paper, which will be published in several parts, is a revision of an earlier
paper by Mr, Thurston that has been available in pamphlet form. Later installments
will cover the equipment and procedures used in measuring the significant cable

characteristics. When the series is complete, reprints will be available. - Editor
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-INNER CONClJCTOR

/0 ER CONQl.K;TOR

~~_OIELECTRIC

penetration in metal is large compared
to the conductor dimensions, and the
current is practically uniformly dis
tributed o\,er the conductor cross sec
tions, as ShO\\'l1 by the shaded areas
of Figure 2. Magnetic flux, the amoun t
of ,,,hich per unit current determine
the inductance, exists around the cur
rent, as indicated by the arrows, and
some of this Rux is \\"ithin the conduc
tors, mal-cing inductance a maximum.

At yery high frectuencies, the depth
of penetration is negligibly small com
pared to the cable dimensions, so the
curren t is crO\rded into the very shallow
paths indicated by the black circles in
Figure 2. 'Vith the same current flo'''
ing, the amount of flux tcithin the con
ductors themselves is negligible, yet the
flux between the conductor.' (in the di
electric) is unchanged; so the induct
ance is less than at low frequencies. K 0

further appreciable reduction in flux
can occur; thus the inductance is again
practically constant and remains so.

The total change of inductance in
non-magnetic conductors is readily cal
culated from conductor dimenions and, ,
for example, is about 20 per cent for
50-ohm polyethylene-dielectric cables.
The frequency range in which the
change occurs and the shape of the

Figure 1. Variation of inductance with frequency
(arbitrary units),

Figure 2. Current distribution in coaxial transmis
sion line.

3V in per cent = 101,600
(2. in ohms) (C in I'I'f/ft.)

• G" 2,!fCD, in which f is the frequcncy and D is the
diSSipatIOn factor.

probably because it is less frequently
used and can, if needed, be found from
its simple relation to Zo and C.3 It is
important to consider the frequency
behayior of these characteristics since,
this factor greatly inRuences the choice
of measurement methods.

Frequency Behaviar of C, G, L, and R

In cables intended for high-frequency
use, the insulating material is generally
pol~'ethylene, TeRon, or a combination
of one of these materials and air. In any
case, the dielectric constant and dissi
pation factor are essentially constant
from audio frequencies to microwave
frequencies, a great convenience. Thus,
the capacitance (C) is constant, and the
conductance (0) is directly proportional
to frequency.4 (Other types of cables, in
particular those with rubber-type insu
lation used at lower frequencies or for
high attenuation at high frequencies,
are not con 'idered in the simplified
presentation of this section. Their ca
pacitance is not constant, '0 their
frequency behavior is more compli
cated.)

The behavior of inductance (L),
shO\\'I1 in Figure 1, is in[-I uenced by skin
effect, ,rhereby current penetration
into a conductor is effectively limited
to a depth that decreases as the fre
quency is raised. At very low frequen
cies the effective depth of current

"'.....

I , •

2

I

7

5

6

B

o
I 10 10 10 10 10' .10' 10' 10' 10' IO~ 10" 10"

FREOUENCY
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Figure 30. (above) Variation of characteristic im
pedance with frequency (arbitrary units).

FREQUENCY

Figure 3b. (above) Variation of velocity of propa
gation with frequency (arbitrary units).
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varie as \/~; ince C is independ

ent of frequency, Zo "aries as VI.
Therefore, the frequency characteri tic
of Zo, hown in Figure 3a, is very sim
ilar to that of L (Figure I) excrpt that
lhe total pC'I'eentagc ehange of Zo
between low frequC'ncies and high fre
quencie.- is about half the perecntage
change of L. The change in Zo is nor-

Variation in IO, v, and a with Frequency '0

~ 10

10

I

The charaeteri tie impedance, Zo, 10

I 10 10' 10 10' 10 10 '0 10' 10· to LO I 10"

fREQUENCY

curve in this region are dependent upon
the size of the cable (the change starts
at lo\\'er frequencie in larger cables)
and upon the \\'ay the conductor' are
made. Skin effect is retarded in stranded
cond uctors as com pared to solid con
ductors, even though the individual
strands are not supposed to be insulated
from one another. and thi' fact makes
it extremely difficult to calculate the

•

practical frequency limit.- of the region
of inductance change. Furthermore,
normal mechanical \'ariation.-, and po 
. ibly electrical inter-strand contact
variations, in the cable Ii mi t the accu
racy with \\'hich the inductance curve Zo 4

can I e mea.-ured. Clearly, the curves
of Figure ] and 3 are idealized. For
example, if TYPE RG-8/r cable had
solid conductors, the upper limit 5 of
the inductance change region would be
about 9 ]\1c. ReCall.'e of the stranding
of the conductors, the upper limit is
higher, po'sibly 15 or 20 ~1c.

The beha\'ior of resistance (R) is
determined by skin effect. As the depth
of current penetration is reduced, R
increases and becomes approximately I 5

proportional to the square root of fre- V' 4

quency when 'kin depth becomes very 3

small compared to conductor dimen- 2

ion. The type, thickness, and quality
of plating u ed on the conductor al 0

infiuences the high-frequency resist
ance, and at extremely high frequen
cies, a phenomenon called "braid
effect" can make attenuation abnor
mally high.

10

Figure 3c. (right) Simplified version of the varia- '0'
tion of attenuation with frequency (arbitrary units),

• VrCfluency at which the inductance is within 1% of the 10
final, high-frequency ,"alue.
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mally complete at frequencies suffi
ciently low so that only the final,
high-frequency yalue need be consid
ered or listed. HOI\,e\'er, special sit
uations arise in II'hich it must be
considered. As an example, it may be
con yen ien t for a ca ble man ufacturer
to make the test of ehal'atteristic im
pedance at a frequency of ] Me. In
l1G-8/l" cable, at this frE'C[uency, the
characteristic impedance is -J- pel' cent
higher than the high-fl'eq uency value
of 50 ohms. The target value at 1 Mc
is therefore 52 ohms.

The \'Clocity of propagation, v, is

. I J d .proportlOna to VLC ,an so vanes as

the reciprocal of the VL, C being con
stant. The frequency characteristic of
v, shown in Figure 3b, is therefore
the I'eci procal of that of Z 0, shown in
Figul'E' 3a.

The attenuation constant, a, is made
up of two components, one propor
tional to R and the other proportional
to G. The R component usually dorru-

nates at lower frequencies and varies
as the square root of frequency when
current penetration is small compared
to conductor dimensions. The G com
ponent becomes relatively more im
portant at higher frequencies and i::;
directly proportional to frequency. The
slope of a yersus frequency when
plotted on log-log graph paper is Yz
if R dominates, 1 if G dominate::;, and
between l ..S and 1 if neither one is. -
negligible. A greatly simplified high-
frequency attenuation characteristic is
showl1 in Figure 3c; more complicated
curves would generally be obtai ned
because of the effects of stranding,
braiding, dielectric impurities, and other
departures from idealized theory. Xor
mally, for production testing purposes
it is sufficient to measure a at a single
frequency in the general range of nor
mal use, but if an arcmate value is
required at some other frequency, it is
necessary to make a measurement at
that frequency. - W. R. THURSTON

(to be continued)

STANDARD INDUCTORS-A STABILITY

RECORD

When the Type 1482 Standard Induc
tors \I'ere first introduced in ] 952,* it
\I'as expected that they I\'ould prove to
be more stable and reliable than their
long-time predecessors, the TYPE 106
Series. An interval of oyer foul' years
has nOlI' demonstrated the validity of
this prediction and shmm a gratifyingly
high stability, \"hich is attributable
chiefly to fom important featmes:

1. These inductors are wound on
solid ceramic, inherently stable toroidal
cores.

'Horatio W. Lamson. "A New Series of Standard Induc
tors." General Radio Experimenter, November, 1952.

2. They are subjccted to an aging
process to relieve winding strains and
stabilize the winding prior to final
cali bration.

3. Packed in granulated cork, these
toroidal units have essentially a floating
support free from any localized points
of strain.

4. An effective hermetic sealing elim
inates variation in inductance due to
ambient humidi ty.

1'\\'0 complete sets of these inductors,
constructed in the summer of 1952, are
kept to sen'e as om primary standards
of inductance, in terms of which all of
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our production units are given their
final calibration for our certificate data.
One of these sets has been sent to the
1\"ational Bureau of Standards for cali
bration on three separate occasions,
namely, in September, 1932, July, 1955,
and January, 1957. This means that, in
addition to 4>1 years of extensive lab
oratory use, these inductors have
endured three round trips between
Cambridge and Wa hington.

The Bureau's certified yalues of elf
inductance at 100 cycles offer convinc
ing proof of the stability of these units.
The following table shows the differ
ences between certified values on the
three measurement dates, a well as the
net overall shift since the first measure
ment. These data are giyen \\'jth more
ignificant figures than correspond to

the tolerance limits, ± 0.03%, to which
the Bureau certifies absolute inductance.

In the table, all increments are given
in parts per million. The third column
indicates the assumed precifiion of the
Bureau's measurement, based on a
tolerance of ± 1 in the last digit. The

last column gives the accuracy to which
the Bureau certification was given.

It will be noted that, for the most
part, the indicated shifts are random
in character and do not greatly exceed
the resolution of the Bureau measure
ments. There is a moderate preponder
ance of positive shifts, increase of in
ductance. Only the 2h, 1h, and 200 j.Lh
units sho\\'ed a progressive uni-direc-

'l'olemllce of

Indicated Shifts in [ndnctance
Bureau of

Precision of Standards•

Bnreau of Sept. 1952 July 1955 Sept. 19M3 Certification
Standards to to to of Absolnte

TlI1'e Inducla nce .1/ eaSI/I'elllents hdy 1955 Jan. 1957 Jan. 1.957 Inductance
1482 T 10 h ± 10 - 10 0 - 10 ± 300
1482 R 5h ± :LO 0 + 40 + -10 ± ~OO

1482 Q 2h ±5 + 50 + 25 + 75 ± 300
1482 P lh ± 10 + 20 +20 + 40 ± 300
1482 N 500 mh ± 20 0 + 60 + 60 ± :300
1482 M 200 mh ±5 - 50 + 10 - 40 ± :300
1482 l 100 mh ± 10 - 50 + 50 0 ± :300
1482 K 50 mh ± :20 - 20 + 20 0 ± 300
1482 J 20 mh ±5 0 - 30 - 30 ± :300
1482 H 10 mh ± 10 - 20 + -10 + 20 ± :300
1482 G 5 mh ± :LO + 100 0 + 100 ± 300
1482 F 2mh ±5 0 + 20 + 20 ± :300
1482 E I mh ±1O 0 0 0 ± 300
1482 D 500 !Lh ± :20 - 100 + 180 + 80 ± 500
1482 C 200 !Lh ± 50 + 200 + 50 + 250 ± 500
14828 100 !Lh ± 100 + 800 - 500 + ~OO ± 1000

Arithmetic Average (Omitting :WO !Lh, 100 !Lh)
Algebmic Mean (Omitting :200 !Lh, 100 !Lh)

37
+ 27
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tional ·hift. With the xc ption of til
two f:imaU .'t inductor.' (:..00 j.lh and 100
ph) th 0\' rail 'hift.' a \-cragNI only 37
and neYcr cxceed d 100 part.' p r mil
lion whi h i 0,01 P I' C nL It mayor
may not be »ignificant that th unit
valued inductor' ayeraged ddinclly
1 "in o\'{~rall 'hift, 14 parL' p I' million,
In all ca~c' th o\'er-all (4.3 year) ..:hift '
indicated bv th Bureall data WC'I'C \\'ell

•

within thc limit to which the Bureau
certified the \'alue of inductancc.

The inductor.' were ,'tabiliz d in a
con,'tant temperature room for 0\' I' .f
hour' prior to measuremen l. ?II a 'UI'C

menls of d-c resistan 'C .,h II' cl tlw .'ta
bilized tempcrature.· for the thrc
oceasioll.' to be I\'ithin on degre "
Tlw t n pcratur. co ffici nt of induct
ance, abou + 30 106

, is of the 'a me
ord I' a, th preci ion of the Bureau
data,

The a\'erag ~hift, omitting the tll'O
mallest inductors. i: of the sanlC' order

a. that whie-h 1I'0uid bc produccd I y a
one-d I' change in t mperature.

W belie\' that th foregoin er gi\' ,
a con\'incing proof of the hierh degre'
of ,tahilitv exhibited I y thi.' set of iII-, ,

due-tors, Our regular pI' duction 1'''1'1';

1-1 :2 uni ts sh \1' a com parabl' delTre
of :tabilit\', This ha-; len demon-

•

'trated Oll numerou. ccasions \\"h n
ome of ur customer.' ha \'1' returned
h ir inductor to u' for reculibratioll

in accordanc with their oll'n p riodi .
I' quirementR

I uch stable and accurately calil rated
inductor: can 1)(' llsed lI'ith compi te
confIdence ill all standardi7.ing labora
tori: and for the ('nlibration f alltyp s
of indu<'tor.' and bridge" a' i, done in
our wn laboratorie~.

- lIoR.\TI ". LUI

AN ENGINEER'S COMPANY

If YOU kno,,· an enerin criner ,tud nt
•

or recent graduat who might be inter-
·t d in ithe1' dc\' lopm 'nt or . ale
ngin erin er in the electronic in ·tru

mentation field, ,,'e'd lik to u nd him
a copy of our new bookl L l.\.n Elleri
n e1' Company.' J llSt 'cnd your I' 

quest \yith the man" nam and ad
dres , to:

JR. JOHN D. Q A KENB S

at our Cambridg ffice

• 111 En Il{cn unl1l.au
........... "' ...... P .... "".

General Radio Company
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THE MEASUREMENT OF CABLE CHARACTERISTICS (Part II)

MEASUREMENT OF A TTENUATION (ex) OF COAXIAL CABLES
AT 400 MC AND 3000 MC

Military pecifications (MIL-C-17B)
require that for quality control the at
tenuation of all high-frequency cables be
measured at 400 Me and, in most cases,
al 0 at 3000 Me. Low-frequency cables
are usually measured at 1 Me. For both
the 400-Mc and 3000-Mc measurements
the insertion-loss method is recommend
ed. This method can be used for all
cable types. The insertion-loss method
and its practical application using com
mercially available equipment are de
scribed in detail below.

METHOD OF MEASUREMENT

The measuring setup consists of a
constant-output signal source, a cable
sample to be measured, and a hetero
dyne-type detector having a step at
tenuator and an indicating meter that
are accurately calibrated in decibel.
The signal ource and the detector are
made up of the components shown \\'ith
in the dashed boxes of Figure 4. Change
in ignal level into the detector are di
rectly mea ured in terms of the corre
sponding changes in attenuator setting
and meter reading.

To make a measurement, the signal
source is first connected to the detector,
the detector (attenuator plus meter)
reading is noted; then the cable sample
is inserted between the signal source and
the detector, and the new detector read
ing is noted. The in ertion lo's of the
sample in decibel equals the difference
between the two detector readinrrs.

The insertion loss measured as above
is made up of the attenuation loss of the
cable sample (which is the quantity to be
determined) plus any reflection losses

that may occur at the junctions between
the signal source, cable, and detector.
Pad are u ed at the signal source output
and detector input, and if the impedance
of the cable ample matches the im
pedance of the pad , the reflection losses
are zero, and measured insertion loss
equals attenuation 10 of the sample. If
the impedance of the cable sample does
not match the impedance of the pads,
then at each junction a reflection loss
occurs, and their combined value is sub
tracted from measured insertion loss to
obtain attenuation loss of the sample. A
discussion of the nature of reflection
losses and how to determine them will be
found later in this paper.

DETAILS OF EQUIPMENT6

Signal Source: The signal source con
sists of a Unit 0 cillator (TYPE l208-B
for -l00 Me or TYPE l220-A2 for 3000

1c), a TYPE l20l-A nit Regulated
Pmyer Supply, a TYPE 87-l-GlO 10-db
Pad next to the 0 cillator, and a second
lO-db pad next to the cable sample (see
paragraph after next). At 400 Me the
use of a TYPE 874-F500 500-Mc Low
Pass Filter i recommended.
Detector: The heterodyne-type detector
consists of a 20-db input pad (see next
paragraph), a crystal mixer (TYPE 874
MR Mixer Rectifier), a local oscillator
(TYPE l209-B Unit 0 cillator), and a
30-Mc i-f amplifier with step attenuator
and meter, both accurately calibrated
(TYPE l2l6-A Unit I-F Amplifier). The
mixer combines the signal input and the

6 General Radio equipment required is Iisted briefly at
the end of this article. For detailed specifications, see
G. R. catalog, or write for them.
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local-oscillator output (set to the proper
frequency) to produce a beat at 30 Mc,
which is amplified and measured by the
i-f amplifier. With adequate level sup
plied by the local oscillator to the mixer,
the amplitude of the 30-Mc beat is pro
pOl'tional to the signal input level, so
that attenuation measW'ements can be
made very accurately by means of the
calibrated attenuator and meter in the
i-f amplifier.
Pads: The type of pad u ed at the signal
source output and detector input de
pends on frequency and on cable im
pedance. At 400 Mc for all cables up to
100-ohm impedance and at 3000 Mc for
50-ohm cables, TYPE 874-G10 lO-db
Pads are most conveniently used. At 400
Mc for cables above 100-ohm impedance
and at 3000 Mc for cable impedances
other than 50 ohms, use appropriate
length (0 as to obtain approximately

7For example, TYPE H-C can be fitted to RG numbers
5, 6, 21, 126. an 1 143; TYPE 74-C8 and 74-C9 can
interchangeably be fitted to HG nnmbers 8 tbrough 13,
63, 79, 114, 115, 14-1, and 14.6; TYPE 874-C58 can be
fitted to HG numbers 22, 55, 5 ,111,122, 141, and 142;
and TYPE 874-C62 ('an be fitted to RG numbers 59, 62,
and 140. Other combinations can probably be improvised.
In many of these cases the fit to the cable will not be
excellent rnechanicallYt but it will be satisfactory as a
temporary method of connection for measurement
purposes. In installing these connectors, the rubber cable
guard can be omitted. the armor of arn10red cables must
be cut back, and the outer braid of double-shielded
cables may not always fit under the braid-clamping
ferrule', in which cases only the inner braid is u ed.

10 db attenuation in each) of the same
type cable a that being mea ured.
Connections to Cable Sample: The cable
saml'lle should be fitted with suitable
connector for making reliable connec
tions to the measuring apparatus. Avail
able TYPE 874 Cable Connectors can be
used on many different standard cables,7
or if standard military connectors are
used, appropriate TYPE 874 Adaptors
can be used to make the connections to
the TYPE 874 Connectors at the signal
soW'ce and detector. The use of TYPE
874 Connector for attenuation measure
ment purposes is recommended where
possible, because they can be installed
on cables considerably more easily and
quicldy than other connectors and can
be re-used many times.

8
Cables that

cannot be fitted with TYPE 874 Con
nectors can be fitted with Type N, Type
B c, Type c, Type liN, Type LC, or
Type UHF connectors, and adaptors

8 The braid-clamping ferrules cannot usually be re-used,
but they are available separately and inexpensiyely.

F'or cable con11ector type Ferrule type Ferrule price

74-C, C8 FEC-3 10 for 1.00
874-C58 FEC-2 10 for 1.00
874-C62 FEG-7 10 for 1.00
874-C9 FEG-9 10 for 1.00

Figure 4. Setup for the measurement of attenuation in coaxial cables at 400 and 3000 Me.

TO A-C
LINE
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FOR 400Mc
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I
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I *FOR 400Mc. USE CABLE SAMPLE FITTED
I TYPE 1208-8 WITH TYPE 874 CABLE
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: CONNECTION:

I TYPE 874-MR ~~~~~~~!':'~. I
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ADJUSTING THE EQUIPMENT

Adaptor Type
----';1::.:1~ilt~·ta~T1~1c~o~nn~e~cto~r_l_-.e:w~it~"-'.:ja::=d~·_ 'With 1Jlu{J

Detector: The local-o cillator frequency
is set to 370 Mc for a 400-Mc measure
ment or to 742.5 Mc for a 3000-Mc
measurement. In the latter case, the
2970-Mc fourth harmonic of the local
oscillator is generated by the mixer to
produce a 30-Mc beat with the 3000-Mc
signal frequency. In either case, tune the
local oscillator for maximum i-f am
plifier meter deflection after the signal
source has been set to proper frequency
of measmement as outlined below. The
output coupling loop on the local oscil
lator should be adjusted to produce
between 25% and 100% deflection of
i-f amplifier meter when ME'l'ER READS

from plug and jack versions of all of
these to TYPE 874 are available."
Length of Sample: The choice of sample
length of a cable is usually a balance be
tween measurement accuracy, which im
proves with longer samples, as will be
discussed later, and practical consid
erations, which generally, though not
always, make shorter lengths preferable.
A maximum limit on the length is set by
the sensitivity of the detector and power
output of the oscillator. Expressed in
terms of the attenuation of the sample,
this limit is about 60 to 80 db.

The accmacy of the over-all measur
ing system can be checked at any time
merely by measurements with the TYPE
874-GlO lO-db signal somce output pad
in and out of the circuit. The change in
reading when the pad is removed should
equal the known attenuation of the pad.

switch on amplifier is set to D-C MIXER
CURRENT.
Signal Source: For 400-Mc measure
ments, the dial of the TYPE 1208-B
Unit Oscillator is set to 400 and the out
put coupling loop adjusted to give a
convenient level at the detector. For
3000-Mc measurements, the TYPE 1220
A2 Unit Klystron Oscillator must be set
to 3000 Mc and its repeller voltage ad
justed for maximum output.

When the oscillator is first tmned on,
allow a few minutes for warm-up. Since
it does not have a frequency calibration,
the klystron oscillator is set by using the
local-oscillator frequency calibration as
follows. (Once set, the frequency seldom
needs to be readjusted.)

1. Connect detector to signal source,
omitting the 20-db pad and the adjacent
lO-db pad, disconnect local oscillator
from mixer, set ME'l'ER READS switch on
i-f amplifier to D-C MIXER CURREN'l', and
adjust klystron oscillator REPELLER
VOLTAGE control for maximum deflection
of meter on i-f amplifier. This produces
maximum output level from klystron
oscillator for whatever frequency it
happens to be set initially.

2. Set METER READS switch to I-F OUT
PUT, reconnect local oscillator to mixer,
and adjust local-oscillator frequency to
produce two strong deflections of the
i-f amplifier meter separated by 15 Mc
on the local oscillator dial. If the
klystron oscillator happens by luck to
be set at 3000 Mc, then the two settings
of the local oscillator dial will be at 742.5
Mc and 757.5 Mc respectively. If not,
then use a screwdriver to readjust
klystron-oscillator frequency, repeating
steps 1 and 2 until these two frequency
readings are obtained on local-oscillator
dial. There also may be two very weak
deflections in between the 15-Mc-spaced
strong deflections, and these are beats

74-QNP
874-QBP
874-QCP

74-QHP
74-QUP

874-QLP

874-QN.l
874-QBJ
874-QCJ
874-QHJ
874-QUJ
874-QLJ

Type N
Type BNC
Type C
Type H
Type UHF
Type LC
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ACCURACY

with harmonics of the klystron oscillator
frequency, but they are so much lov,er
in level that they cause no ambiguity.

The accuracy of measurement is de
termined by the accuracy of the attenua
tor-meter combination in the i-f ampli
fier. The maximum error is 1 per cent of
the attenuation value being measmed
plus a fixed error of 0.3 db. Since the
mea urement is always made at the
intermediate frequency of 30 Mc, accu
racy is independent of the measurement
frequency. Because of the fixed error,
the total error expressed in per cent of
the attenuation value being measured is
less for higher attenuation values; so it
is de irable to use fairly long cable
samples. For example, the maximum
over-all error when measuring 6 db of
attenuation is 6 per cent, ,,-hile for 20 db
it is 2.5 per cent, as sho\Y~ in Figure 5.

The TYPE 1201-A Unit Regulated
Power Supply preven ts errors due to
fluctuation of the signal source output
during a measurement. The use of 50
ohm pads at the ends of the cable ample
makes reflection losses at these junctions
negligible for cables having character
istic impedance values near 50 ohms.
When cables having other values of im
pedance are measured, the reflection
losses are usually accurately kno\yn and
can be subtracted from the measured

EFFECT OF IMPEDANCE MISMATCH

Figure 5. Variation of measurement accuracy with
cable sample attenuation.

insertion loss to obtain the true attenua
tion loss of the sample, as discussed in
detail in the next section, or lengths of
cable of the same type as being measured
can be used as pads, thus eliminating
reflection losses.

In general, the insertion loss of a net
,,·ork is made up of attenuation loss,
representing e entially the power ab
sorbed by the neb\-ork, and reflection
losses caused by impedance-level changes
at the input and output junctions. Since,
in the method previou ly de cribed, the
attenuation 10 of a cable sample is for
most cable types determined by meas
urement of its insertion loss in a 50-ohm
measuring sy tem, the reflection losses
must be considered as possible sources
of error when the cable characteristic
impedance i not 50 ohms, and either
their effect must be made negiligible or
corrections mu t be made.

Reflection loss can be explained as
follOlYs. When energy traveling along a
uniform system encounters an imped
ance discontinuity, a portion of the
energy is reflected back to the source, so
that the energy tran mitted beyond the
discontinuity is less than the incident
energy by the amolmt of the reflected
energy, thus resulting in a "reflection
loss." The magnitude of this reflection
loss for a single junction is:

10 loglc C_~ r 12) decibels,

in which I r Iis the absolute magnitude
of the reflection coefficient of the
junction and is directly related to the
voltage-standing-wave ratio (VSWR)

25201510o

5

5

0

ATTENUATION, DECIBELS
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as follolVs: 1o

I r 1= (VSWR) - 1
(VSWR) + 1

Fortunately, the VSWR must be fairly
high before any significan t amount of
reflection loss is produced; for example,
a VSWR of 1.25 corresponds to a re
flection loss of only 0.05 db, while a
VSWR of 2.00 corresponds to a loss of
0.5 db.

If the cable sample being measured in
the 50-ohm system does not have a
characteristic impedance of 50 ohms,
two equal discontinuities exist, one at
each end of the cable sample. As a result,
there are two equal reflection losses,
each of which can be calculated from the
equations in the above paragraph. In
addition, multiple reflections are set up
in the cable sample between the junc
tions, and these can modify the reflec
tion losses by an amount depending on
the electrical length of the cable sample
and on the frequency and thus cannot be
corrected for by a simple calculation.
The multiple reflections are rapidly at
tenuated in traveling through the cable
sample and can be made negligible by
the use of a long sample.

For example, to take an extreme case,
suppose the VSWR of the junctions is
2.00, as it would be for a 100-01lll1 cable
sample. Then, if the attenuation of the
cable sample is about 10 db, the maxi
mum possible error caused by multiple

10 r is also related to the impedance levels on both sides

fth
" Z-Zo ...

o e JunctlOll as follows: r = z + Zo I JI1 which Zo IS the

characteristic impedance of the uniform s,·stem up to the
junction, and Z is the input impedance of the s\-'stcm be
yond the junction. Also, the ratio of reflected' power to

incident power is equal to 1r I'. VSWR equals ~ or ~
whiche"er is greater than unity, if Z and Zo are ;;th r:al:
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reflections is only ± 0.1 db. The normal
calculated reflection loss at each junc
tion is, as mentioned earlier, 0.5 db, so
the total reflection loss for both junctions
is 1.0 db. Suppose that the measured in
sertion loss of the 100-ohm cable sample
in this example turns out to be 11.2 db.
The desired attenu3 tion loss is found by
subtracting the calculated total reflec
tion loss of 1.0 db from the measured in
sertion loss of 11.2 db, giving a final
answer of 10.2 db with an uncertainty of
± 0.1 db, or ± 1%, owing to multiple
reflections.

Figure 6 gives values of the total re
flection loss of both junctions as a func
tion of VSWR and also as a function of
the characteristic impedance of the cable
sample. (The references to twin-conduc
tor cables and to the 200-ohm impedance
level will be explained later.) It was
pointed out in the previous paragraph
that this loss is small, and the cmve
shows in addition that cable character
istic impedance need be known only ap
proximately in order to obtain a suffi
ciently accurate value for the reflection
loss correction. For example, the cor
rection is 0.36 db for 75-ohm cables and
0.28 db for 71-ohm cables; so it seems
reasonable to use a rounded-off cor
rection of 0.3 db for both types.

The maximum possible magnitude of
the error caused by multiple reflections
can be determined from Figure 6 and
is equal to the number given for the
reflection loss reduced by twice the cable
attenuation; e.g., if cable attenuation is
10 db, reduction is 20 db or 10 to 1.

Figure 6. Reflection-loss correction (to be subtracted)
vs. cable impedance and VSWR.

10

05

• COM~ON COAXIAL OR !JiDUAL COAXIAL CABLES
X COM.\o1O\l TWIN-
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a
o
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50
200

I

75
300
1.5

100 lO,CQAXIAL
400 Zo, TWIN co:,·mucTO~

2 V.5WR.
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For a V, \ R of 2.0 , Figure 6 giv a
l' flection 10 of 1.0 db, a the maximum
po ibl 1"1"01' due to multipl reflec ion
is 11 -t nth of thi , or 0.1 db.

If th cabl 'ampl cann t b made
long nough to atlenuate lh multiple
refle lion suffici ntly wh tl a hi h ,T, "\ R
xi t.', top' hould be laken to r'due

the mi. mat -h. 'uitabl r i. lanc pad"
can 1 II d if available, or other me ns
can b lovised to fi th particular
condition '.

If th impo lance of th cable to b
m a. ur d i gr atel" lhan 10 hm., he
ref! eli n-10 'orr ct ion i I 0 large to
allow good ac 'ura .V· ,0 for 'uch cabl s
th us of pad mulching the 'abl(' , i
l' commend I."

Th military 'pecificalion 1TL- -17B
requires lhat , t 3 0 1\1e th pad and
c nncelol" a th cable sampl mll ·t
match the 'an pi imp dun e."

In 'ummury, the use of a TYPE 74-

GIO lO-db pad at a·h nd of the cable
'ampl provide. a known imp dane
termination suitable for many yp f
cable. \. hen cable having chara ler-
i tic i pedance' in th vicini of 50
ohIn a1' mew ur d, reAe ti n 10. ar
n gligible, und th mea ured in. rtion
10 'i equal to th attenuati n. ,Yhen
cabl s havillO' imp dance th l' than 50

hms aI" m('u 'ured, th J'efle tion 10 os
can in mo' in. tane be al ulated, or
determined dir ·tl. from Figure and
. ubtraet cI from m a ured in ertion 10
to btain the trll at\, tluation. Thu: a
inerl mea UI' m nt, e up can be u ed f l'

11 a1'ly all (;ubl type.
Froth r (;abl typ s, appropriat

lenglh f the Sl1m type cable replae
the -a-ohm pads.

- W. R. TlIUR, TOX

(To be cOlllinlled.)

t I J.(\nJ'lh~ of ('able' ha\'iug the ~:lm ('hllr:wtcrit-itie im
p lunC'(' a~ tll(' ('nol under te:-t NUl bo Ube<1 II pad!!.

LIST OF EQUIPMENT

Quantity Item Pric

$335.00
200.00
272.90
235.00

16.00
50.00
25.00
32.50
85.00

1
1
1
1
1
2
1
1
1
2

Type 1216-A Unit I-F Amplifier ..........•....... , ••.. " •...•..
Type 1208-B Unit Oscillator , •.......••......•..
Type 1220-A2 Unit Klystron Oscillator .......•.......•.......•..
Type 1209-B Unit Oscillator ...............•.......••.......•..
Type 874-F500 low Pass Filter .....••.......•.......•.......••.
Type 874-Gl0 10-db Pads , .. , ..
Type 874-G20 20-db Pad ..........................••...•...•.
Type 874-MR Mixer Rectifier .
Type 1201-A Unit Regulated Power Supply , .
Type 874-R21 Patch Cords (one supplied with each Unit Oscillator)

_-'------'Ty'-'-pe 874 Adaptors and Cable Connectors as required. , , . _'._._._'._._.--'- _

~OTE .\Iuch of thi~ equipment i. ab·o u:-. d for other llIe,.'l ..urcmeJlh to be d":--o('ribf'd in la.ler tlrticle'i of this c::eri

NATIONAL CONVENTION ON MILITARY ELECTRONICS
SHERATON PARK HOTel WASHINGTON, D. C, Booth 89 JUNE 17-19
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Figure 1.

silica gel sealed into the case with the
stacked unit to protect from any residual
moistme; (3) a clamping structure hav
ing a low-rate spring so that pressure on
the stacked unit would be sensibly con
stant with time and temperatme; and
(4) artificial aging by temperature cy
cling. These features, which are retained
in the new units, produced an excellent
capacitor, which, nonetheless, showed a
tendency to increase in capacitance over
the years at a slow but predictable rate.
Figure 2, which is the record of om own
working standards over a 22-year period,
shows a linear increase after the first
year, when percentage change in capaci
tance is plotted against the logarithm
of time. The initial and normal first-year
drift of these units was largely eliminated
by the artificial aging; hence a drift of
0.1% in approximately ten years after
shipment was the expected performance.
It is interesting to speculate whether the
units in question will continue at the in
dicated rate and drift another 0.1% in
the next 100 years, but the matter is ob
viously of somewhat academic interest
to most of us.

The mechanism of the drift in a ca
pacitor with foil electrodes is believed

STABILITY
Stability was secmed in the original

design by: (1) the omission of impreg
nants, such as wax, which could change
with time and ambient conditions; (2)

NEW, SILVERED-MICA, STANDARD CAPACITORS, TYPE 1409
It has been almost twenty-five years

since the General Radio line of standard
mica capacitors was developed under the
direction of the late G. W. Pickard. The
characteristics sought for these capaci
tors were stability, accuracy, low losses,
and convenience of use. These character
istics are still the objective in a labora
tory standard capacitor, but today's
criteria are necessarily somewhat more
severe than were those of a quarter-cen
tury ago. It is, therefore, a tribute to the
soundness of the original design that a
great many of its details as well as its
principles are included in the new TYPE
1409 Standard Capacitors, currently in
production.

Primarily, the new capacitors take
advantage of the improvements possible
with properly processed silvered mica,
but in the course of the development all
phases of design and manufacture were
reviewed and a considerable number of
changes made.
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to be a gradual flow of the soft foil, in
creasing the intimacy of contact with the
mica and perhaps increasing the area of
the foil. In the new TYPE 1409 Standard
Capacitor each sheet of mica has silvered
electrodes assuring a much higher de
gree of contact bet\yeen mica and elec
trode. Additionally, soft foil is still used
to in ure low-resistance contact to the
electrodes.

Data taken over a three-year period
on capacitors with this new construction
show no evidence of systematic capaci
tance drift. Such changes as have been
observed are random and less than .01%
(100 ppm). An order-of-magnitude im
provement over the previous design is
indicated, with a distinct possibility that
the improvement is even greater than this.

ADJUSTMENT ACCURACY

The older type capacitors were ad
justed within 0.25% of nominal accuracy
by trimming; large capacitance value
were adjusted by a second, mall unit in
parallel, while small capacitance values
were adjusted by a large unit in series.
In the new construction the u e of
silvered-electrode mica permit adjust-

ment within 0.1% in a single unit for the
large capacitance value. In the smaller
values a very small adjusting capacitor
is used for final adjustment.

ELECTRICAL CHARACTERISTICS

In addition to low dissipation factor
and high ultimate insulation resistance,
interest has focused in recent years on
dielectric absorption, of importance in
d-c or ultra-low-frequency applications.
Actually, dielectric absorption and dis
sipation factor at audio frequencies are
aspects of the same phenomenon, both
being chargeable to interfacial polariza
tions occurring at frequencies below one
cycle per second. The typical rise in dis
sipation factor at low audio frequencies
is shown in Figure 5.

The mica u ed in the TYPE 1409 is
selected to have average dissipation fac
tor of no more than 0.0002 at 1 kilo
cycle and insulation resistance of at
least 5,000 megohm-microfarads. This
usually means clear, or clear and fair
stained, ruby mica, but selection is ulti
mately on the ba i of electrical per
formance rather than on arbitrary visual
quality.

Figure 2. Record of
change in capacitance
of Type 509 Standard
Capacitors in General
Radio laboratories
over a 22-year period.
Range of observed
changes in the new
Type 1409 units for a
3-year period is shown
by the dashed lines.
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Moisture is the deadly enemy of good
electrical performance in mica, and ex
treme care must be taken to exclude
moisture during assembly of the capaci
tor. The mica is stored at an elevated
temperature for an extended period be
fore assembly. Actual assembly is done
in an air-conditioned room with relative
humidity maintained at 30% or lower.
The assembled capacitor stacks are
placed in desiccators until final assembly
into their cases.

HOUSING AND CALIBRATION
Like their predecessors, the new TYPE

1409 Standard Capacitors are encased
in a cast-aluminum enclosure, but this
also has been redesigned. Weight has
been reduced, center of gravity moved
nearer the binding posts, and four units
have been substantially reduced in vol
ume and weight. An independent ground
binding post has been added so that
these units may be used either as two
terminal 01' three-terminal capacitors.
Indicated stability and uniformity of
temperature coefficient are good enough
so that an accurate knowledge of the
temperature is useful. Hence, provision
has been made for the insertion of a dial-
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Figure 3. Dimensions of the Type 1409 Standard
Capacitors.

type, bimetallic thermometer into a wall
of the case.

To absorb any residual moisture that
may remain in spite of all precautions,
a quantity of silica gel is sealed into the
unit. To insure a good seal and anchor
age between the metal and the sealing
compound, a groove is milled into the
inside walls of the case. Finally, a metal
plate is fastened to the bottom to com
plete the electrostatic shielding.

Mica and foil are so stacked that the
two outside foils are connected to the
low (L) terminal. This partial shield re
duces the capacitance between the high

Figure 4. Mica for the
Type 1409 Standard
Capacitors is selected
for low losses in this
test setup using the
Type 1605-A Imped-

ance Comparator.
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(H) terminal and case (G), and mini
mizes the difference between the two
terminal and three-terminal values.

CALIBRAliON
Each capacitor is adjusted to within

± 0.1% of its nominal value. The meas-

ured capacitances for both the two
terminal and the three-terminal connec
tions, at one kilocycle, are entered on the
calibration certificate supplied with each
capacitor.

- IVAN G. EASTON

P. K. McELROY

SPECIFICATIONS
Accuracy of Adjustment: Within ± 0.1 % of the
nominal capacitance value engraved on the case.

Calibration: Measured values of capacitance for
both the two-terminal and the three-terminal
connections at a specified room temperature are
entered in the calibration certificate. These
values are obtained by direct comparison, to a
precision of better than 0.01 %, with a like
standard periodically certified by the National
Bureau of Standards to an accuracy of ± 0.03%
in absolute capacitance.

The TYPE 1409 Standard Capacitors may be
connected in parallel with no cumulative error,
by plugging them together.

Temperature CoeHicient of Capacitance: +35 ±10
ppm per degree Centigrade between 10° and
70° C.

Dissipation Factor: Less than 0.0003 at 1 kc and
23° C. See Figure 5.

Frequency Characteristics: See Figure 5. Values
of series inductance and series resistance at 1
Mc are given in the table below. This resistance
varies as the square root of the frequency for
frequencies above 100 kc.
leakage Resistance: 5,000 megohm-microfarads
or 100,000 megohms, whichever is the lesser.
Maximum Voltage: 500 volts peak at frequencies
below the limiting frequencies tabulated below.
At higher frequencies the allowable voltage
decreases and is inversely proportional to the
frequency, approximately. These limits cor
respond to a temperature rise of 40° Centigrade
for a power dissipation of 5, 6, and 7.5 watts
respectively, for the three case sizes.
Mounting: Cast aluminum cases with rubber
feet.
Terminals: Two insulated jack-top terminals,
plus jack-top terminal and ground strap.
Dimensions: See Figure 3.

10
.01

1.0
.001..

~lu 0
.0001

·0I1~0':-----;;;:100!;-:'----':"':-'---;;!'O!:-:"--'IO::!O~":--~'M::-'--'IO;;!M:C:-,---;;;;'IOOMC .OOOOII<K IOOc '" IOke 100111;: 1M, lOMe IOOMo

Figure 5. (Left) Fractional change in capacitance as a function of frequency.

(Right) Dissipation factor os a function of frequency.

Capaci- A1aximum Frequency Series Resistance Weight
lance Peak Limit fOT Inductance in Ohms in

TlIpe in J.<f Volts Max. Volts in J.<h all Mr Pounds Code Word Price

1409-F 0.001 500 4.0 Mc 0.050 0.02 Hoi GOODCONBOY $ 32.00

1409-G 0.002 500 2.3 Mc 0.050 0.02 1~ GOODCONB G 32.00

1409-K 0.005 500 1.1 Mc 0.050 0.02 1~ GOODCONCAT 34.00

1409-l 0.01 500 640 Kc 0.050 0.02 1~ GOODCONDOG 34.00

1409-M 0.02 500 370 Kc 0.050 0.02 1~ GOODCONEYE 36.00

1409-R 0.05 500 175 Kc 0.055 0.02 1~ GOODCONPIG 39.00

1409-T 0.1 500 100 Kc 0.055 0.02 1~ GOODCONROD 42.00

1409-U 0.2 500 50 Kc 0.055 0.02 1~ GOODCONSIN 50.00

1409-X* 0.5 500 20 Kc 0.055 0.02 I%" GOODCONSUM 80.00

1409-yt 1.0 500 10 ICc 0.070 0.03 272 GOODCONTOP 130.00

-l\lounted in medium case.
t~1ounted in large case.
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100 ZO,COAXIAL
400 lOt TWIN CO"'lDUCTOR

2 V.SWR

(Part III)

75
300
1.5

50
200

I

25
100
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ec vOt~ COAXIAL OR
1DUAL COAX AL CABLES

X OOM'lCJ\ TW,N- /-
Ot..CTOR CABLE

,

o
o
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Figure 6. Reflection-loss correction (to be subtracted)
vs. cable impedance and VSWR.

with a slight modification of the setup
already described for coaxial cables. All
that is necessary is the addition of two
TYPE 874-UB Baluns (balanced-to-un
balanced transformers) to the setup at
the points where the cable connects to
the measuring equipment, as shown in
Figure 7.

In this figure the details of the signal
source and heterodyne-type detector are
not repeated, since they are the same as
those shown in Figure 4 (Part II).

MEASUREMENT OF CABLE CHARACTERISTICS
A TTENUATION OF

DUAL-COAXIAL CABLES ~ 10

Dual-coaxial cables are made up of i3

two, separate, individually hielded, §
coaxial cables encased in an additional ~ 05

common braided shield and a common
jacket. Attenuation is measured for each
individual coaxial core separately, and
thus the method described above for
coaxial cable can be used without modi
fication. The impedance of these cables
is usually 62.5 ohms for each coaxial
core (125 ohms total for both cores), and
the reflection-loss, as determined from
Figure 6, i 0.1 db.

A TTENUATION OF SHIELDED
TWIN-CONDUCTOR ("Twinax") CABLES

Shielded twin-conductor or "twinax"
cables consi t, as the name implies, of a
pair of parallel, spaced wires urrounded
by a hielding braid and must usually
be measured only at 400 Me. They can
be measured using the same method

Figure 7. Setup for the measurement of aHenuation in twinax cables at 400 Me.

r-------....,
IHETERODYNE-TYPE I
I DETECTOR I

I(SAME AS I
FIGURE 4, RlIRT Ill:

c:e==:&!JL~~1 I
L ..J

..::::. UG- 4221U
UG-42I1U

}
_ TYPE 874-UB-P4 TERMINAL

UNITS (HAVE UG- 4221U TWINAX
. SOCKET CONNECTORS)

TYPE 874-UB BALUNS, EACH
WITH 2 TYPE 874-020 ADJUSTABLE

/ STUBS 82 TYPE 874-L10 AIR LINES

r-------,
SIGNAL I
SOURCE I

I
(SAME AS I
FIGURE 4, PART 11,1

I FOR 400Mc)

L J
UG-4221U"'"

UG-421/U~

CABLE SAMPLE FITTED WITH PROPER TYPE
OF TWIN CONNECTORS/SEE TEXT:"CABlE SAMPLE")
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Baluns: The TYPE 874-UB Balun is a
tuned type, and each balun requires 2
TYPE 874-D20 Adjustable Stubs and
2 TYPE 874-LlO lO-cm Air Lines for use
at 400 Mc. The stubs have calibrated
scales, and both are simply set to read
"17.5 cms." to tune the baluns to 400
Mc. TYPE 874-UB-P4 Adaptor provides
a reliable shielded connection between the
output of each balun and a TYPE UG
422/U twinax socket connector, which
connects directly to TYPE UG-421/U
twinax cable plugs on the cable pads.
Cable Pads: These can be made using a
length (to give about 10 db attenuation
each) of the same cable type as that
under test. Small-size twinax cable used
for sample and pads can be fitted direct
ly to the UG-422/U series of twinax con
nectors used on the balun terminal units,
using female-to-female adaptors as nec
essary to make connections. If large-size
twinax cable is being used for the sample
and for the pads, adaptors from the
small-size connectors on the balun termi
nal units to the large-size series of con
nectors used on the sample and pads can
be readily made from a few inches of
RG-22B/U small-size twinax cable with
a UG-421/U small-size connector on one
end and a large-size connector on the
other end. The braid of the small-size
cable, if folded back over the cable jack
et, will fit nicely into soldering position
in the large-size connector.
Cable Sample: Most twinax cable types
have a nominal impedance of 95 ohms,
and the impedance at the baluns is 200
ohms, produced by the usual 4:1 im
pedance-transforming action in the balun
from the 50-ohm impedance of the signal
source or detector. If no matching cable
pads were used, a mismatch of 2.10 in
VSWR would exist at each end of the
cable sample where it connects to the
balun. The reflection-loss correction, as

determined from Figure 6, would be 1.18
db. (In Figure 6, the impedance scale
having 200 ohms opposite a VSWR
value of 1 applies when the baluns are
used in the measuring setup.) It is rec
ommended, however, that pads be used
to match the cable sample between it
and the baluns so as to eliminate the
need for any reflection-loss correction,
partly because the correction is fairly
large and partly because, as a result, an
appreciable error could then be caused
by a small misadjustment of the baluns.
Making the Measurement: The method
of measurement is the same as that for
coaxial cables, as described previously,
and no reflection-loss correction need be
made since matching pads are used.

ATTENUATION OF UNSHIELDED
TWIN-CONDUCTOR CABLES

There are several 300-ohm cables and
one 200-ohm cable in this category. They
can be measured by use of the TYPE 874
UB Baluns in exactly the same way as
for the twinax cables just discussed,
except that different balun terminal
units are used. The reflection-loss correc
tion can always be eliminated.

The TYPE 874-UB-P3 300-ohm Balun
Terminal Pad is used with each balun
when 300-ohm cable samples are meas
ured, and the TYPE 874-UB-P2 200-ohm
Terminal Unit is used for 200-ohm cable
samples. In both cases, the cable sample
is sufficiently well matched by the baluns
with their termination units so that no
reflection-loss correction is necessary. In
setting up the "sample out" condition,
the most direct possible connection
should be made between the two balun
terminal units to avoid reflection errors
in this reference condition. The terminal
unit binding posts should be butted to
gether end to end, with very short U's of
bare wire to hold them together.
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Figure 8. (Left) Adaptor made up from RG-22B/U cable with large-size and small-size twinax connectors.

(Right) Type 874-UB-P4 Adaptor to connect balun to small twinax connector.

Care must be taken to keep the un
shielded cable sample well away from
interfering objects, including other parts
of itself. This requirement rules out
measuring a coiled sample and usually
requires the sample to be strung around
the room, or up and down the hall, on
non-metallic hangers and spaced two or
three feet from walls, pipes, and the like.
This is admittedly a nuisance, but such
precautions appear to be unavoidable.

MEASUREMENT OF ATTENUATION
AT OTHER FREQUENCIES

There are several military cables that
require a measurement of attenuation
at 1 Mc. The attenuation values are gen
erally so low that the accurate use of the
insertion-loss method requires very long
cable lengths. A better method is to use
an impedance bridge, with which the
open-circuit and short-circuit reactance
of a cable sample having an electrical
length of one-eighth wavelength and the
open-circuit or short-circuit resistance
of a cable having an electrical length of a
quarter wavelength can be measured.
(The electrical length equals the physical
length multiplied by the square root of
the effective dielectric constant of the
insulating material.) Attenuation can
then be accurately calculated from these
resistance and reactance values, using
the following equations.12

12For a detailed discussion of this bridge method. includ
ing a refined technique for getting maximum accuracy,
see ").1easurements of the Characteristics of Transmis
sion I,ines," by Ivan G. Easton, in the November and
December, 1943, issues of the Experimenter.

Zo 868.6 d / f
a = -R X I th ft b 100 t.sc eng, .
or

a = Roc X 868.6 db/lOO ft.
Zo length, ft.

where Zo = ~IXscl . IXocl, X sc and
Xoc are the short- and open-circuit re
actances, respectively, of the eighth
wavelength section used to determine
Zo, and Rsc and Roc are the resistances
for the quarter wavelength section.
Measurements at 5 Mc can be made in
the same manner.

The TYPE 1606-A R-F Bridge is weJl
suited for measurements at 1 Mc and
5 Mc.

Departing from military specifications
for a moment, there are occasions when
a cable designer or a development en
gineer making use of cable might want
to measure a particular cable at fre
quencies other than 1 Mc, 5 Mc, 400 Mc,
and 3,000 Mc. The insertion-loss method
as described can be used at any fre
quency between about 20 Mc and
4,000 Mc, a range that includes the UHF
television band (475 to 890 Mc), assum
ing that suitable oscillators are on hand.
The bridge method mentioned above can
be used at almost any frequency for
which a bridge is available, provided
that cable lengths can be selected to
give resistance and reactance readings
that are within, or can be brought with
in, the accurate range of the bridge.
Special methods can be devised in par-
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ticular problems using standard in tru
ments. For example, a capacitance
bridge (TYPE 716-C) can sometimes be
used to measure all four cable parameters
(R, L, G, and C) of a short cable length
(25 ft.) at low frequencies (100 Kc), and
attenuation can then be calculated. A
large selection of General Radio bridges

and similar impedance-measuring de
vices is available to cover the frequency
range from low audio frequencies to
5,000 Mc.

13

- W. R. THuRsTox

(To be continued)
I30ur Sales Engineering Department will be glad to make
recommendations for any specific measurement problems.

LIST OF EQUIPMENT

In addition to the items listed in previous installments, the following units are used in measuring twin-conductor
cables.

Quantity
2
2
2
2
4
4

Item
Type 874-UB Balun @ $75.00
Type 874-UB-P2 200-ohm Terminal Unit. @ 6.50
Type 874-UB-P3 3OO-ohm Terminal Pad @ 15.00
Type 874-UB-P4 Adoptor ....................•....... @ 50.00
Type 874-l1 0 Air lines @ 5.50
Type 874-020 Adjustable Stubs @ 14.00

Price
$150.00

13.00
30.00

100.00
22.00
56.00

For measurements by the bridge method at 1 Mc, the following instruments are recommended:

Quantity
1
1
1
1
2

Item
Type 1606-A Radio-Frequency Bridge .................•.........
Type 1212-A Unit Null Detector .
Type 1211-B Unit Oscillator .
Type 1212-P2 l-Mc Filter ..............................•••••...
Type 1203-B Power Supplies @ $40.00

Price
$620.00

145.00
275.00

30.00
80.00

NEW COMBINATION 3-WIRE AND 2-WIRE POWER RECEPTACLE
As rapidly as production schedule

will permit, General Radio ac-operated
instruments are being equipped with 3
contact power-input receptacles that
will accept either the standard 2-wire
power cord, TYPE CAP-35, or the new 3
wire cord CAP-15. * The 2-wire cord will
be supplied with instruments unless the
3-wire type is specified in the order.

The new 3-wire receptacle is avail
able for installation by our customers
in instruments that now have the 2-wire
receptacle. Designated TYPE 109-A, this
recept.acle, unlike the old 2-wire type,
is not reces ed, which would require an

Front and rear views of the Type 109-A 3-wire
receptacle.

excessively large diameter. Instead,
the new receptacle is interchangeable
with the old 2-wire receptacle on exist
ing instruments, without change in
mounting holes.

Type Code Word Price

109-A 3-wire Receptacle . TRIPU $1.25

*"3-Wire Power Cord" General Radio Experimen,ler, 31,9, February, 1957.
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TYPE 1203-8 UNIT POWER SUPPLY

The popular, general-purpo e Unit
Power upply TYPE 1203-A, designed
primarily to provide a-e heater and d-e
plate power for General Radio Unit In
Rtruments, has been replaced by an im
proved \'ersion TYPE 1203-B. The cir
cuit of the ne\\' model has been re\'ised
to include additional filter capacitance,
thereby reducing the output ripple. By
a rearrangement of components, the
fuses have been moved to the front panel
for greater convenience of servicing.

Thr 230 v, :30-cyc]c modrl TYPE 1203-
AQ II has been replaced by Lhe Typ]~ View of the Type 1203-8 Unit Power Supply.

1203-BQl for 230 v, 50- to GO-cycle
service. have been accomplishe I at no increase

In both new models these changes III price.

SPECIFICATIONS

Output (at 115-Y input): 300 V dc (±5%) at
50 ma; 6.3 v ac at 3 amp; (with a-c load at 1.5
amp or lcss, max doc load is 65 rna, about 2 5
v dc).

Regulotion: At no load, doc output i~ 380 v.

Ripple: Lcss than 80 mv (120 cps) at full load.

Input: 105-125 v, 50-60 cps, 50 w full load at
115 v.

Connectors: Linc cord pcrmancntly attachcd
to instrumcnt. Standard 4-point conncctor

mountcd on cabinct sidc for othcr Unit Tn
. trumcnts.
Rectifier: 6X4.
Accessories Supplied: ~lating plug for equipmcnt
other than nit Tnstl'llmcnts; sp:tr!' fus!'s.
Housing: Black-crackle-finish aluminum panel
and sides. Aluminum cover finishcd in clear
lac-quer.
Dimensions: Width 5 in., hcight 5%: in., depth
6}.{ in. over-all, not including power cord.
Weight: .5 pounds.

-=-'l'yp_e1_ I
1203-8 (115 Yolts, 50-60 cycles) , .......•
1203-8018 (230 Yolts, 50-60 cycles) ..........• , .

('o,le lVo~1

A LI\'~:

AJ.lVglu;r;AIJ

Price

$40.00
50.00

VACATION CLOSING

During the \\'rrks of -Tuly 22 and .July
29, our l\1anufactUl'ing; Depart men ts
will be cloRecl for \'acation.

There will be business as usual in the
Sales Engineering ami Comnwrcial De
partmcnts. Inquiries, inC' Iud ing requeRts
for technical and commercial informa-

tion, will receive OUl' usual prompt
at tcn t ion,

Om Sen'ice Department requests
that, l)('cause of absenec in the manu
facturing and rcpair groups, shipments
or equipment to be rcpaircd be scheduled
to reach us nJlcr thc vueution pcriod.
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CHAIRMAN RETIRES

12

Hurold n. Richmond for tht' pa, t
thirtpen yeurs ChairmtUl of tht' Hourd
of the (;el1<'ral HaJio Compuny, rp(ired
on ,Itme 30, 19;)/ ha\'ing; rr:1('I1<'d th

'ompany',' mandatory rrtin'm nt u/!;e.
After hi.' g;raduution from the :'\[11.. u

chllsett,' Imltitll tt' of Tc('hnolog;y in 19\ l.
he :-;('1'\,('(1 with •'tonp &: \\'pb:t I' and
lat('[' I\U" u nwmb I' of the elec'(ri('al ('n
ginc ('ring tru('hinj:?; , tuff ut :.\ fIT. He wa
('ullc'd to ueti\' dut~, a. an officer in the
Cou. t ,\rtillrr.\· Corp in th fir,'t "'orld
\\'ar. He joined thr ;('II('ral Radio Com
pan~' a, an ('ngilleC'[' in ]919 and two
yptll" later wa, eletted it,' •'eC'rC'(ary. IT
heeame TrC'uslIrN in ]92n, whidl posi
tion he held until his ('1C'('(ion flS Chair
man of the RoarJ of Din'('(ors.

IIi, principal intpre, t. have alway.
be n in the bu. inC'. , and manag rial affair"
of th ompany. In addition to ('arry
ing on thi' work with vigor and hig;h
ahility, _ II'. Hichmond ha found time
for notable work in out. id affair,. HI'
ha. b n director and pre. i lent of til('
Radio :.\lanufaetlll'cr, .\.. 0 iation (now
RET:.\IA)· dir ('tor, pre. ident and ('hair
man of th .• ei('ntihe Apparatu,' :.\lakers
A ciation' director of tIl(' Lihf'rty
Mutual In. uranee ompany and of the
Bo,ton VI oven Ho. e and Rubb I' om
pan . In n.ddition becan, c of a deep in
ter st inducation, he has served for
many yC'ur. a, a member of thC' corpora
t.ion of th :.\Ia. acllllS<'1 t. Institute of
Tc 'hno]ogy and a,' a lrust('(' of • -orth
ea, t rn rni\'er. ity and of Korwich
·ni\'er. it~r.

During the cond World '''ar he \\'a,'
hief of the Guid d :.\Ii!'. ile Divi,'ion of

the Xational D f n.'e Ill'. ar'ch om
mittee at a tim whrn few ha I much
faith in the futur of guided mi. ile .
For hi energy and forC'. ight in promot
in continued I' ,('arc'h along th e line,',
h wa. awarded th(' Pl'l'. idential :.\1 clal
for :.\lerit and WD.. latl'l' Chairman of the
_~ational Academy of •'('i('ne Ordnance
Advi.ory ommittee on Guided :\li. silp..

Hi.. wi e leadPI'. hip and COUll. I ha\'('
contl'ibut d much to the p. tabli hmmt
o many 0 thp Compan.v'. bu. ic polieiPH
and to it,' prp, l'ntpo. itioJl in lheindu 'try.

General Radio Company
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THE MEASUREMENT OF CABLE CHARACTERISTICS (Part IV)
MEASUREMENT OF CHARACTERISTIC IMPEDANCE (Zo)

MEASUREMENT OF VELOCITY
OF PROPAGATION (v)

The usual reason for making this
measurement is, as implied above, to
determine characteristic impedance (Zo),
but the value of v is occasionally re
quired for other reasons. Since v is con
stant at high frequencies (Figure 3b),
the frequency of measurement is not at
all critical provided that it is above 20
to 40 Me. The measurement can be
made with the equipment shown in
Figure 9.

The TYPE 1208-B Unit Oscmator,
amplitude-modulated, delivers power

ohms. Since C for polyethylene-dielectric
or teflon-dielectric cables i independent
of frequency, it can be measured at any
convenient low frequency, such as 1,000
cycle. (MIL-C-17B Specification allows
any frequency from 1,000 cycles to 1
Mc.) The relative velocity of propaga
tion, v, can be determined, as outlined
in the following section, at any conven
ient frequency above the region of chang
ing characteristic impedance. Then Zo
can be calculated from the formula
given. The advantagPR of this indirect
method are that it is simple and requires
less expensive equipment than the im
pedance-bridge method, and the high
frequency part of the measurement
(measurement of v) can be made using
some of the same equipment that is
necessary for the measurement of at
tenuation. Thus we have reduced the
measurement of Zo to the easier meas
urements of v and C. Because of the small
variations in characteristic that occur
from point to point along a flexible
cable, it is desirable to use the same
piece of cable for both measurements.

Zo = (v in per cent) x (C in !J.J.L! per ft.)
130ur Sales Engineering Department will be glad to make
recommendations for any specific measurement problems.
14Prrferably near an electrical length of one-eighth wave
length.

In Part I it was shown that the charac
teristic impedance of polyethylene-di
electric and teflon-dielectric cables is
constant at very low frequencies, de
creases somewhat in a medium-fre
quency range, and is again constant at a
lower value at very high frequencies.
(See Figure 3a.) Characteristic imped
ance can easily be determined at any
desired frequency if a suitable impedance
bridge" is available with which to
measure the open-circuit reactance,
X oc, and short-circuit reactance, X sc,
of a sample length of cable.

14
The

characteristic impedance is then Zo =
VXocXsc'

The bridge method is the most satis
factory method for measurements on
cables at low frequencies, such as 1 Mc,
where the inductance varies with respect
to frequency, and for measurements on
rubber-dielectric cables and other types
of cables in which capacitance is not in
dependent of frequency. Twin-conductor
cables are more difficult but can be
measured by use of the TYPE 874-UB
Balun connected between the bridge
and the cable sample and adapted to
the desired frequency of measurement.

Since polyethylene-dielectric and tef
lon-dielectric cables have practically con
stant Zo for all frequencies above about
20 to 40 Mc, and since it is this value of
Zo that enters into most applications
and is usually listed, an indirect method
of measuring Zo can be used. This method
is based upon the following simple rela
tion to velocity of propagation (v) and
capacitance (C):

101,600
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through a TYPE 874-GlO lO-db Pad and
a patch cord to a TYPE 874-Q2 Adaptor
fitted with banana plugs. These plug into
the jack-top binding posts of a second
TYPE 874-Q2 Adaptor," and one end of
the cable sample is also connected across
these binding posts. (Connectors are not
used on the cable sample for this measure
ment.) The coaxial end of the second
adaptor connects to one end of the TYPE
874-VQ Voltmeter Detector, whose
other end is terminated in a TYPE 874
WM 50-ohm Termination. The de
modulated audio envelope signal is con
nected by a patch cord to the TYPE
1212-A Unit Null Detector. The TYPE
720-A Heterodyne Frequency Meter is
strongly recommended in order to im
prove the accuracy with which the fre
quency is known from 2% to 0.1% and
to reduce very significantly the danger
of miscalculating the number of quarter
wavelengths, le, in the cable sample, as
described belo\\'.

It can be seen that this system can be
described as consisting of a 50-ohm gen
erator of variable frequency driving an
untuned voltmeter in parallel with the
cable sample input. If the other end of

UThe TYPE 874-Q2 Adaptor is supplied with two banaoa
plugs and two binding posts.

the cable sample is open-circuited, and
if the oscillator frequency is varied, the
cable-sample input impedance will vary
between alternate maximum and mini
mum values, with the minima marked
by minimum indications on the volt
meter. It is well known that the minima
occur when the length of the cable sample
is equal to an odd number of quarter
wavelengths.

The measurement is made by findin rr

the frequencies for two adjacent volt
meter minimum readings. Before u ing
the frequencies so found, it is desirable
to find al 0 the next several frequencies
for minima and to check that the separa
tions between any two adjacen t fre
quencies are reasonably uniform, thus
guarding against being misled by a pos
sible spurious minimum. Call the lower
of the two frequencies to be used il and
the next higher one i2' The physical
length, l, of the cable sample is also
measured. To calculate per cent velocity
from these data, first determine the num
ber, le, of quarter-wavelengths contained
in the ample length at the frequency of
il by means of the following approxi
mate'S relation:

16This formula. is approximate because of normal meas
uretnent errors in dcternlining 11 and 1'2 and because k
must be an exact, odd integer. I

TYPE 874-02 ADAPTER
WITH BANANA PLUGS

TYPE 874-WM 50-OHM

-.::::;:::===:::n21J1l~~~::::'::::~l21Ji"" TERMINATION

/
:t' ~ ~CABLE SAMPLE

\ C B- OPEN-CIRCUITED END

I TYPE B74-02 ADAPTER (INNER CONDUCTOR cuT
TYPE 720-A I WITH BINDING POSTS OFF FLUSH)

HETERODYNE ~'"
FREOUENCY ,

METER "LOOSE COUPLING

Figure 9. Arrange
ment of equipment for
measurement of ve
locity of propagation

in coaxial cables.
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Figure 10. Method of
connections to twin
conductor cobles. The
remainder of the meas
uring system is identi
cal with that of Figure
9. Instead of copper
foil and tape, Type
874-ZC Clamps can

be used, if desired.
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PATCH CORD TO
NULL DETECTOR

TYPE 874-VQ TWO TYPE IOOO-PS V-H-F
VOLTMETER DETECTOR TRANSFORMERS TAPED TOGETHER

" \ GROUNDED CONNECTIONIFOR SHIELDED CABLES)

~~~~~~~r8tE~b:::::~~A:B:L~E;SA;M;PLE::: OPEN-CIRCUITED END

PATCH CORD FROM 2 SEMICIRCLES OF 1* I I BUS WIRE
GENERATOR

2fl
k'" ---,

- f2-fl

using for the quantity (f2 - fl) the aver
age difference between sueces ive fre
quencies. As calculated, Ii, should be
very clo e to an odd integer and should
be rounded off to this integer, which is
then used in the following formula to
determine per cent velocity:

(l in ft.) x (fl in Me)
v = ( ) (.. ) per cent.2.46 x Ie, mteger
A convenient length for the cable

sample is about 25 feet, which will result
in values for (f2 - II) of around] 2 Mc
for polyethylene-dielectric cables and
around 15 Mc for polyethylene-and-air
dielectric cable. It is convenient to
choose fl in the 100- to 200-Mc range,
inee the heterodyne frequency meter i

direct reading in thi range. If much
longer cable amples or higher fre
quencie are used, successive minima
are more closely spaced percentage
wi e, and there is the possibility that k
will not be selected properly, an error
that i not easy to detect. If the fre
quency meter is not used, it is recom
mended that lower frequencies and/or
shorter cable samples be used to mini
mize this danger. The frequency range
of the TYPE 1208-B Oscillator (65-500
Mc) is adequate for most applications.

The error of measurement equals the
sum of the error in determining l and the
error in determining fl' The physical
length of the cable sample can probably
be measured with an accuracy of ±Y2
inch or better, but end effects must also

be considered. The equivalent electrical
"lenoth" (due to fringe capacitance) of
the open circuit at the far end of the
cable can be kept to Ie than X inch
and the length of cable input COilllec
tions to the binding posts kept to less
than Y2 inch with rea onable care and
for all but the large 1, cable types. These
end effects will be approximately com
pensated if X inch (or more for larger
cables) is added to the measured length
of the cable proper. All things considered,
in typical cases the error of measuring l
is about ±0.4% for a 25-foot length.
The error of mea uring frequency is ±
2% if the calibration of the TYPE 120 -B
Oscillator is used directly, but the u e
of the TYPE 720-A Heterodyne Fre
quency Meter improves this to ±O.l%.
Therefore, the over-all accuracy of de
termining per cent velocity can be about
±0.5%. Because of the variations in
characteristic impedance along the cable,
mentioned earlier, this accuracy is prob
ably somewhat better than is significant.

The measurement of twin-conductor
cables, shielded or un hielded, is made
in exactly the same way as just described,
except that two TYPE 1000-P5 V-H-F
Transformers (untuned, balanced-to
unbalanced transformers for the 50
250-Mc range) are used to connect the
generator and the voltmeter, respec
tively, to the input end of the cable
sample, as shown in Figure 10. The two
tran former are trapped together with
copper foil (to provide a common
ground) and tape, and two short serni-
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circles of umber 11 AWG bus wire
join together the balanced ends of the
transformers and are at the arne time
terminals to which the cable sample is
cOlmected. If the cable sample has a
shield, this should be connected by
means of a short, wide copper strap to
the common ground of the tran formers.

MEASUREMENT OF CAPACITANCE (C)
AND CAPACITANCE UNBALANCE17

The capacitance per foot (C) of cables,
usually required for the determination
of characteristic impedance (Zo) and
u eful in its own right for inspection
purposes and for circuit calculations at
low frequencies, can be easily measured
with very high accuracy. The high ac
curacy is de irable for two reasons: (1)
The error in Zo as determined from
measured values of velocity of propa
gation (v) and capacitance (C) is the sum
of the errors in both measurements, and
minimizing the capacitance error helps
to maintain reasonable accuracy for
Zoo (2) In the measurement of capaci
tance unbalance of shielded twin-con
ductor cables, the final answer is directly
proportional to the difference between
two, nearly equal, measmed capacitance
values, and, if most of the allowed cable
tolerance i to be utilized, accurate
measurements are essential. We have
already seen that for polyethylene
dielectric and teflon-dielectric cables the
capacitance is independent of frequency
and that MIL specifications allow the
usc of any frequency between 1,000
cycles and 1 Mc for the measurement.
In the interests of accuracy it is best to
select a low frequency, and 1,000 cycles
i usually most convenient. The TYPE
716-C Capacitance Bridge is well suited
for this measurement because of its
wide capacitance range and its high
accuracy.

The measurement of capacitance un
balance is made by connecting various
combinations of the two inner con
ductors and shield to the bridge as au t
lined in MIL-C-17B Specification.

17

For best accuracy the substitution
method is recommended. Using the cor
rection chart mounted on the panel of
each instrument, one can obtain an ac
curacy of ±0.1% or ±O. I'l'f, \\'hich
ever is greater, for capacitance values
up to 1,000 I'I'£. Twenty-five feet of 50
ohm polyethylene cable normally ha
a capacitance of about 750 I'l'f, to which
the 0.8 I'l'f accuracy figure applies. If
longer amples are used, making the
capacitance greater than 1,000 I'l'f,
the 0.1% accuracy can be maintained
through the u e of TYPE 1409 Stand
ard Conden ers. TYPE 505 Conden ers
are satisfactory for initial balancing. In
the measurement of capacitance unbal
ance, capacitance difference of Ie s
than 00 I'l'f will be encountered, and
the accmacy of ±0.8 I'l'f can be im
proved to ±0.2 1'1'£, if desired, by the
use of worm correction data supplied
with the TYPE 716-C Bridge on special
order.

Twin-conductor cables can be mea 
ured using the three-measurement
method.

The TYPE 1214-A Unit 0 cillator (400
or 1,000 cycles), already required for
the velocity-of-propagation measure
ments, is a very satisfactory generator
for the bridge, and the TYPE 1212-A
Unit Null Detector (also used in the
other measurement), with the TYPE
1951-A Filter, is an excellent bridge de
tector. No other equipment is needed.

- W. R. THuRs'roK

(To be concluded)

17Because the measurement of capacitance unbalance, a
characteristic of shic.lded twin-conductor cables, is dis
cussed in :\IIT~C-17B pecifieation, it will not bc discussed
in detail in this article.
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The equipment for the mea urements items Ii ted in previous in tallment. . In
discussed in this article includes many addition, the following are needed:

Quantity Item Price

1 Type 1214-A Unit Oscillator.. $ 75.00
2 Type 874-02 Adaptor @, $ 4.25 8.50
1 Type 874-WM 50-ohm Termination....... 12.50
J Type 874-VO Voltmeter Detector. . . . . . . . .. . . .. . 30.00
1 Type 1212-A Unit Null Detector................................. 145.00
1 Type 1201-A Unit Power Supply. . . . • . . .. . .. 85.00
2 Type 1000-P5 V-H-F Transformer @ 27.50 55.00

MOTOR DRIVE FOR Vl0, V20 VARIACS
dri\'en models, as listed in the table
bela\\'. These model do not have ball
bearings and are supplied \vithout cases.

Prices given in the table are per unit
for a minimum quantity of 5 units.
For less than 5 units, add the set-up
charge.

Type numbers are made up as follows:

-----Variac Type Ko.
~------Motor Drive

~
Traverse Timp

I
Capacitor*

I ' ~icros\Yitchp~*

V10HG3 D 16 C K S

The popular VlO ami \'20 series of
Variacs is now available in motor-

* Capacitor and microswitches nrc supplied on nil modell:i.

**Add R to all type numbers for motor-driven VIO and
V20 mod"J,;,

Ounce-in. Torque 120 240 480 240 4 0 960
Capacitor Includpd Yps Y<,s Yps Ycs Yes YP~

Mieros\yitchcs
Included Y<,s Yes Yes Yes Ye Yes

Sceonds for
320 Travpr~e 8 16 32 32 64 128

Set-Up Charge
Prorated

Variac Type 1-4 Units
Vl0 $138.00 $138.00 $138.00 $138.00 $138.00 $138.00 $12.00
Vl0G2 184.00 184.00 184.00 184.00 184.00 12.00
Vl0G3 218.00 218.00 218.00 218.00 218.00 12.00
Vl0H 139.00 139.00 139.00 139.00 139.00 139.00 12.00
Vl0HG2 186.00 186.00 186.00 186.00 186.00 12.00
Vl0HG3 221.00 221.00 221.00 221.00 221.00 12.00

V20 162.00 162.00 162.00 162.00 162.00 162.00 12.00
V20G2 236.00 236.00 236.00 236.00 236.00 12.00
V20G3 292.00 292.00 292.00 12.00
V20H 162.00 162.00 162.00 162.00 162.00 162.00 12.00
V2OHG2 236.00 236.00 236.00 236.00 236.00 12.00
V20HG3 292.00 292.00 292.00 12.00
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NEW CANADIAN OFFICE

8

To provid th be t rvice for OUI'

'anadiall customer, a General Radio
fa -tor brunch office for an:ldu, wa
01 n I AU/l:u, t l.

1'11 n w ofIi 'c i located at !)!) ]< loral
Parkway, Toronto 1-, Ontario just
i'ionth of 1 ute 401 at the Ke I • tr et
tUrIlofT. W ordially ilwite you I vi it
u: thr. Th I' will b a 'UbstL nlial
• tock of in trum nl an ila! I , which

Plww bv William No/man

\ RTIll:R KDiOsNOnrn

Plww bll ihhle7; Cripp n

Rl H.\IW PRO\A •

"'e hope that many Experimenter reader.
"'ilI tak th opportunity to ill. peet.

Thi e:oden ion of our dom ti direct
I policy ha terminat d a long and
relial a ociation with the anadian

lar('oni ompany our I' pre ntativ
for many y Ul".

Th n w ffi e i in char f Arthur
I\:in~snorth, ably a i·t d by Richard
J. PrO\'an. Both ar ,\' II kno\\TI to

anadian ngin r' and . ientist and
hay had much xp ri n with G n ral
Radio qllipm nt through th ir pr viou.'
y ar of a a 'iati n wilh our l' pre
S nlative .

The t leph n numb I' is H ITy
4-G221. Tf you ar ~ rc-ident f anadn,
y ur phon call or I UN directly to thai
office will l' criv pI' mpt and fTeclive
atL ntion.

ll('r I Badi rvice and l' pair
work \\'ill continll to b handl d by
Bayly En~in ring, Ltd., Ajax Iltario.

STORAGE BOX FOR TYPE l021-P OSCILLATOR UNITS
Th vers..'ltile TYPE 1021 ,'landaI'd

,'ignal n rator' 'over a £1' quency
rang from 40 1\le to 20 0 ",\[0 b ' m allil
f thr(' o.('illator unit and a c mmon

power _upply cal inel.
inc I he ~af storage of o. ('illator

unit not in u' has frrC[lI ntly be n a
prohl m we ar making a,'ailabl th
TYPE 1021-P10 , tara e Bo. which will
hold one ilialor unit. Thi box i
made of treat d, moi tur -1'e i tant whit
wood and i irtually dust tight.

Type Code Word

l021·P10 I 5'O'Og8 Box I nOXF:Y

Price
$18.00

General Radio Company
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THE PHASE ANGLE OF POTENTIOMETERS
USED AS RHEOSTATS

The phase angle of a variable resistor
is nearly always a problem in precision
a-c circuitry. It is no\\" becoming in
creasingly important o\\'ing to the \\"ide
spread use of this type of component in
computing and control sy terns. Im'csti
gations of the voltage phase shift in
potentiometers used as voltage dividers
haye been reported in the literature." Z

This articlc is primarily concerned \\'ith
"pots" u ed as rheostat, and, thereforc,
the phase angle is that of an impedance.

We are interested here only in the
small phase angle by \\'hich a rheostat
difTers from a pure resistallce. This vari
ation from the ideal, caused by induct
ance and stray capacitanee, is often ap
preciable at audio frequencies, lYe are
not concerned here with the large phase
angles that occur at higher frequencies.

The precise measurement of the phase
angle of a resistor at audio frequencies
has hitherto been difficult: largel.v be
cause most audio-frequency bridges use
rheostats \\'ho e phase angles may be
'~l. H. Hayes and J. L. West, "Potentiometer Charac
teristics," 'J'ele-Tech and Electronic Industrie,'1, February,
1955.
2"A-C Performance and Phasp Cornrrllsation of Cop, er
~laDdrel Potentiometers," II eli pot Technicnl Paper. 4.97.
3G. H. Haynor and L. H. Ford, "The .\-C Properties of
Resistors and Potential Divider~ at Power and Audio
Frequen{'i('~. and their )leasurcl11ent," J oUTnal of
Scientific Ini1lrurnent."J, 3, 4, .5, :\Iay, 1955.
'~L C. IIoltje aod H. P. Hall. ",-\ High-Precision Imped
ance Comparator," GOleral Radio Experimenter. :30. 11.
April, 1956,

comparable to those which are to be
measured, The new General Radio TYPE
1605-A Impedance Comparator' makes
po sible precise yet rapid mea urements
by compari on with. mall fixed resistor
of negligible phasc angle. The desire to
explain data taken \\'ith this instrument
has led to the analy es and calculations
\\'hich follow,

PHASE ANGLE CALCULAliONS
ON RHEOSlATS

Fixed Resistors: Let us consider first
the phase angle of a fixed resistor, The
familial' equivalent circuit of Figure 2 is
valid in all resistors if we consider only
small phasl.' angles.

1'11(' Q of this circuit is:
Q= w (L R-RC) - (w 3L 2C R) (1)

We \\'ill limit ourselves to values of Q
less than 0.1, so that \\'e can set:

Q = X R f"o,J (J = lan- l (X/R) (2)
whert' (J is in radians (since tan (.1) =

.1 003. \rhich is close enough for our
calcl:lations). To sho\\' that the w:3 term
is ne!1;ligible, \\'e can expre s w:1r}c/ R
as (w L R)2 (wRC), If wRC and wL/R
are l.'ach lcss than 0.1, the cubed term is
Ie s than 1 /100 of the first-order term

Figure 1. Panel view of the Type 1605-A Impedance
Comparator, used for the measurements described

in this article.
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Figure 4.

c
Figure 2.

Although, in our calculations, the vari
ation in Q is neglected when a is small,
this effect should not be overlooked if
the phase angle must be accurately
kno\\'n for small angle of rotation.
This yariation is caused by mutual in
ductance bet\\'een the turns of the \\'ind
ing. If the coupling were perfect, thc
inductance \\'ould be proportional to n2

and ai, and Q would be proportional to
a. However, the coupling extends over
only a few neighboring turns, so that,
as more and more turns are used, the
variation approaches that of the un
coupled case lI'here the inductance in
creases linearly "'ith n and ex.

Figure 3.

Rheostat with Lumped Capacitance

If ,ve assume that the stray capaci
tance is lumped across the terminals as
shown in Figure 5, the circuit may be
drawn, for convenience in analysis, as
shown in Figure 6. The Q for this circuit
is:
Q = - wcxR(C1 + C2)

+ w3a (1-cx)R3~(aC1 + C2 ) +. .. (5)
The w 3 term can be shO\\'n to be negli
gible if the first term is les than O.I.
Therefore, we can use the simple equiva
lent circuit of Figure 7 and the expression

Q = -awRC (6)
\"hcre C = C1 + C2 , which is a straight
line from the origin. When the induct
ance effect is added to this capacitance
effect, the equation become

Q = w (L/R - aRC) (7)
The second curve of Figure 3 ho\\'s the
inductive pot \\'ith added lumped ca
pacitance to illustrate equation (7).

.001

+001

+002

0:: - 0

POT.

1.0

Rheostat with Inductance Only

Figure 3 sholl's a mea urcd curve of
Q vs rotation for a 1000-ohm pot (TYPE
973K). This plot shows that, for mo t
of the range of rotation, Q is constant.
This mean that the inductance is in
creasing linearly "ith rotation. If Q is
a umed con tant, the equivalent cir
cuit i that of Figure 4, and the expres
sion for Q i :

Q= w(exL/exR) = wL/R (4)
where ex = normalized rotation

R = total re istance
L = total inductance

and is thus negligible. This would indi
cate that the effects of inductance can be
added to those of capacitance, since the
terms re ulting from the interaction be
tween the two are negligible for small
phase angles. Therefore, we can use the
simple expression

fJ = Q = w [L/R - RC] (3)
for our calculation. Note from thi ex
pression that:

(a) Q is proportional to w, and there
fore the frequcncy of measurement is un
important, except that it must be chosen
to giye Q values that are measmable
but lcss than O.I.

(b) Low-valued re istors arc inductive,
and high-valued rc istors arc capacitive.
The transition for wire-II'ound resistors
occurs usually bet\\'een 2000 and 20,000
ohm.

(c) For yalues of R "'here both term
are important. it is impossible to meas
ure Land C separately.

PHASE ANGLE OF TYPE 973K
1--+--+--+-+-11(1°9° fl-t--;---t----t-----t-----t

POT. ALONE \

1--.L-+--+---I:::±±~t'v-:±:=±~-----j-H+003~ ~ +.003 ...ll:x-~x-~x-r-- x ~ -x

9~+002 ~p...."

~~+.oOI ~

o 0
a: .5 t"®-
o -001 I ~ ~

-.OO2 r-.-1--+- POT. 5HUNTEO BY e8vvr -+--t--t----t--j-002
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ctR

(I-C(.lR

Figure 5.

C3
Figure 6. Figure 7.

Equivalent Circuits for
Distributed Capacitance

For many rheostats the assumption
that the stray capacitance is lumped
across the unit is an oversimplification.
Better results are obtained if it is also
as umed that there is capacitance dis
tributed along the winding to a con
ductor, which may be the housing, a
supporting panel, a metal mandrel, or
a shield. The total phase angle can then
be calculated as the sum of these fixed
and distributed capacitance effects. Be
cau e we are concerned with fu'st-order
effects only, we can use lumped-param
eter equivalent circuits for the distrib
uted circuit of Figure 8. The circuits of
Figures 9 and 10 give the same results as
the first-order terms of the hyperbolic
functions of the well-known transmi 
sion-line equations. The circuit of Figure
9 is the more descriptive and uses an
interesting division of the capacitance.
The second circuit, Figure 10, is sim-

pier to u e, however, since it has fewer
branches. The effective inductance of
this circuit is the result of the capaci
tance.

An equivalent circuit for a rheostat
is given in Figure 11. Here the resistance
of the unused part of the winding,
(1 -a) R, is assumed negligible com
pared to the impedance of the stray
capacitance, and the actual inductance
of the winding, aL, has been added.

Formulas for Distributed Capacitance
Effects

The shape of the Q vs a curve for
distributed capacitance effects depends
on how the conductor is connected. The
conductor could be tied to the rotor,
tied to the end of the winding, left
floating, or tied to a third terminal.
These cases can all be quickly calculated
by use of the circuit of Figure 11 and
the simple expression of equation (3)
above.

~EVENLY

~
-l -l -l J... -l -:t. rDISTRIBUTED

~APACITANCE

~ (j)
CONDUCTOR

Figure 8. Figure 9. Figure 10.

(Below) Figure 11.

CX 3R 2C

EN.e....~;9TOR

llIlll11J cxc VCXCtO-CX)C

~~---CONDUCTOR~ 2
a C O-CX)C
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(a) Conductor tied to Rotor (or unused end) Figure 12.

L1=<x L+<X 3R
2
C

6

6

(b) Conductor tied to End

R' =0: R

Figure 13.

L' =<X L +a 3
R

2
C

6

III \ (UL +~ r; c -l\
Q = w,RJ - RIC) = w,- aR - aR l~ + (l - a)CJr

(e) Conductor Floating

1.llll.J

Cd) Conductor tied to a Third Terminal
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RC'sults of measurements on a number of
standard types of potentiometers will be
publi~bC'd in a subsequent issue.
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EXPERIMENTAL CHECKS
OF CALCULATED CURVES

In order to check these equations,
measuIJements were made on pots that
had relatively large distributed capaci
tance to a conductor, so that the other
stray capacitances would be negligible.

Figure] 7 shows curves for a pot with
a metal shield wrapped around the
winding. Note that if the curves are
displaced by wL/R, they are similar to
the calculated curves. The small dif
ference could be caused by other ca
pacitances 01' iITegularities in the dis
tributed capacitance.

A good example of the floating con
ductor case is given in Figure 18, which
shows the plot of a ten-turn pot. This
unit has a metal mandrel which is left
floating. The curve is calculated (the full
scale measurement is used to calculate
C) and the measured points are shown.

-H. P. HALL

In (d) the Q given is that of the direct
impedance, Ein/lo. Note that the capac
itive arms of the network of Figure 11
have no effect.

Normalized plots of these functions
are given in Figure 16 with the induct
ance assumed to be zero. Inductance
would simply displace the curves up
ward by wL/R.
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We take plea un' in announcing the
uppointml'nt of Dr.-lng, Tlinter Kli 
lein of Ettlingen Karl. ruh(' a Gl'n-

eral Radio repre: ntativ for ermany.
omplete information on all of our

products may be obtained hy addre ing
inquirie to:

Dr.-lng. Ktisslein
Deut che Yertretung del'

eneral Radio Company
Elllingen/Yarl ruhe
Dornig\l'eg 6

Dr.-lng. Xli lein i a well-known
fi nre in electronic engineering circle,
II received the Diploma Engin or d 
gree in radio engine ring and the d 0'1' ('

of Doctor of Engin ring from th Tech
nical ni,·er. ity of B rlin, inc hi. grad
uation he ha b n a ociat d \I'ith
prominent re arch and manufactw'ing
in.titution in ermany and for orne
yean; \I'a a con ultin rr engineer in pri
\'at practice. H i th author of many
techni 'al article n lectronic matt l'

ancl ha. numerou patcnt and patcnt
applications in the electronic field to
hi credit.

Thi appointment ,va effccLiv .July
1, 19.)7.

UL-APPROVED VARIACS
We ha"c received word from the

-nckrwriter Laboratorie that three
additional Yariac are n \\" Ii l d under
their Re-examination. ervic('. Thi bring'
the number of l-L-approv d "ariac' in
th€' current model to 12. A C'omplct
Ii t of approwd model foI1O\\"':

\\-.1 W-::\1T3 "'50R\[
\Y5L W50 '1'10
,y.nI "'.-0:\1 V10:\[
W5i1IT " 50R 20

General Radio Company
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The technique for measuring the un
neutralized gain of a graded-base tran
sistor in a common-base connection is
shown in Figure 1. The coaxial-line
equipment consists of a transistor mount,
input and output matching. ections, and
d-c supply paths for po\\wing the tran
sistor. Each matching section consists of
an adjustable-length line and an adjust
able shunt stub. TYPE 87-!-K Coupling
Capacitors in the stubs prevent the
stub from short-ciJ:cuiting the bias cur
rents to ground. D-C po\rer is applied b~'

means of a feed-through capacitor,
which serves as the Short-circuiting end
of a quarter-wave stub.

Gain is measured with a bolometer
and pO\\'cr meter after the input and out
put circuits to the tran. istor are matched
to the characteristic impedance of the
line. Because the transi tor has a certain
amount of internal feedback, caused
chiefly by the collector capacitance and
base spreading resistance, precautions
al'r lleces al'y to insure the simultaneous
matching of input and output. First the
input is matched by means of the in
put adjustable line and stub with the
output terminated in a TYPE 874-WM
50-Ohm Termination. A signal generator
and slotted line are u ed to indicate the

TRANSISTOR TESTING WITH TYPE 874

COAXIAL ELEMENTS
U-H-F AMPLIFICATIONThe excellent electrical properties and

case of interconnection of General Radio
Coaxial Elements have led to their use
in many specialized testing systems at
very-high and ultra-high frequencies.
An interesting example is their use by
engineers of the Philco Corporation in
the evaluation of the high-frequency
capabilities of SBDT-12 graded-base
transistors. * With this coaxial-line
equipment, the transistors have oscil
lated at frequrncies as high as ] 100 Mc,
as contrasted with an upper-frequency
limit of 700 Mc in circuits using con
ventional lumped-constant elements.
Excellent agreement has been obtained
between measured results with the coax
ial circuits and predictions of tranlSistor
performance based on conventional meas
urements at frequencies below 300 Mc.

The TYPE 874 Coaxial Elements have
been used in the measurement of both
gain and impedance, and in the determi
nation of 0 cillation capability. Standard
elements were used for the most part,
although a few were modified for sprcific
purposes. These modifications are de
tailed later in this article.

*This work was performed in the Philco Hcscarch Di w

,~ision, in n transistor applications group under the dircc~

tion of .Tame D. Angell, by Donnld .t\. Zettel, a. f:'tudent
of the coopcrati,·c program at the Uniycrsity of Detroit,
"-orking under the gu.iclnncc of l\1ario 1\L Fortini. The
work ,''us ~upportcd in part b~' the Sign~ll Corps under
('ontract K o. DA-3G-039 SC'-46G40.

Figure 1. Functional diagram of the u-h-f amplifier.
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matched condition at the frequency of
interest. A 50-ohm termination is then
connected to the input, and the output
circuit is matched, again using the signal
aenerator and slotted line to determine
the match. This proce s i rcpeated on
both input and output until a match i
simultaneou ly achieved at each end of
the amplifier ection when the other end
is terminated in 50 ohms. The gain i
measured by first noting the power into
a 50-ohm bolometer from a matched
generator, and then noting the power
output with the matched amplifier in
serted between the generator and bolom
eter.

U-H-F OSCILLATION

Figure 2 is a photograph of the oscil
lator arrangement in which the TYPE
874 Coaxial-Line Elements are used. A
diagram of the equipment in this etup
is sho\\'n in Figure 3. The 0 cillator is in
e . ence a tuned amplifier, a described
above, in which the output is connected
back to the input through an adjustable
line. A TYPE 874-LIGO Adju table Line
is used to aclju t the phase of the feed
back. A high-pa s filter 'cction in the
feedback path is neces ary to prevent

J

oscillation at some lower frequency.
In practice, the oscillator is adjusted

as follo\\' . First the input and output
are tlmed to some particular frequency,
a de cribed in the above section for the
amplifier. If a gain @;reater than unity is
obsen'ed at this frequency the feedback
path is closed from output to input. The
presence of 0 cillation i detected by a
change in the tran i. tor collector cur
rent as the phase in the feedback path
is adjusted. The frequency of oscilla
tion i. measured with a super-hetero
dyne receiver coupled loosely into a
TYPE 874-LR Radiating Line in the
feedback path.

In order to determine the maximum
frequency of oscillation, the above pro
cedure is repeated at progressively higher
frequencies. Kormally the process con
verges very rapidly, since the amplifier
gain varies at a rate very close to -6db
per octave of frequency in the range of
interest.

Oscillation frequencies in excess of
1100 Mc have beC'n obtained on develop
mental graded-base transistors of the

BDT-12 variety. In general, between
200 and 400 11c can be added to the
maximum frequency of 0 cillation when
the coaxial-line technique are employed
in preference to pseudo-lumped-con
stant circuits. The maximum frequencies
of oscillation determined with the coax
ial-line equipment have agreed very
closely with extrapolations of gain
versus-frequency plots of the tran
'istors under test, with the gain be
lo\\' 300 Mc measured in neutralized,
common-emitter, lumped-con tant cir
cuits.

Figure 2. View of the u-h-f oscillator setup.
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Figure 3. Functional diagram of the u-h-f ascillator.

SPECIAL COMPONENTS
FOR U-H-F TESTS

Four special components were re
quired in the above test. All of these
components ,,-ere readily fabricated
from yariou components of the TYPE

74 line of coaxial equipment.
The Tran isior Jlollnt i hown in

Figure 4. It ,ms as embled from a modi
fied TYPE 874-vYX3 hort-Circuit Ter
mination and a TYPE 87-i-B Basic Con
nector. A hield at the middle of the
mount i olate the input from the out
[)lIt eircuit. The base lead of the tran
sistor is grounded to this . hidd. The
transistor can is grounded to th(' outer

conductor of the mOilllt. The emitter
and collector leads are tied to the center
conductors of the input and output con
nectors respecti vely.

Line Stretchers were r('quired for both
the input and output circuits. It is neces
sary that these line be of the shorte t
length possible for the desired impedance
transformation, in order to minimize the
possibility of·puriou 100r-frcquency
modes of operation. The input line
stretcher i fortunately achieved, in the
thousand-megacycle range, by a partial
disengaging of the COllJH'ctors between
the transiRtor mount and the input
matching stub. The output line stretcher

Figure 4.
Transistor

mount.
Figure 5. Modified adjustable

line (line Stretcher). Figure 7. D-C supply termination.
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COr-HOI
- ·_"("~·C'~CUIT

COll(IAL
CUlER CO,<O\.JCTOII-..

Figure 6. View and diagram of high-pass filter.

is some'Yhat longer, because of the neces
sity of matching; a higher YSWR. The
5-centimeter line stretcher, which is a
shortened form of t he standard TYPE
87-!-LA Adjustable Line, is shown in
Figure 5.

IIigh-Pass fi'1:lters for the feedback
path were formed au t of TYPE 87-1--1' Tee
Connectors. Each of the filters includes
a series coupling capacitor in both the
input and output center conductors, to
gether "'ith a shunt stub, whose lenp;th
is adjusted to resonate with the series
capacitors at a frequency sommdlat be
low the intended frequency of oscilla
tion. The series capacitors were formed
by usc of a thin sleeve of TeHan, as
shown in Fip;nre (3; the area of this co
axial capacitor \\"as adjllst-ecl to pro
duce a capacitance of 5 p.p.f, which gave
the uesirecl impcdance level at the cut
ofT frequency.

The d-c feed element consists of a feed
through 1500-p.}J.f, disk-ceramic capacitor
in a TYP1~ 874-B Basic Connector, as
shown in Figure 7. This mount pro
vides a hart circuit to high-frequency
current at the position of the capacitor.
A quarter-wave stub is formed from an
appropriate length of line with the ca-

pacitor at its end; thus the addition of
the d-c po\\"er does not affect the a-c
configurn.tion. In order that the d-c
pOI\"er be kept from the signal generator
and the bolom<:'ter\\"hen amplification
is measlll'ed, TYPE 874-K Coupling
Capacit"ors are used in the input
and output circuits. For the oscilla
tor, only one blocking capacitor is re
quired in the feedback path in order
to keep the collector supply isolated
from the emitter supply; the capaci
tors in the filters normally provide tbis
isolation.

ADMITTANCE MEASUREMENTS
The TYPE 874 Coaxial-Line Equip

ment has also b<:'enused for the determi
nation of :"hort-circuit input and ont
put aclmiH:mces of transistors in the
u-h-f range. The impedance measme
ment at the terminal of interest is made
through the use of the slotted line ancl a
transmission-line chart, by measurement
of the vswn, refening back to the po
sition of the transistor terminal. An ac
curately known short circuit is estab
lished at the other transistor terminal
through the use of a half-wavelength
short-circuitecl s<:' tion of coaxial line.
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Figure I. View of Type 50S Capocitors showing the
two case sizes and the arrangement of terminals.

MORE NEW CAPACITORS
In a recene issue of the EXPERI

MENTER, new designs for laboratory
standard mica capacitors were an
nounced. These design improvements
are now extended to the less-precise,
lower-priced TYPE 505 Capacitors and
to the decade capacitors in which TYPE
505 Units are used. In the decade ca
pacitors a new switch, and in the
decade assemblies a redesigned cabinet,
offer additional advantages.

TYPE 505 CAPACITORS

The silvered-mica electrodes and other
improvements embodied in the new
TYPE l±09 Standard Capacitors' are
nmy available in the TYPE 505 Capaci
tors, and these units are now manu
factUJ'ed to new and considerably im
pro\"ed specifications of tolerance and
dissipation factor. The capacitors are
lEa~t~n and ::\lcElroy, "New, ~ih·crcd "lica, Standard
Cap3f·ltOrS, TYPE 14.09," Generftl RruJ:io EXjJeriJl1enler, 32,
2, .July, 19':>7.

Figure 2. Panel view of the Type 1419-K Decade
Capacitor.

housed in 10\\'-10ss molued-phenolic cases
and are equipped with both screw- and
plug-type terminals and with flanges
for mounting. They are used both as
laboratory "secondary standards" and
as circuit clements in measuring equip
ment as, for example, in a number of
General Radio bridges in the I-percent
accuracy class.

Dissipation factor of the e units, in
the 1000-ILlLf and higher sizes, does not
exceed .0003. The losses in the phenolic
case increase the dis. ipation factor
slightly for units of 500 ILlLf and smaller.
Leakage resistance is 5000 megohm
microfarads or 100,000 megohms, "which
ever is the lower. The first figure repre
sents the performance of the mica, while
the second represents the phenolic case
and is controlling below 0.05 "L

The same high-qnality sih"ered-mica
sheets are used in the construction of
the TYPE 505 Capacitors as are used in
the TYPE 1409 Standard Capacitors.
Accuracy of adjustment is ± 0.5%, in
contrast to the 0.1% adjustment of the
TYPE 1409. The lo\\"er aceurae.v and the
less-expensive packaging result in a unit
that sells at a priee su bstantially lower
than that of the l±09', but whose char
acteristies and stability are entirely ade
quate for many laboratory, production
line, and instrument appliraJions.
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SPECIFICATlONS

Accuracy: ±0.5% or ±3ILIL f, whichever is the
larger.
Temperature Coefficient: Approximately
+0.0035% per degree Centigrade between 10°
and 50° Centigrade. Calibration is made at 23°
c., at a frequency of 1 kc.
Dissipation Factor: 0.0003 for 1000 ILlLf and
higher; 500 ILlLf, 0.00035; 200 ILlLf, 0.0004; 10(1
ILlLf, 0.0006.
Frequency Characteristics: Sec plots belo\\". Series
inductance is approximately 0.055 ILh for units
in small case and 0.085 ILh for large case. Series
resistance at 1 Mc is approximn-tely 0.03 ohm
for smaU case and 0.05 ohm for large case,
var~ring as squal'c root of frequency above
100 kc.
Leakage Resistance: Greater thall 100,000 meg
ohm~, \\"hen measured n-t 500 volts, except for
the TYPES 505-T, 505-D, and 50S-X, for which
it is greater than 50,000, 25,000, and 10,000
megohms, respectively.
Maximum Voltage: See tabfe. At higher frequen
cies the allowable voltage decl'eases mId is in
versely proportional approxim'ttely to the
frequency. These limits correspond to a tr-m-

perature rise of 40° Centigrade for a power
dissipation of 1 watt for the small ease n-nd 2.5
wn-tts for the large case. .

Terminals: Screw terminals spaced ~ inch apart.
Two TYPE 274-P Plugs are supplied with

-each capacitor. High terminal (inside foil) is
marked H.

Mounting: Mica-filled, low-loss phenolic case~.

Dimensions: See sketch. OVCl'-all height., 1%
inches ror large case, 1 inch for sn'lll,U case,
exclusive of plugs.

2 MTG. HOLES
NO.18 DRILL
IN LA RGE CASE

Figure 3. Dimension sketch of Type 505 Capacitors.

Type Capacitance
J1aximwn
Peak Volts

F1·equency·
Limit/or

Max. Volts
Weight in

Ounces Code Word Price

505-A 100 ILlLf 700 12Mc 4 CONDENAJ.LY $ 8.00
505-8 200 ILlLf 700 7 4 CONDJ'lNBEl,J, 6.50
505-E 500 ILlLf 500 3.5 4 COND1,NCOA'l' 6.00
505-F 0.001 ILf 500 2 4 CON m,N DHA1VI 6.00
505-G 0.002 ILf 500 1.1 5 CONDENT,YRE 6.50
505-K 0.005 ILf 500 500kc 5 CONDENI'ACT 6.50
505-L 0.01 /lof 500 320 5 CONDl,NGI,RI, 8.50
505-M 0.02 ILf 500 200 6 CONDENHEAD 9,00

*S05-R 0.05 /lof 500 100 11 COND}....·rCALM 13.50
*S05-T 0.'1 ILf 500 50 12 CONDE:-iCIIO'\" 16.50
*505-U 0.2 ILf 500 25 13 CONDF;NWIPF; 24.00
*505-X 0.1i ILf 500 10 15 CONDEN\\·,r:r 52.50

*~1ounied in hrge case.

lOMe IOOMc'M'IOOKeIk'

.01,---,---,---,--- r--rr-,

.001

.oooor''---J.-----'-----'-----'----L----'------'
10e 100e

10,-----,---,---,------,-,

.OIIO=-'----::"~O-,---,!Ik'-,----,'0""-'---,IO"'O,..."----,'ML'----,;'O"'M-'--:",,=::M,

101---j----!---+---/-4-1'--/+-1--+----1..
~Iu

Figure 4. (Left) Change in capacitance as a function of frequency for Type 505 Capacitors. These changes ore
referred to the values which the capacitors would have if there were neither interfacial polarization nor series
inductance. Since the capacilors are adjusted to their nominal values at 1 kc, the 1-kc value on the plot should
be used as a basis of reference in estimating frequency errors. (Right) Dissipation factor as a fundion of

frequency.
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THE TYPE 980 SWITCH
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By the use of an appropriate switch,
four individual capacitor units can be
paralleled in various combinations to
provide a decade sequence from 1 to 10.
The new TYPE 980-P1

2
Switch, replacing

the former TYPE 380-P3, is designed for
this purpose. The switching sequence is
designed for the use of a 1-2-2-5 series
of capacitance values. This combina
tion was selected from the several avail
able ones to utilize for the decades the
same nominal capacitance values that
are stocked as individual units. The

operating principle of the switch is the
same as that of its predecessor, employ-

. ing sequential paralleling actio.n by
means of leaf springs, which contact
the common rotor by the action of
shaped caIns. The outstanding character
istics of this new switch are the low
capacitance, extremely low dielectric
losses, and very high leakage resistance,
all obtained by the use of cross-linked
(thermosetting) polystyrene in the sup
porting structurc and shaft.
2 Actua lIy in u:;c for several years, bu.t not hitherto an
nounced in the Expcri'1lwnler.

Type Code Word Price

980-Pl I Switch...................................... I SWL'I'CHJHltu $11.00

THE TYPE 980 DECADE

The new switch and the improved
TYPE 505 Capacitors are combined to
make the new TYPE 980 Decade Ca
pacitors. The low losses of these "dec
ades" make them suitable for use in
a-c bridges, resonant circuits, and filters.

Figure 5. View of the Type 980-F Decade Capacitance
Unit.

CAPACITANCE UNITS

Figure 6. Dimension of Types 980-F, -G, and -H
Decade Capacitor Units.

In a resonant circuit, for instance, the
Q of 3000 is sufficiently high relative to
losses in practical inductors that the
capacitor loss can usually be ignored.
The high leakage resistance makes them
useful in many d-c circuits. Two new
decades are now available, the TYPE
980-G and TYPE 980-H, 'with capacitance
steps of 0.01 J.Lf and 0.001 J.Lf, respec
tively, in addition to the older TYPE
980-F, which has O.l-J.Lf steps.
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SPECIFICATlONS
Electrical specifications arc the tiame as those
for TYPE 505 Capacitors.
Dimensions: See sketch.

Net Weight: TYPE 9S0-F, 3 pounds, 12 ounces;
TYPE 9oo-G, 2 pounds; TYPE 9S0-H, 1 pOlUld,
10 ouncc.'i.

Type Code Word Price

980-F
980-G
980-H 1

1.0 pf in 0.1 pf steps : '1
0.1 pf in 0.01 pf steps .....••.•.............
0.01 pf in 0.001 pf steps .

.-\Cl;TE

.-\\'0\\"0

A \I'AIT

$128.00
60.00
45.00

SPECIFICATIONS
Dimensions: (Length) 14;li x (width) 5Y2 x
(depth) 6716 inchrs, over-all.

Net Weight: 11 powlds, 9 ounces.

3" Jew Decade Capacitors with Polystyrene Dielectric,"
General Radio Experimenter, 31, 2, July, 1956.

TYPE 1419-K DECADE CAPACITOR

quality, molded mica capacitors spe
cially made by a leading manufacturer;
the new model uses the TYPE 505 Ca
pacitors, described above, throughout.
The new, low-loss switches are, of course,
used. The result is a threefold reduction
in dissipation factor on these decades.
As to stability of capacitance value,
observations to date suggest constancy
of capacitance, well within 0.1% for
a period of several years and quite
probably indefinitely, since no sys
tematic drift in capacitance value ap
proaching this figure has as yet been
observed.

The TYPE 1419-K is housed in an
aluminum cabinet, similar in design and
appearance to the companion TYPE
1432-Decade Resistors and TYPE 1419-A.
Polystyrene Decade Capacitor.3 As with
all G-R laboratory components an
nounced recently, three terminals are
provided to permit use as a grounded
two-terminal device or with case only
grounded and both active terminals
above ground.

Figure 7. Interior view of the Type 1419-K Decade
Capacitor.

An assembly of individual decade
units, traditionally referred to as a
"decade box," is a basic and popular
piece of laboratory equipment. The
Typ]~ 219-K Decade Capacitor, a fIxture
in the General Radio catalog for a great
many years, is now replaced by a new
and improved model, TYPE 1419-K.

The previous model used for the
.01 pf- and .001 pf-pel'-step decades high

Type

1419-K I 1.110 pf in 0.001 pf steps .....•••••........... I
Code Word

CI~EEK

Price

$255.00

NOTE: Other preyiously listed TYPE OSO Decade Capacitance Units and TYPES 219 and 1419 Decade Capacitors arc
still ayailable. These inC'ludf' the TYPE 219-:\f De<'adc Capacitor ~\nd the TYPES 9SD-r.., -1'1, and -N Decade Ca
pnc·it:lIlrc Units.
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REDUCING TRANSFORMER NOISE
WITH THE SOUND-LEVEL METER

Figure 2. Amplitude and phase response of the
Type 76O-B Sound Analyzer.

Users of General Radio equipment
often devise ingenious ways of applying
their instruments to specialized prob
lems. A good example of this ingenuity
is reported by Mr. Theodore R. Specht,
design engineer, Transformer Division,
Westinghouse Electric Corporation in
Sharon, Pennsylvania.

Mr. Specht was faced with the prob
lem of determining whether the vibra
tions in a transformer core had resonant
modes or were random. If the core is
resonant it will vibrate in modes that
cause high sound levels about the core.
A combination of the General Radio
vibration-measuring equipment and an
oscilloscope, as shown in the block dia
gram in Figure 1, were used to make
the determination.

A TYPE 759-P35 Vibration Pickup and
an integrating-circuit Control Box con
vert a Sound-Level Meter to a vibration
meter. The TYPE 760-B Sound Analyzer,
which is a narrow-band, tunable ampli
fier, is used to evaluate the fundamental
or anyone of the harmonics of the vibra
tion under study. In this case, the funda
mental is twice the transformer test
frequency.

TRANSFORMER
UNDER TEST

Figure 1. Block diagram of the vibration-measuring
system.

The output of the analyzer is applied
to the vertical deflection plates of the
oscilloscope. A linear horizontal time
sweep synchronized by the test fre
quency source is used. If the test fre
quency is 60 cycles, the oscilloscope can
be synchronized internally by· line
synchronization.

If the analyzer is tuned to the peak
of the vibration fundamental or one of
its harmonics, its output will be nearly
inverted in phase with respect to its
input. From the response curve of the
analyzer, shown in Figure 2, it can be
seen that if the analyzer is tuned to
within 0.2 db of the peak of an input
signal the phase of this signal will be
within ten degrees of being exactly in
verted with respect to the output signal
of the analyzer.

Since relative phase measurements are
desired, the problem of determining
absolute phase shift in the complemen
tary equipment is ignored. The vibra
tion probe is placed at different core
locations, and the resulting oscillo
scope patterns show phase differences
of the vibrations at these locations. If
the transformer core is mechanically
resonant, the vibration pattern will
follow one of the usual modes with zero
or 1800 phase difference between various
places. Design changes must be made if

o
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re onanc i pre nt. If the vibration.
are out-of-pha e at differ nL locatioru
eparat d by distance~ much Ie than

a half wavelength in air for the fre
quency in que tion, the tral former
will radiate a minimum of noi. e. Th

ound-Leyel ~Ieter used in th "normal"
fa hion may then bud to determine
the eITectivene of de. ign change by
a m a W"ement of the ound level at a
tandard di tance from the operating

tran former.

HIGH-SPEED SOUND-LEVEL RECORDER
ound Apparatu ampany manu-

facturer of Graphic R corder ,ha. 1'

cently improved its Dynamic High-
pee 1 ound-L('v 1 Rer rder, lad I
L-2, with petial cmpha i. all ound

noi e, and vibration measurement.
Design f<,atnre include adju:·table writ
ing speed by a patented Ie tl'onic feed
back ystem; pu h-button scI ction of
chart sp ed; scale fUll,tion in linear
de 'ibel, or loudne s (phon) are available.

Th photograph show. Model L-2b
connect d to th General Radio TYPE

155] - \. ound-Level ~Ieter. '''ith thi

impl tup the mo t complicated
acoll. tical mea. uremenL' can be 1'

corded rapidly and accurately.
De cl'ipti\' literatnrl:' i available from

oundApparatu Company 'tirling •.J.

VARYING THE RISE TIME OF THE UNIT PULSER

The occasion sometim arises when
i i de irable to be able to vary the ri e
tim of a t ·t pul 'C, Till i' particularly
important \\'hen t ting cire'uitry that
is de i ned to handle pul e, which may
have a wide yariety of ri'e tim . \.
'imple external modification can be

mad to the TYPE 1217- \. -nit Pul er
to permit th election of a number of
predet rmined 1'i e time. To do till,
imply connect a trimmer capacitor be

t,,' en the cahinet ground and the OVER

HOOT cre\\' adju tment. With thi et
up the follo\\'ing can be d velop d:

Pulse Width HiRe Time Decay Time

1 !.lsec up to 0.25 !.lsec up to 0.3 !.lsec

2 !.lsee up to 0.5 !.lsec up to 0.3 !.lsec

5 !.lSCC up to 1.0 !.lsec I up to 2.0 !.lsee

With incren,,; d pulse width he limit for rise and decay ime ar correspondingly greater.

General Radio Company
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in Ihe left-hand rack jusl
above the inclined panel.

EAST COAST:

MIDWEST:

WEST COAST:

CANADA:

REPAIR SERVICES

General Radio Co., Service Depl., 275 Massachusetts
Ave., Cambfidge 39, Mass.

Telephone - TRowbridge 6-4400
General Radio Ca., Service Depl., 6605 Wesl Norlh

Ave., Oak Park, U1ino;'
TeJephone- Village 8-9400

Western InslNmanl Co., 826 North Victory Boule-
vard, Burbank, Calif.

Telephone - VIctoria 9-3013
Bayly Engineertng, Ud., Ficol St., Ajax, Onlario
Telephone - Toronlo EMpire 8-6866



3 NOVEMBER, 1957

AUTOMATIC TESTING OF PRINTED-CIRCUIT
COMPONENTS FOR THE IBM SAGE COMPUTER

The testing of component values on
printed-circuit (,'ards at the Kingston,
New York, plant of IBM's Military
Products Division is carried out by
a completely automatic tester. Tills
test system, devised by IBM engineers,
is one of the most interesting of the
many existing automatic test systems
in which the General Rad.io TYPE 1605-A
Impedance Comparator is used. The
covel' photograph shows the tester in
operation.

In the Automatic; Tester, each com
ponent is sequenced individually throngh
its appropriaie test by means of internal
punched-card programming. The com
ponents on the printed-circuit card
being tested are compared either "'ith
those on a precision-built master card
or ,,-jth built-in standards of resistance
and eapacitance. Each component is
tested statically in order to locate com
ponents near end-of-life which m.ight
easily pass undetected through a nmc
tional test. When a component fails to
fall within the prescribed limits an er
rOl' indication occurs.

The automatic tester consists of
measuring equipment, a program unit,
card fi'\.-tures, a stepping switch, and
error-detection circuits. The measuring
equipment consists of two bridge, a
peak detection circuit, and a General
Radio Impedance Comparator, TYPE
1605-A.

The program unit is a modified IBM
drum-type reader which uses standard
IBM punched cards to indicate which
tests are to be used for a particular
component, while at the same time
setting the limits within which the com
ponent value should falL Flexibility of

programming allows more than 500 dif
ferent printed-circuit cards to be tested
merely by use of the appropriate pro
gram cards. Two drums, each contain
ing a punched card, are used to pro
gram the sequence of tests.

There are two printed-circuit card
fixtures, one for the card to be tested
and one for the master card. In the
operation of the tester, the operator
needs only to insert the cards into the
fixtures and start the tests. The rest is
automatic. The stepping switch com
pletes circuits from the component to
be tested to the appropriate measuring
equ.ipment for each step of the program
sequence.

Within the I-second test cycle for
each individual component, the sequenc
inl!; is accomplished by a series of pulses
which perform the functions of stepping,
program reading, test selecting, test
pulsing, and resetting. The error-detec
tion circuit is designed to turn off the
pulse generator in the event' of a com
ponent's failure to pass the test.

Components in series or in parallel
combinations can be tested easily since
the tester can take advantage of all
terminals on printed-circuit cards. The
components which can be tested by this
automatic tester are resistors from 10
ohms to 20 megohms, with 1.1 percent
accuracy; capacitors from 100 micro
microfarads, with 2 percent accuracy;
inductances and impedance magnitudes
from 2 ohms to 2 megohms, with 2 per
cent accuracy; IBM-type W, Y, and Z
diodes for opens, shorts, and back re
sistance; and transformers for turns
ratio, coupling, shorts, and opens.

Designed to check one component per
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second, the te tel' is capable of checking
the mo t complicated printed-circuit
card in 3 econd, a con iderable im
provern nt over manual te ting tech
nique.

EDITOR'S NOTE:

For the information in the above
article we are indebted to th Kingston,

ew York Plant, International Busine
Machines Corporation.

THE TYPE P-583 EMERGENCY POWER SUPPLY
FOR

THE TYPE 1100-AP PRIMARY FREQUENCY STANDARD

ontinuity of ervice is an important
considcration in many application of
thc TYPE 1l00-AP Primary Frequency

tandard. This is particularly truc of
those installations where timekceping
i thc primary function of the standard,
a in a lronomical observatories. To
a ure thi continuity an emcrg ncy
pow I' 'upply furni hing auxiliary a-c
p weI' in th event of line failw' i
need d. ne uch upply u iug a bat
tery-operat d dynamotor ha been de-
cribed pI' violl I)'.'

Becau e rotating machine ar l' la
lively .low in tarting, a vibrator-typ
invert I' \\'hich tart much morc rap
idly i u 'ed in the ne,v TYPE P-
Emcrg ncy Power upply. The inverter
op rat from a 32-volt tOl'age batt ry,
which i maintained on trickl -charO'c:
The output of the emergency supply i at
115 volts 60 cycles. A tran former i pro-

Figure 1. Panel view of the Emergency Power Sup
ply, which is designed for relay-rack mounting.

vided in the cmergcncy upply so that
thc frequency tandard can be operated
at 115 volt from either 115-volt or
230-volt power ervicc. The service fre
quency can be cithcr .50 or 60 cycles.
Figme 2 is an elemcntary circuit sche
matic.

"Gpon failure of thc 115/230 volt, 50
60 cycle a,-c po\rer upply, the relays
in the TYPE P-5 3 EmcrO'ency Power

upply operate (1) to connect the vi
brator type im'crter to the battery and
(2) to transfer the power input terminals
of the frequency tandard to the output
of the im·erter. Thi changeover i ac
compli hed 0 rapidly that if the fre
quency tandard i in normal operating
condition no interruption in operation
of the TYl'E 1l03-A yncronometer
occur.

If the 1 kc synchronou motor of the
TYPE 1l03-A yncronometer i not in
average mechan'ical condition,' addition
of capacitors to th powcr supply filter
will insure continuou. opcration during
the changeovcr. To pro"iclc this margin
of safcty, additional capacitors are pro
vided, \,ith direction for installation.

l"EnlCrgency Power Equipm('nt £or Fr quency Stand
a.rds," Groeral Radio Experinunter, 2.\, 11, April, 1951.

2Batt('ry and rhargin~ CQuipmcnt an.' not included \\;th
the Tn>e P-; :1 Emergency Power upply. but must be
furnished by the ""er.

,,\ simple coasting test will indicate tbe eondition of the
ynrronometer, a outlined in the operating instruction

for the Emer~('nr:rPower Supply.
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If the TYPE P-583 Emergency Power
Supply is pmchased with a TYPE 1l00
AP Primary Frequency Standard, these
capacitors are installed at the factory.

On resumption of the 115/230 volt,
50-60 cycle a-c supply, the relays of the
TYPE 583 Emergency Power Supply
operate (1) to disconnect the inverter
from the battery and (2) to connect the
power input terminals of the frequency
standard to the output of the 115/230
volt line transformer.

In order to assure reasonably uniform
"pickup" and "dropout," voltages for
the operation of the relays, a tapped
transformer is provided. The tap con
nection should be made to the tap cor
responding to the average line voltage
at the location of the standard.

Terminals are provided at the rear
of the unit for connection of (1) the

NOVEMBER, 1957 ~

32-volt battery, (2) the 115/230-volt
50-60 cycle a-c power line, and (3) the
power connection to the frequency
standard. A transformer is provided
within the unit for changing from 115 to
230-volt service. The jreqtlency standard
is operated at 115-volt supply at all times.
'When the power system is 60 cycles, the
frequency of the supply to the standard
is the same on both normal and emer
gency supplies. If the power system is
50 cycles, the standard operates on 50
cycles on normal supply and 60 cycles on
emergency supply. This change in supply
frequency causes no difficulty.

The TYPE P-583 Emergency Power
Supply is not limited in its applications
solely to the General Radio Frequency
Standard. It can operate any 115-volt,
60-cycle equipment within its continu
ous power rating of 180 watts.

SPECIFICATIONS

Input: 115/230 volts, 50-60 cycles from power
line: 32 volts, 7 amperes, from battC'ry.

Output: 115 volts, 60 cycles, 180 watts con
tinuous.

Accessories Required: 32-volt battery, 120 am
pere-hour capacity.

Dimensions: Panel, (length) 19 x (hC'ight) 10j/z
inches; depth behind panel, 13 inches.

Price anel elelivery will be quoteel on request.

~---------------------<:>32·voll

~------------------ooBATTERY

lllEINPUT FROM
A--C LINE
115/230v
50-60 rv

L--+-------+-+-__-o A-C OUTPUT

TO STANDARD
L--------------------'"-----<:>115v 60 rv

INVERTER
1/5v 60 rv

Figure 2. Elemen
tary schematic of
the Emergency

Power Supply.
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DISTRICT OFFICE PERSONNEL
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Life in General Ractio's rapidly ex
panding •'ales Engineering Department
is seldom a static exi tence. Our sales en
gineer starts his career at the main office
in Cambridge with a training course
that includes experience in all the oper
ating department of the compan~', with
special empha i. on both development
and sales engineering. Later, he will
probably mow' (i)ut to one of the se\'en
district offices - K 0\\- York, Philadel
phia, "'a. hinglon, Chicago, Los Angeles,

an Franeiseo, or Toronto. Further
progress may entail tran 'fer to another
office, an office manager' post, or even
tually, reLurn to Cambridge ,,-ith in
creased re 'ponsibility and scope for his
talents.

1957 has s('('n a number of transfer'
among our sale" engineering personnel:

Fred Ireland, for many years manager
of our Los Angeles office, returns to the
main office at Cambridge a Exhibits
Manager, ,,-here he will plan and ,",uper
vise our rapidly expanding program of
t rude show exhibits and traveling
show. His new job "'ill take him fre
quently to all parts of the country.
:.\11'. Ireland came to General Radio in
] 934 after receiving his A.B. degree in
phy. ics from Han·ard. After three veal'S
in instrument development and sales
engineering at Cambridge, he became

manager of the Xew York office. In 1940
he \ms made manager of the Los Angeles
office.

William n. (Bill) Sa~'lor) former man
ager of our Wa hington office at SilvC'r
Spring, Maryland, is no,,- manager of
our Los Angeles office, replacing 1\11'.
Ireland. 1\11'. aylor, who received his
S.B. and S. 1. degrees from the 1assa
chu 'etts Institute of Technology in 1937,
came to General Radio in 1943, after
three year in industry and three year:
in teaching. lIe became Manager of thf'
Washington office in 1954.

C. William (Bill) Harrison takes OV('I'

the Washington office, after two years
as a sales engineer at the Cambridl!:('
office amI t,,-o ~'ears in the -0\\' York
office. :\11'. HaITi. on received his B.t). ill
Electrical Engineering from Korth"'esL
ern "Cnivcr ity in 194G. lIe spent the
years 1946 and 1951-.'):2 in the F '.

T avy with the rank of lieutenant and
was with the General Electric Company
from 1948 to 1951. He came to General
Radio in ]953.

Leo J. Chamberlain goe from Cam
bridge' to replace 1\11'. Harrison at tl1<'

T e'" York office. 1\11'. Chamberlain 1'('
ceived his B.S.RE. degree from Cornell

niversity in 1953. After serving t\\"{J
years in the t'. S. Kavy (Lt., j.g.), 11('
joined the General Radio ales Engi-

Bill Saylor Bill Harrison Leo Chamberlain Peter Bishop
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neering group m
1955. lIe ha toured
extensively in the
Eastern States with
General Radio's
traveling exhibits
and is the principal
author of GR-rln
Engineer's Com
pany, which de-

Fred Ireland, scribes sales engi-
neering opportuni

ties at General Radio. He has also
been active in the affairs of the Bo ton
Section, Institute of Radio Engineers,

NOVEMBER, 1957 ~

and has conducted a monthly column
in the section publication, The Reflec
tor.

Peter Bishop, reccnt Cambridge ales
engineering trainee, al 0 goes to tl1('
~ew York office. ::'11'. Bishop received
hi .B. degree in ElectJical Engineering
from the :;Ua achu. etts In titute of
Technology in ]95.J-. After two years a
a lieutenant in the U. S. Arm.v Signal
Corp , he joined the General Radio or
ganization in 1956. For the pa t few
months at Cambridge he ha been en
gaged in dc\"elopment \\·ork on a tran,
admittance meter.

NEW TELEPHONE NUMBERS FOR GENERAL RADIO

TORONTO OFFICE
For the convenience of our Canadian

custon1('rs \ye ha\'e incrcased thr tele
phone faeilitic, at our Toronto office.
Three lines are now available. This

change has also neee sitated a change
in the telephone number. XC',," numbC'r,
are:

CHerry 6-2171,21,2,2173.

TECHNICAL TRAINING OBSERVATOUR
Ad. Auriema, 1ne., (;C'Jleral Radio's

distributor for Latin America, Spain,
and Portugal, haH instituted an "Ob-
en·atour" to gi\"e their agents and statTs

throughout the world first-hand informa
tion on t"nitcd tates manufacturers'
newest teehniques in production, mer
chandising, and managing.

The first ObsClTatour held several
years ao-o wa. general in scope but
tressed sales and managemC'nt. During
eptember 1957 the second tour stressed

production methods and engineering
de\"elopments. In the course of thr tour
the group tran'led approximately ()800
miles and vi ited 23 manufaeturing

plants in 19 major cities in the United
States from coast to coast.

General Radio ',"a. happy to play
ho. t to a group of tbese engineers who
are responsible for selling GR product
in their respecti\"e countries. They "'ere
eseorted b~T MI'. N. Lampert of Ad.
Auricma's 1\ell' York Office and spent
one and a half day at our Cambridgr
and Concord plants.

\lthough the limited time \\"ould Hot
permit complete tours of e\'ery part of
the company, lectUl'es and demonstra
tions were set up to aequaillt tbe group
with details of Caneral Radio's produch:;
and manufaeturing processes. Hmmd-
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General Radio Vice-President D. B. Sinclair details engineering developments to the Observotour visitors:

Mr. A TlLO CASSIET, from Buenos Aires; Mr. ANDRES LARA SAENZ, from Madrid; Mr. N. LAMPERT. Ad.
Auriema, Inc.; Mr. JORGE NASSAR, from Medellin, Colombia. General Radio's Export Manager, S. W. DeBlois.
is at the for right.

table di. cussion. werc al '0 arranCTpd ,0

that . pecific problems ('ould 1)(' rp
sol\·cd.

Th b:ernttour has rcrtaiI11~' pro\'ed
to b a wondprful means of k{'eping
manufaclurers and their exp lrt dis
lributol" !>ettN arquaint d and more
a\HU'e of earh other'l;' problems. leneral
nadio ha, always I een pI a cd Lo have

r<.'prc,entatiw of it.. xport di:tl'ibut r::>
or any of th ir l:ustomcr: \'if'it am
bridge at any Lim to obtain fir. t-hand
information. And of ('oursp such all in
\"itaJion i not limit! d to xport cu.
tomer:. A lit tIp ad\"anC' not ire of any
forthcoming \·i .. it \\·ill nat urally facili
tate arrangem<'llts to lltwp any specific
problem' C'o\"pl'{'d.

General Radio Company
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ON THE TRACKING OF SATELLITES

TlM[ - (ST, ocrOS(R 20,1951

2Thi, procedure is described in the letters of Reference 1.

Figure 1. Measured frequency shift of signol from
Sputnik I.

(1)
c 1

of clocks standardized against WWV
time signals. More elaborate techniques
using tape recorder were considered,
but this simple technique was suffi
ciently good to give useful re ults.

The simple Doppler equation used for
the calculation of distance is based on
straight-line motion and is:

±fov
/:1f~ ----,======

+C~J

...

..

..

where
/:1f is the frequency shift
v is the velocity of the satellite
c is the velocity of light
fo is the mean frequency of the

observed signal
/:1t is the time relative to the time

of closest approach
D is the distance of closest ap

proach (slant range).
This equation can be analyzed to find

the distance in terms of the total fre
quency shift and of the rate of change
of frequency at the time of closest ap
proach! But, in order to obtain good
accuracy from the data, some refine
ments \yere introduced.'Letter. to the Editor from the Lincoln Laboratory,

~f.I.T., and the Stanford Research Institute appeared in
the :-<oyember, 1957, issue of Proceedings of the IRE.

The technical press has carried re
cently several letters' and articles about
Doppler-shift measurements of the radio
transmission from the satellite Sputnik
I and pu tnik II and the calculation of
slant height directly from the frequency
'hift data.

This article di cu ses a similar set of
measurements and certain refinements
in the handling of the data, \\'hich \\'ere
used to predict the path of the atellite
and its time of transit for u e by the
local Moon-Watch group.

The measurements described here
were made by two members of the Gen
eral Radio engineering staff, W. F.
Byers and R. J. Ruplenas, who happen
also to be radio "hams." From their
measurements, it has been possible to
calculate the distances of closest ap
proach for each observed transit of the
atellite. As one can note from the quoted

times of transit, the whole project was
extracurricular, undertaken in the true
amateur pirit.

ince the satellites travel at almost
18,000 miles per hour, the total Doppler
hift at 20 Mc is over 1000 cps, and at

40 Mc it is O\'er 2000 cps, Thu , by
listening to the received signal with
a suitable reference oscillator beating
against it, one can hear and mea ure the
change in beat fr quency as the satellite
goes by. Simple equipment is adequate
for this measurement. Byers and Ru
plenas u ed harmonics of quartz-crystal
controlled oscillators for the reference
signals at 20 Mc and 40 Mc. They
measured the audio beat tone by com
paring it with a stable, calibrated audio
oscillator set to multiples of 50 cps,
noting the times of coincidence in terms
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3Kepler's third law states that "the squares of periods of
circulation around the sun of the several planets arc in
the same ratios as the cubes of thp.ir mean distances."
This was first formulated by Johann Kepler in 1619 and
published in his treati~c, "Dc Hnrmoni<,c )[unrli."

where g is the acceleration of gravity
Re is the radius of the earth
T is the period of the orbit.

The plotted results of one measure
ment on the signal from Sputnik I are
shown in Figure 1. The observed fre
quency shifted downward as the satellite
passed by almost overhead. The total
shift of about 1000 cps at 20 Mc indicates
a velocity of about 16,760 miles per hour
on the basis of the simple Doppler calcu
lations. The actual velocity '\"as higher,
and the deviation is accounted for by
the curved path of the satellite, varia
tion in propagation paths, and difficul
ties in measuring the weak signal when
the satellite was over 1000 miles away.

The velocity of the satellite is one of
the factors in the calculation of distance.
The indicated velocity is close cnough
to the true velocity so that a fair esti
mate of distance can be obtained using
that figure. The distances that will be
quoted, however, are based on an esti
mate of actual velocity (assuming un
disturbed motion and neglecting per
turbations) obtained by use of Kepler's
"third law'" for the period of an ellip
tical orbit and by use of the equation for
the velocity at any point in an orbit
about the earth. Such an estimate is
probably close enough to the true value
so that the accuracy of distance calcu
lation is limited by the accuracy of other
measurements.

The semimajor axis, a, of the ellip
tical orbit of an earth satellite is ob
tained from the equation:

gRe'T2
a3=~ (2)

The period of the satellite is, therefore,
essential for this calculation. One can
easily determine this by listening and
noting the times of successive transits,
and then of transits one or more days
apart to include many complete orbits.
'Vhen minor corrections are made, the
period can be obtained to a high degree
of accuracy.

Then the velocity, v, at any point in
an orbit of an earth satellite is obtained
from

V
2

= gRe' C-D (3)

where T is the distance from the center
of the mass of the earth to the desired
point in the satellite's orbit.

The value of T used in thi equation
was estimated at first from the initial
Doppler measurements to be the radius
of the earth plus 200 miles. Subsequent
Doppler measurements then made it
possible to refine this estimate.

In order to utilize the values in the
curved portion of the plotted relation
between frequency and time, the theo
retical curve, calculated from the simple
Doppler equation by use of the value of
v obtained above, was fitted to the
points. Since no large-scale digital com
puter was available for thjs extracur
ricular calculation, the fitting was done
in a preliminary way graphically, and
then a final value of D was obtained
from the numerical data by an averaging
process. In general, the simple graphical
fitting was adequate.

The distance of nearest approach thus
calcu lated from the data represented
on the graph is 159 miles, and the time
of nearest approach was 18:54:51 EST.
Some other observations on Sputnik I
are as follows:
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satellite would be nearly overhead.
The prediction of approximate transit

times after two measurements have been
obtained is simple, because the period
is then reasonably well known. Since
the plane of the orbit is inclined with
respect to the earth's axis, however,
corrections should be made for the fact
that the points of the orbit of nearest
approach for successive transits do not
correspond to exact intervals of one
period. A similar correction is necessary
from day to day, because of the relative
shift of the orbit and the observer.

The distances between successive
transits can be used to obtain a rough
estimate of the inclination of the orbit.
A better estimate can be obtained by
measurement of satellite transits for
both directions of travel (provided one
is not close to the equator). In fact, if
convenience and working hours did not
have to be considered, it would be pos
sible to make at least four measurements
every 24 hours. When enough data are
then obtained to find the altitude for
both directions of travel, the simple
elliptical approximation to the orbit can
be specified from measurements at one
station. Naturally, better accuracy in
specifying the orbit would be possible
if data from stations at different latitudes
were available.

The task of Moon-Watch teams is
made much easier by a knowledge of
when the satellite will be vi ible in a
particular area and of the proper orienta
tion of the Moon-Watch tele copes in
terms of predicted azimuth and elevation.

The information derived from these
Doppler-shift data was used along with
other information by the Harvard Ob
servatory Moon-Watch team.

The Doppler-shift measurements have
the advantage over visual sightings
that they can be obtained regularly

Time

Date

11/4/57
11/5/57
11/6/57
11/7/57

Distance
(Nearest

Approach)
06.:24:24 EST 340 miles
06 :36 :22 629
06 :47 :48 876
06 :58 :37 1137
05:12:00 162

11/8/57 05 :21:50 317

From the relative motion of the ob
server and the path from day to day, one
concludes that Sputnik II was almost
directly overhead at about 160 miles
elevation at the 05 :12 transit on 11/7/57.
The 05 :01 transit on 11/6/57 would
haye been interesting, but the earlier
data indicated that the supreme effort
of getting out of bed at this hour should
be made on 11/7/57, since then the

Time Distance
(Nearest (Nearest

Approach) Approach)
10/17/57 19:09:30 EST 410 miles

20:48 850
10/18/57 19:05:12 284

20 :43 :42 1040
10/19/57 19:00:15 197
10/20/57 18:54:51 159

04 :56 :30 1210
10/21/57 18:48:42 236

The values for the closer transits are
more accurate in both time and distance
than those for greater distances. We
have not attempted a careful estimate
of accuracy for these points bu,t, for the
159-mile distance, the consistency of
the data is sufficiently good to lead to
an estimate of ± 2 miles as the probable
accuracy, except, of course, for possible
systematic errors or blunders.

If one considers the transits at 19
hours on succeeding days, the path
shifted with respect to the point of ob
servation from east to west. On Oc
tober 20 it was almo t overhead. The
data of October 19 and 21 indicate that
on the 20th it \I"a actually west of the
observation point by about 30 miles so
that the elevation was about 156 miles.

Similar data on Sputnik II are as
follows:

Date
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without regard to atmospheric condi
tions or the position of the sun, and
there is little chance of a fal e radio
sighting when the Doppler shift is ob
served. When the radio signal stop,
however, optical and radar observations
are all that remain. The use of solar

MEASUREMENT OF CABLE

MEASUREMENT OF VSWR
OR UNIFORMITY OF IMPEDANCE's

While not normally required for most
standard cables, this measurement is
sometimes desirable in specific applica
tion as a means of checking the uni
formity of cable characteristics from
point to point along the cable. Further
more, special experimental cables and
new types of transmission lines may
have unknO\\"l1 YSWR characteristics,
particularly if they are of a radical
design. There are several possible meth
od of making the mea urements, and
method of interpreting the re ults have
not been tandardized. The measure
ment usually requires ome type of
impedance-indicating device, \\'ith \\'hich
the input impedance of a relatively long
cable sample is measured continuously
or at closely spaced frequencies oyer one
or more frequency ranges. The varia-

ISHandriek, E., and Kruege, L., "Determination of tbe
Equivalent Reflection Factor of Wide-Band Cables,"
Telefunken Ztg., v. 28, 1935, p. 235 (in German).

Kruege, L., "Linear Integration of tbe Reflected
Pulses as a New Standard for tbe Quality of Television
Cable Lengths," Telefunken Ztg., v. 28, 1955, p. 241 (in
German).

Cotte, M., "Study of a Factory Length of Cable by
1\1easurcmcnts of Tcrnlinal Impedance," Cables and
Transm,ission, v. 9,195.1, p. 161 (in French).

Rosen, A" "Irregular Transmission Lines," Wireless
Engineer, v. 31, 1\Iarch, 1954, pp. 59-70.

Lorrin, J., "Testing of :lIanufaetured Lengtbs of
Coaxial Lines for Very High Frequencies," Cables and
Transmission, v. 7, July, 1953, pp. 218-41 (in French).

Widl, E., "Survey of Metbods in Use for Measure
ments on Higb-Frequcncy Cables," Fernmeldetech. Z.,
Y. 8, :lIay, 1955, pp. 262-265 (in German).

Blackband, W. T., and Brown, D. R., "Tbe Two
Point :'\Iethod of 1\Icasuring Characteri8tic Impedance
and Attenuation of Cables at 3000 :lIc," J.I.E.E.,
Part lIlA, Proceedings at the Radiolocation Contention,
v. 93, n. 9, :llarch-:lIay, 1946, pp. 1383-6.

batteries to power the satellite trans
mitter should make Doppler- 'hift meas
urements possible over long periods, and
then more radio engineer and amateur
can dabble in this new branch of radio
astronomy.

- ARXOLD PETERSON

CHARA CTERISTI CS (Part V)

tion of the impedance is a measure of
cable uniformity.

A typical characteristic, measured on
a 2400-foot sample of TYPE 874-A2
Cable by means of a TYPE 1601-A
V-H-F Bridgel9 for two narrow ranges
near 25 Mc and 100 Mc, respectively, is
shown in Figure 11.

At ultra-high frequencies, either the
TYPE 1602-B U-H-F Admittance Meterl9

(41-1500 Mc) or the TYPE 874-LBA
Slotted Line" (300-5000 Mc) can be
used for VSWR measurement. The TYPE
874-UB Balun can b u ed to supple
ment these in truments for measure
ments on shielded or unshielded twin
conductor cable up to 1000 Mc, al
though thi balun, being tuned, re
quires readjustment ",henever fre
quency is changed. General Radio Unit
Oscillators are satisfactory generator,
and either the TYPE 1231-B Amplifier or
one of the Type DXT Detectors is a
suitable detector for use with the slotted
line. The most satisfactory detector for
use with the admittance meter is the
TypeDNT.

More work is needed to devise a fast
yet accurate method of making these
cable uniformity measurements with
simple, commercially available equip
ment.

19Directions for making V \Vn. measurements will be
found in the instruction books for these instruments.
For :,pf'rifications and prices, see the latest General Radio
catalog.
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Matched vs. Unmatched Unknown Cable
Sample: As previously described specif
ically, the attenuation of an unknown
cable sample is measured essentially by
a substitution method. The sample is
removed from an otherwise-unchanged
transmission path, which includes both
r-f and i-f circuits, between a constant
output generator (the unit oscillator)
and a calibrated meter (part of the
TYPE 1216-A Unit I-F Amplifier). The
loss in the sample is partially replaced
by increasing the loss of an accurate i-f
step attenuator, and the remaining loss
is measured by the meter, which inter
polates between steps of the attenuator.

Let us examine more carefully the
significance of "otherwise- unchanged"
as used in the preceding paragraph.
With reference to Figure 4, Part II
(June, 1957, Experimenter), the trans
mission path between generator and
output meter includes the generator
output coupling loop, a low-pass filter,
a lO-db pad, a 3-foot patch cord, another
lO-db pad, the unknown sample, a 20
db pad, a crystal mixer with local oscil
lator, a 30-Mc step attenuator, and
several stages of i-f amplificat,ion. Few
of the junctions between these elements
are matched, so that there exist so
called "reflection losses" at many of

Insulation resistance has to be meas
ured for certain cable types at a poten
tial of not less than 200 volts. General
Radio Company manufactures two in
struments that will make these meas
urements: the TYPE 1862-B Megohm
meter and the TYPE 544-BA Megohm
Bridge. With either of these instruments,
the measurement is made at a constant
potential of 500 volts, which is a gener
ally accepted valueo, and a guard
terminal is available for eliminating, if
necessary, any effects of leakage be
tween the leads connecting to the cable
sample under test. The basic accuracies
of the two instruments are closely com
parable. If the measurement of cable
insulation resistance is the only applica
tion contemplated for the test equip
ment, the simplicity of operation and
lower cost of the TYPE 1862-B Megohm
meter make it the logical choice in most
instances. The TYPE 544-BA Megohm
Bridge, on the other hand, can be
adapted more readily to specialized
measurements in a research or develop
ment laboratory.

MEASUREMENT OF INSULATION
RESISTANCE

Figure 11. Inpul impedance as a function of fre
quency for 2400 feel of General Radia Type 874-A2

50-ohm Coaxial Cable.

zOASTM Standards on Electrical Insulating Materials
D257-49T.

FURTHER DISCUSSION
OF ATTENUATION MEASUREMENTS

Part II of this series, published in the
June Experimenter, describes a par
ticular method of attenuation measure
ment. There are, of course, other ways
in which the details of the measurement
can be handled, and it is interesting to
consider some of these alternatives even
though the techniques previously de
scribed are still considered the best.

IHI'VT 1MP£0lNC£ AS" FUHCTlOH OF FR[OUEMev
Of' 2.00 FE[T OF GENERAL R"OIO TYPE 17"",u so OOW COAllIAL C".LE



GENERAL RADIO EXPERIMENTER 8

these junctions." However, because of
the isolation provided by the pads on
either side of the sample, removal of the
llnknown sample does not change condi
tions at any junctions except those at the
sample. Therefore, the various reflection
losses in the system, except possibly for
those associated with the sample, are
ltnchanged by removal of the ample and
consequently have no effect "'hatever
on the measurement.

Reflection losse' at the junctions a 
sociated \\'ith the ample must be con
sidered separately, and there are several
different possible ituations:

(1) Con ider, first, the measurement
of a 50-ohm coa.,'(ial cable sample. Be
cause of use of 50-ohm pads at both ends
of the unkno\\'n. matched conditions
prevail at both junctions \\'ith the sample
in, and also at the junction bet\\"een the
pad with the sample out. There are,
therefore, no reflection 10 ses associated
with the unknown sample in this cas(',

(2) Consider, next, the measurement
of a 75-ohm coaxial cable sample at 3000
Me. The method that has been de
scribed is to fabricate 10"'-reftection pads
from extra lengths of the same type
cable as that being mea ured, each
length having about lO-db attenuation.
One of these "cable pads" is used at
each end of the unknown sample be
t"'een it and the 50-ohm pad in the
mea uring setup, and both are left in
the system when the sample is removed
for a mea urement. The junctions be
tween the 50-ohm pads and the 75-ohm
cable pads are unmatched, of COUl' e,
like many others in the etup, but these
jtmction , i olated like the others from
the sample by the cable pads, are un
disturbed by removal of the unknown,

ZI"ReAection 10 ses" do not necessarily inyoh·e loss of
power by dibsipation, as i~ true also for the term "in er
tion loss," but refers to a reduction or "loss" of power
received by n load as a rcsuk of nlismatrhed impcdunce
Jcyels between 80UTrc and lond.

so that this mjsmatch has no effect on
the measuremen t. It hould be e pecially
noted that in this case the nominal
impedance of the connectors used be
tween the cable sample and cable pads
must equal the nominal impedance of
the ample, although the connectorR
used between the 50-ohm pads and the
cable pads are n~t critical. With the un
known sample in, the cable pads effec
tively match the sample at both its ends.
With the sample out, the cable pads are
plugged together directly and match
each other. There are, therefore, no re
flection losses associated with the un
known ample in thi case either.

(3) Consider, finally, the measurement
of a 75-ohm eoaxial cable sample at
4:00 Ylc. The method we recommend in
volves using the same 50-ohm pads at
both ends as in the case of 50-ohm
samples. Cable pads are not recom
mended, because they would be incon
veniently long to give lO-db attenuation
at 400 Me. With the sample in, there i.
a mismatch at each of its ends corre
sponding to a VSWR of 1.5 or a reflec
tion coefficient of 0.2," which causes a
reflection loss of 0.18 db for each junc
tion or 0.36 db for both," With the
sample out and the 50-ohm pads plugged
together directly, there is no reflection
loss. Therefore, as previously described.
a 0.36-db reflection-los correction must
be ubtracted from the measured inser
tion loss to obtain the true attenuation.

The neces ity of making this small
correction is a very minor disadvantage,
which causes no inaccuracy and which i
more than justified by the resultant sim
plicity and convenience of the method.
Incidentally, thi same method, in which
22.-\ssuming that the attenuation of cable sample is 6 db
or more, which is great enough to make multiple-reflection
effects negligible in this example.
z3These figures can be easily calculated from the formulas
giyen in Part n, pages 6 and 7 of the .June. 1957, Ex
perimenter. or read directly from Figure (} on page i
of tha tissue.
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no cable pads are included, can also be
used at. 3000 Mc, since the reflection
loss is independent of frequency. Hm\"
ever, MIL-C-17B SpeGification requires
that the cable sample be matched, and
thus we have recommended using the
cable pads as described pre\'iou ly.

The possible benefits to be gained by
use of reactive matching networks
(triple-stub tuners or the like) between
each end of the cable sample and the
measuring setup should be considered.
Actually, the only possible benefit is the
elimination of the very mall reflection
loss correction just mentioned for the
case of cable impedances other than 50
ohms at 400 Mc, where cable pads are
too cumbersome. On the other hand, the
use of reactive matching networks for
this application has importan.t disad
vantages. One is that a fair degl'ee of
e;.,:perience is required to set them prop
erly, and, if improperly set, they can
introduce both reflection-lo s and at
tenuation-loss errors of unknown values
which can be larger than the minor,
known reflection-loss correction they
are intended to eliminate. Other disad
vantages are the necessity of making
the extra adjustments, the space taken
up by the tuners, and the extra co t.
Comparative Measurements: If de ired,
uitable reactive matching network can

easily be assembled from GR TYPE 74
Stu bs, Tees, and Line-Stretchers. Some
comparative measurements were made
to illustrate the foregoing discussion.

(1) At 400 Mc, a 160-foot length of
RG-59/U 75-ohm coaxial cable was
measured first by using 50-ohm pads
and correcting for the 0.36-db reflection
loss, and next by using reactive match
ing networks at each end of the ample
to eliminate reflection 10 s. The net
work were initially adju ted, first one
and then the other, so as to gi\'e maxi-
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mum detector reading, A more accurate,
but insignificantly so, adjustment could
have been made using a slotted line or
admittance meter, but the slight im
provement po ible doe not warrant
the extra complication. The results were:
12.1 db less 0.36 db reflection-loss cor
rection equal 11.74 db by the method
recommended and 12.0 db using the
reactive matching network . The dif
ference of 0.26 db is within the accuracy
of measurement. The higher figure of
12.0 db is probably due to incidental
losses in the networks.

(2) At 3000 Mc a 3O-foot length of
RG-59/U 75-ohm coaxial cable was
measured in three ways: (a) Using 50
ohm pads and correcting for the 0.36-db
reflection loss, (b) using two extra 40
foot lengths of RG-59/'U cable as 10-db
cable pads, with constant-impedance,
75-ohm, Type N Connectors used be
tween the sample and the cable pads,
and (c) using reactive matching net
works. The results were: 7.8 db less
0.36 db reflection-loss correction equals
7.44 db for method (a), 7.4 db for
method (b), and 7.4 db for method (c).
The maximum difference of 0.04 db is
in ignificant.

R-F Standard A"enuator vs. I-F Standard

A"enuator plus Interpolating Meter:

The use of a continuou ly-variable r-f
standard attenuator to measure un
kno\\'n attenuations avoids dependence
on the linearity of a cry. tal mixer, but
the latter is not in the least unde
pendable. When u ed as a mixer in a
heterodyne system, the crystal is in
herently linear, in contrast to its less
dependable characteristics when used as
a square-law rectifying detector. The
heterodyne method of mea urement has
been used at General Radio for many
year for the standardization of voltage
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and attenuation at radio frequencies!4
The National Bureau of Standards also
uses the principle of an i-f standard
attenuator in conjunction with a mixer
and local oscillator to measure attenua
tion at microwave frequencies with ex
tremely high accuracY,25, '6 and Bell Tele
phone Laboratories' precision trans
mission and phase measuring set also
uses a precision, fixed-frequency, i-f
attenuator in measurements to 0.05 db
accuracy." To insure precise linearity in
a mixer, it is necessary only to be sure
that the local oscillator voltage is suffi
ciently high. This fact can readily be
checked, in the setup we have described,
by a measuremen t of the rectified mixer
current with the panel meter of the
TYPE 1216-A I-F Amplifier, for which
purpose a toggle s\\'itch is provided. It
should read between 80 pel' cent and
100 per cent of full scale. The i-f attenu
ator has the important advantage of
operating at a fixed, relatively low
frequency where it <.:an be more readily
standardized \vith higher accuracy than
can r-f attenuators at higher frequencies.
The step attenuator as u ed in the
TYPE 1216-A I-F Amplifier avoids the
high and frequency-variable initial in
sertion loss of the waveguide-beyond
cutoff, piston type of r-f attenuator and,
with its interpolating meter, can be read
more easily and precisely than can a
typical signal generator output dial cov
ering 120 db 01' more in one revolution.

Before the TYPE 1216-A I-F Ampli
fier became available, the TYPE 874-GA
Attenuator, which is a continuously-
24L. B. Arguimbau, "Standardizing the Standard-Signal
Generator," General Rad'io Experimenter, 12, 3 and 4,
August-September, 1937.
25Grantham, R. E., and Fregplan, J. J., "A Standard of
Attenuation for 1\licrowRYc ]l.Ieasurements, to Trans
actions, AIEE, v. 64, 1948, p. 535.
26Albred, C. M., "Precision Piston Attenuators," National
Bureau of Standards, NBS Report 5078, May 1, 1957.
27Alsberg, D. A., and Leed, D.,"A Prec'ise Direct Reading
Phase and Transmission ~1ea::iuring System for Video
Frequencies," Bell System Technical Journal, Vol.
XXVIIT, :-<0. 2, April, 1949, p. 221.

variable, accurate, r-f attenuator, ,vas
recommended for cable attenuation
measurements, and many cable manu
facturers are today using this device
with excellent results. Nevertheless,
everyone who has tried the i-f step at
tenuator system that is now available
has quickly appreciated the improved
convenience, speed, and ease of reading
of the new system.
Monitoring Generator Output: The in
expensive unit oscillators recommended
do not have output meters, and one
must depend upon their constancy of
output. In order to insure the latter,
it is necessary to drive them with a
TYPE 1201-A Unit Regulated Power
Supply as previou ly described. In addi
tion, and this was not mentioned before,
it is desirable to operate the entire setup
from a regulated line, because the TYPE
1201-A Supply does not regulate heater
voltage, which influences oscillator ou t
put to a small extent. Regulation of the
entire setup also will stabilize local
oscillator output, which is especially de
sirable for 3000-Mc measurements.

The saturable-core, constant-voltage
transformer is generally satisfactory for
this application and is probably, be
cause of the availability of units with
small ratings, the most practical type of
regulator if no other equipment requires
a regulated line. However, for regulating
power to additional equipment also, \"hich
would require a larger-capacity regulator,
R. TYPE 1570-A Automatic Voltage Regu
lator'S is highly recommended.

With regulation as described, record
ings show no perceptible change in out
put, either as a function of time or of
input voltage; so it can be safely as-

2SIt can handle up to 6 KVA, is accurate to ± >i%,
introduC'es no wQ."eform distortion, and is smaller and
lower in priC'e than rnost conlpetitive regulators. Although
it is electromechanical, for most line Auctuations, which
are small ones, it is practically as fast as most of the so
called "instantaneous" regulators,
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sumed that errors will not be introduced
into cable attenuation measurements
from this source.
Checking Over-all Accuracy: The equip
ment that has been described will hold
its accuracy for a long time, but a
'imple check can verify it at any time.
:Merely usc the setup to measure the
attenuation of an extra TYPE 874-GIO
10-db Pad, which can in turn be checked
at d-c or audio frequencies. The fre
quency characteristic of this pad is
dependably known and is negligible be
tween d-c and 400 Mc. At 3000 Mc its
attenuation is known to be 0.3 db higher
than its low-frequency value.

The detector system can also be
checked directly at 30 Mc by connecting
an accurate signal generator to the i-f
amplifier input. However, many signal
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generators cannot be read so precisely as
can the i-f amplifier meter and attenuator.

NEW CABLE MEASUREMENT KITS

Since we can supply everything neces
sary to measure nearly all cable types, it
has been ·uggested by customers that
we offrr "cable measuring ki ts" to
simplify the job of selecting the right
equipment and to avoid the nuisance of
overlooking one or two small parts and
having to place a separate order for them
later. Furthermore, a single source of
supply gives assurance tha t all the equip
ment will work together properly. We
think thr suggestion is a good one, and
we, accordingly, have worked out a
basic kit \\'ith two supplementary kits.
Order by kit type number; it is not
necessary to Jist individual items.

TYPE 1671-A BASIC COAXIAL CABLE ATTENUATION MEASURING KIT $1456.40

Complete equipment for rneasuring attenua
tion of 1110 t coaxial cables at 400 and 3000 !\[c.
Tncludes all instruments needed plus large as-

sortment of connectors, replacement ferrules,
and adaptor for making connections to various
cable types.

Quantity
1
1
1
1
3
1
1
1
1
6
6
6
6
6

50
50
50
50

2
2
2
2
2
2
2
2
2
2

Type
1208-B
1220-A2
1201-A
874-F500
874-Gl0
C74-G20
874-MR
1209-B
1216-A
874-C
874-C8
874-C9
874-C58
874-C62
FEC-2
FEC-3
FEC-7
FEC-9
874-QNJ
874-QNP
874-QBJ
874-QBP
874-QCJ
874-QCP
874-QHJ
874-QHP
874-QUJ
874-QUP

Name
Unit Oscillator ........................•......
Unit Klystron Oscillator .
Unit Regulated Power Supply .
500-Mc Low-Pass Filter .............•............
Fixed Allenuator ..............................•.
Fixed Allenuator ..........••..................•.
Mixer Rectifier ............•....................
Unit Oscillator .
Unit I-F Amplifier ..................••...........
Cable Connector ..............................•.
Cable Connector ...................•............
Cable Connector ...........................•.•..
Cable Connector .
Cable Connector ...........•....................
Ferrule .......•........................•..••..••
Ferrule .
Ferrule .........................•...............
Ferrule .
Adaptor with Type N Jack .
Adaptor with Type N Plug .
Adaptor with Type BNC Jack .
Adaptor with Type BNC Plug ........•............
Adaptor with Type C Jack .
Adaptor with Type C Plug ..............•........
Adaptor with Type HN Jack ............••........
Adaptor with Type HN Plug .
Adaptor with Type U-H-F Jack ...........•......•.
Adaptor with Type U-H-F Plug .......•..•••.•.....

Unit Price

$25.00

2.00
2.00
2.00
2.00
2.00

.10

.10

.10

.10
3.75
4.50
4.75
4.75
4.75
6.25
6.50
6.50
4.00
4.25

Total

Total
$200.00

272.90
85.00
16.00
75.00
25.00
32.50

235.00
335.00

12.00
12.00
12.00
12.00
12.00

5.00
5.00
5.00
5.00
7.50
9.00
9.50
9.50
9.50

12.50
13.00
13.00

8.00
8.50

$1,456.40
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TYPE 1671-A2 SUPPLEMENTARY KIT FOR MEASURING COAXIAL CABLE Zo,
v, AND C $1447.00

Add' to basic TYI'E 1671-1\ Kit all in tru
ment~ alld ace . ories ne ded 0 mea ure ehal'
adel'i~tit' impedance, veloci y of pl'opaglttion,
alld capacitance of most coaxial c,tble,; 11;' well

a,; capacitallc and capacitan unbalance of
mo.'t >lhield d 01' unshielded t\\'in-conductol'
(·able_~.

QllmLiity __ -"'l~'y,-,,p--,e__.I .\'(/me
I 1214-A Unit Oscillator .•.................•..........••..
:? 874-Q2 Adaptor to GR Type 274 .........••.. " ....••....
I 874-VQ Voltmeter-Detector.. ..
I 874-WM 50-ohm Termination ...••........•.........••....
I 1212-A Unit Null Detector .....•••.......••....•...•••..•
I 1203-B Unit Power Supply ....•.•..................•....
I 1951-A Filter ..................•........•.........••...
I 716-CM Capacitance Bridge ................•.........••..
I 505-F Capacitor .............•........••...•......••..
1 720-A Heterodyne Frequency Meter .......•......•..•...

I Iiit Price 'l'otCLt
$ 75.00

$4.25 8.50
30.00
12.50

145.00
40.00
75.00

600.00
6.00

455.00

Total $1,447.00

TYPE 1671-A3 SUPPLEMENTARY KIT FOR MEASURING BALANCED, TWIN-
CONDUCTOR CABLES $462.00

.\tld>l to ua ic '['YI'I> 1(j71-A Kit and supple
11\ Iltar\, TYPE IG71-A2 Kit all ,tcce~sor'i s
needed' to m{'IL~lII'P attenuation, (·hnr[leleristip

in p dance, and velocity of I ('opagation of
shieldctl or unshielded twin-conductor cables.

Qoontit!/ __ Type
'2 874--'-U~B~--

-l 874-D20
-1 874-110
2 874-UB-P2
2 874-UB-P3
2 874-UB-P4
2 874-UB-P4A
2 1000-P5

Name---------
Balun,.".,.".", .. , .. ",."""" •••. "" .. ,.
Adjustable Stub .. , .... , " ••..... , , .•••. , '" ,. , . ,
50-ohm Air line .. , . , .. , , ••• , , , •••••••... , . ' ..••
2oo-ohm Terminal Unit .. , ... , •.. , , , . , , ••.......•
300-ahm Terminal Unit ..............•.... , , •••..
Adaptor, .. , ............•••..•••••.••.•...... ,.
Adaptor Cable .. , • , ......• ' ........••.........•.
V-H-F Transformer, ......•........••...........•

nit Price Tolal
$75.00 1---::-$-15::'-::0-':.00-,-

14,00 56.00
5.50 22.00
6.50 13.00

15.00 30.00
50.00 100.00
18.00 36.00
27.50 55.00

Total $462.00

Insulatioll rp."i,·tance me,lJ UI'('n1Pnts are w u
ally hlllldl('d separately fr'om the high-fl' quency
rnell.~lIrcments; 80 the following in~trumellts for
m aSliring insulation I' istanc are listed bel I\'

8 pumtely:

Type 1862-B Megohmmeter •....•.. ,.... $255.00
Type 544-BA Megohm Bridge. . • . . . . • . • . 365.00

For automatic' linl)-voll age rej!;ulati n:
Type 1570-Al Automatic Voltage Regulator $480.00

(Bench, rack, or wall model)

The author wi. he to aekno\\'ledg' th
many helpful i:iugge i n. received from
Robert. A. 'odcrman and the a. 'i tane
of Ed \\'ard F. lith rland, who made the
comparative mea 'urem n . reported.

This article oncludc' til S ries, "The
11 a 'urem nt of abl0 Charaeieristics."
Reprints will be available oon to any
all who r que ts them.

- W. ll. Tn n TON

extends to all Experimenter readers its best wishes
for a Merry Christmas and a Happy New Year.

General Radio Company
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