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New Model Meets Both 

American and International 

Standards 

TYPE 1551-C SOUND LEVEL MET·E R 
rj lw (·hange i11 i ype 1rnrnher (TYPJ<J 

1551-B to T rpE 1551- ') dP;-;ignate:-; b\ 0 
signific·n,11t <'httnges in the performanC'e 

of the }e1wral Ralio ,\nmd-Le\el 
1e1.er. t A new a,11d . ·uperior rni<·rophone 

i� uow . ·npplie<l, c.wd the frec1 u rn·y 
weio·hti1w c·haraderi:-;tic:-; have he 1 1  
n1odified to uonfonn to th new nwn­
C<. n Standard Specifications for Gcnf•ral­

I urpo. ·e ,:'iound-Level 1\ h•r, ·. ( \.'A 
1.-t-19Gl.) �either <'hange i.· ohviout-1 

a.t a glan('e . ·in<'e the appearanC'e of the 
in.·trument, exe<:>pt for n shift. frc m. B to 

in the C'll0'1"1V •cl t pE:> number on the 

panel i, · unchmwed. 

•F,. F.. Gross, "lrnprov d Perfor111an ·e Plus a New Look 
for the Sound-Le\·e) J\leter," '''nt>1-.tl Hrulio Ex/)erimenlt'r, Yol. 32, . o. 17, Octolwr J!lilX. 

NEW MICROPHONE 
The TYPB 15(i0-P3 Iicrophm1e* i-rnp­

plied with th<:> TYPB 1551- • 'oun<l­

L Vt-'l J\lfc: ter ii-; a PZT pi(:'zo l dri<' 
eeramic type de:>vPloped exp re.-. ·ly for 
:-;ound-level m ter::-;. It 1 ephw . · an<l i:-; 

interchangeable with the> old Pr 'I'YPE 
15Ci0-I 1 ** Ro ·hell -:-;alt cry.·tal micro­

phone. ltH ehara<'tE-'ri:-:>tiC's approaeh ho;-;p 

of eon l n:-; r microphon . · das. ·Nl :. ::-; 

lnhorator , ·t andanL '. Cnlike con den. ·er 
n1icrophone:s, howpver, thf' <'f'rttmic unit 

doe:-:> not require a ,·pecial preamplifier 

with a high du polarizing- olt.age :·mp-
*Identified bv red insigne on face of rnicrophone u.nd 
, 'hur Brothers 111odel n . 9XJO� on nameplate. 

**Id ntified by blu insign on face of microphone and 
, 'hure Rrot"liC'rR mod Pl no. !)1-\H\)9 on nameplate. 

www.americanradiohistory.com

www.americanradiohistory.com


� GENERAL RADIO EXPERIMENTER 4 

+a--��--.--��....--�� ...... ���--. ...... �� ...... ��""""l'����T"""---.. 
I I I 

61------1-- i PERPENDICULAR ---+-----+---+----------. 
+ 4 

_
___ ...,.o _L PARALLEL P ER�:c ,gt'cLt::/ �l 

..,+ 2 ti �- RA 00 

� o �-------+-----...,----�-f--------; ..... i::::;;�illllll!��-t---........:� �� l�C11�D� E�CiE-i 
�- 2 i------+----1----.----1-------t-- A ...-'l "- PARALLEL [\' �-4 I CIOE CE 1 

Figure 1. 'Response of the Type 
1560-P3 Ceramic Microphone. 
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20 100 1000 FREOUE CY I CYCLES PER SECOND 

pl,\', :111 l it · imp •darn·• i. an ord •r of 

l � g,11it 11d I w •r,. o t hn1 I :1k:1�<' d11P 1o 

l ig;h )lll1nid ity i I>.. of: prob! 111. a11d 

it 1·n 1 lw 11:--<'cl rnrn·<· re<tdily at th• etJ<l 
ol' a <':thlc. 

,'nv1•ntl other f(•atnr :-; o th'. l<'\\' 
111i(·ro )ho11 ·make it hihhlv (] ·:--iral l f 1r 
�01111d-lc•\'(•J m ·t •r th" 

1. Frequency R esponse • .  \.... !tern I' ; _ 

F iµ;11rc> I, t Ju rnic·roph0t 1 • h:t. :1 fl:it 

J'C'-..po11"' · to . 1m11d .... of randont i11 ·idc•n ·c>. 

) tlu· :oc•vc·ral liu1HlrC'd 11il'ro1ho11c'. we· 

ha\ c· JUC'a:--llJ'<•d to date . , all matd1 tlw 

c·111-vc• how11 to within ' db r<lll -0 
r·1 :-; to aho\ · 10) c·p:-;, a1 1d 11 o:--1 of th· 

n il'r >1>ho11P. m•1 <'h th • ·un·p to wit bi11 
±I ell lp 1 o · 0 "P·" 

2. Sensitivity. 'J lw 11on i11al. Pll:-it ivi ,. 

10,000 

l'"' I h<' , t m ' ( - HO lh l'P 1 '< 11 per 
11 iC'n har) a" for ,.1 Yl'h l;) . )- l o ·h •ll '­
.nit C'r_y. tal 111if·roJ hon , \\·hid1 i:-. llH­
u--u:tlly hi!!;h or a :-:1 mil c•pramu· u1 it. 

3. Temperature Coefficient of Sensi­

tivity. Th ouip11t \'olllWf' 1.· prnc· i<'ally 

·011. · 11 \\'l th 1 < n1 I •l'a t urc'. ( u r m a. -
lLr<'lll •11t:-; indic:d • l hat t It· lll} rnt un· 
c·opflil'ient o <·11:-;iti,·it,\· i.' a1] r .-imi l<>ly 

- .( l dh JJ<•r !C'•rr ' nt jcrn lh'. Thi. 

«on J a r -.. \'C r�· f: ,·on I, 1,\· with t h:d of 

la I> l1'a t 01 y :--t :11 lar l ll i<·r } l on .... , :--ll • h 

a. llH• ' .. :--t ·n1 .;::1 '< . T'y1•1·; 
(j-l }-. \.. . 

4. Internal mpedance. Tlw intc·rnal 

in i p< d: ll H'< < f t ht u •\\" n i c· rop lion 1:-; 

<':llXIC'it in·, H11Cl, nlthc t �h it L t lt ' 
·:un . ord r of n :l rrnit u l a. h: t r 1 lw 

Figure 2. De!Sign centers and 
limits for C-weig1htiing charac­
teristics, as specifled by Z24.3 
and Sl.4 {red� standards o­
ge her wi h «>coust"col re­
sponse of the Type 1551-C 
So u nd- L eve l Me t e r  f o r  

C-weighting. 

20 50 100 200 
FREQUENCY I 

500 1000 2000 
CYCLES PER SECO 0 

5000 10.000 
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figure 3. B-weighting speci­
ficatio"s of Sl.4 (r d) and old 
Z24.3 standards. S 1.4 s and­
ard shown assumes des.ign­
c nt'er, C-wei91hth1g, si,nce 
Sl.4 chare>cteri tic for both 
A- e>nd B-weighting •is speci-

fied with resp cl to C. 

10,000 FRE UE C'r I CYCLES PER SECOND 

1 o ·b ·ll ·-.·alt <'r.' · ·tl llHL ·h l 101'' 
l Tl . . c-a1 a ·1 � n • 1. · 

\'1Ui .· f n 11 J :') pf t l 

I"IOpfu, r a  <mp ntur•ran� of J 
. -( 'l h 1 o ·h ·11 -sal unit f< r C'om-

no1nin� l <'UI a<"itan · • 

' wl i ·h drc l . · t r :-

Thi� hip;h st ability of i1 t rnal im­

Janc I' ·ul .· J1 gr at] r inl r )V •<l 
rati n wh u l ' 1 l1c·ro1 houc i:--

wi I h n l >11 ,. 11..;ic n <·n blC' · h 

}r:-;.· n 1 n1g r varic•.· wi l "'l ' a· a u1 ·ti 11 

f th 1en11 rat ur h mi<'ro1 l on . 

5. Directivity. 'l h u w mi<"r >phone, 

.·i1H· it i. t h· =--< n 1 hy ·ical .·izP and i · 

, · i 1 1 ihr in c·<11.·tnH"tio1 Jnai11hi11" th 

I!. > lir •dionnl ·burad ri.·ti<'.· cf I 
TY r E 1 r ( ) -1 1. r t 0 1 th 

11 l 

C'J ...; 
<·au.· .· th· ni·nphm t 

r ·� on I l or, "Oun . · a1Ti,·i1w H nnal 

o th di a pl ragm a.·i. · ( r J r-

'11 Ii 1Jnr i11c·i I nc·p) han to �JUD "' 

fn m t hl'I' din <"I io11:-:. l� i�un 1 :-<h< w. · 

h ll of h ,·aria i >11 in " 11 it 1vi ty 

a. · t f u u · i n of t h · l i r 'C"t j >11 ' f sou 11 l 
inc·i l •w· ' . 

6. R ugged n ess. J '. ign • 

al I • � 11d d<•t <'11 bbl, 

will wi h.lttnc l, ''ith 11t 
+. -

o h' !ur­

n i<'I'Oph 11 

in­
aJH l r ·lu 1 i \'(' 

Cl R CUIT CHANGES 

New A SA Stcmd ard 

Th ol 1 r T' YPE 15-1-1 •• 1111 1- � '\' 1 
� r r1 \\'tl the r -

ha:-; l '•11 

in r •:.;pr n:-- ar not 1arg: , Intl :.. n i11...:tru­

n1 '11 matc-11iug th 
.. . '.\ Z2-l.:3 l U-1..J-

th' l< I ran<' aUow 

·�lll wi hin 
'lA 1. H. 
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- 1 o i--� �---t��--t�--:-���=---+��--+-��-1--���--i::��_J 
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Figure 4. A-weigh•ting speci­
fications o Sl.4 an old Z24.3 
standards, assuming design-

cen·te.- ·C-weighli1ng. 
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20 100 000 10,000 
FREOU CV I CYCLES P R SECOND 

Figun :2 .:--ho\\.... 1 1 1 • d('. io11 <' •Jltl r. 

'-w •i!.!;lllill�. a11 l olL·1·a1u·p nil(\\'• I liy 
l>ol h ,...,j < 11danl .. pl11..: OH :l<'l 11·1l n-. l 011. ·l. 

< f t lt' llt'\\ T L'L 1.):-1- ' .'ound-L '\'l'l 

. I · t  ·r to :"' 111111 ::-- of ra11do1u i11<'idl 11c·t>. 

l •si0·11 c·c·111L•t' c·11 '\' • ..., liff ·1· 011!.'· ;t1 high 

:11111 low fr •qn •11( 'i ·:-:. wbil · 1 liP llt'\\ 

1ol ·1a1H · r ·dw· · lw Io:-.. ihlc· difTL•r •11c·c· 

L<'t \\''<'II ...,<HLll d-lc•\"<'1 n u·tc· r · nf diJT ·n·11t 
llll.LJJt11':1<·t 11r •. I :11·t ic·11larl.'· al )1 , ,,. fn·­

([ll ll('i � · .  
Figun•-..: at d 1 c·on1pnn• 1 It· 11vw a11d 

old B a11d .\ \\"Piµ:ht i1 !..( (·har:u·lt·ri-..t i<·....: 

n·. I •din l.v. Th' old w •i,....Jd i1w c·tn"\'<'=-­

:1rl'. l ·c·ifi<•d: ..... draw11. The· 11c "- WPight­

i11µ: t·t '""" ( . '.\ .' I .  I l Hi 1 )  :trv "P •c·ifi ·d 

\\ ith r£'.:-.pc c·t 1n th' ' \\ •1.tdtl ill,.?; ·hm·­
:wl •ri I iv . .  'l hl'. r <II'<' ..:how11 h •r • n,.., lw • 

\\'ould h ·in a11 i11 ... 1nmw1ll l!iat n ·t1<·lu::-. 
tlw 1-\\' ·iµ;ltl irw d 1l"i�11 ·p11t •r. TT<·n· 

tl g: Ii 11 t '1 : u 1l i... t (I i II" l n I ha i 11 .... t I'll-
1\l Pl t �of< i Iler ' Id m:uml";t<·t lll'<' will li:n-P 
Yl'I'." . imil: r c·haradPri··:1 ic·:--. 

111 additi H1 to thl' 11c·"· ,.<.>ighti1w 

1·h·1nwt •ri.-tic�. th• ..-, ·p ., 1.:.)l-(' hn:-­
a flat r •;-;po11...:p (20 kc· po it inn of th • 

"<'i..?;ht ing: . wit d1 f ·01 2 c·p · to ( kc· 
for . < u11<l-]H' • 'Lil'<' n t ·tn· rnc•11t-- wi1 h 
wid · range mi<Topl  011 " . Th output 

-..ig:nal j,., 1111\\·pjll'] l<'d :111 l 11i1.ahlc· or 
. ·1 ·d nun :t Ila 1.\. i .... 

International Standard 

'] l1i. :--ound-ll'\ •l 111 l'I' 1d:-; t· H f1 1·111. · 

o th· llP\\' illtc•rnatic 1 1al -.. 1t11d:inl:--.' 

l'c'Cp1in 111P11( of t I · Ill ·rt1;1tirn1a 

r mm •11Clation t'c 1· �olt11d-L< \ •l 

I E  ' Pu hlic·;d io 1 L ... : . I \Hi l) a I'<', 111 

11 1 1. t r ''-Pt'<'�. :-i111ilnr to tho .... · of .\�. 
,'I.I U il. 'Jl1<· 'l Y1•1. lf"'f"'l- ' r•iuiily 
rne '(...: all of tit• •l<'<' riC'al · ·q 1 1 i r ·11 c·11I�. 

r 'he· I I'(' •-fiPld •H'OU i<·ttl n·....:po11:--(' n•­
qui1·t·111 • it i. Ill t wh ·11 t }H' 1 11i<'ropho1u .. 
po. t i..., • • ( at <111 a tu.d . 0 r .- .C) 0 \\'it h 
1"1':--.p •d to t lw 1 a1wl cf t 11 • i 1 1.·tnrn1 111. 
Tb• ·\\-i\· ·I niic·rophow .. • po!--( c•a11 h<' 
-..upplic'<l with a dP l < •1 1 at hi:-- I rt'fp1Ted 
a111.d •. T11fh·1H•:11·fnt11rP: 11T).l'r·:1.:.- 1- ' 
•'mm l-L<'V<'L - I •I Pl'· will 1 • -..1 q plic•cl 
\\ith :l 11·op•rl>· d•t •111 • l  111ir·ropl1<11w 

pol-'t for thi. < 11 li<·atio11. 
Tl i-.. u •w ;-.Ol11Hl-l \' ·] nwt •1-, \\it h i .... 

..., <hi<'. higl -1wrfonna1w • <' •rami<' mi •re -
phr H' and it c·011 orm:ui<·c• 10 1 ot} 
. 111•ric·:m anl 111t•r11:ti1Hal .'h11hlrL 

n pre 11t.· < --<ig11ifi<·a11t ad\·: Tc ' ill th• 

;tc'C'lll":H':v a11Cl r •liah il i )' o :-.011t1 l HH'a ·-

-E. '· 
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SPECIFICATIONS 
S o u n d-Level R a n g e: From 2-l to lf>O di> (r • .0002 
m.icrol ar). 
F requen c y  Cha r a c teri s tics :  . \n v one of fonr n•­
.·pons • ch<Hnct •ristic., A, B, l ', or 20 kC', <"an he 
scl 't"1 ed h. a pand swit ·h. 

Th · .\, B, arnl ' ,. •ighti11I-!: pusitioll.' are in 
aceord:uw · \\·it h ,\ mcrican tan lard . \s. ·oc·ia-
1 i n speeifiC'alion:-: on .·ouml-Jevel 111 •ters. 

Th• 2 0-kC' po.·it ion allm,·s the u. e of the eom­
pl ·l • freq u •11ey n» ·1 onse o[ the HOtrncl-level 
nieter's amplifi •r, v>hich is Hat frmn 20 ('l>H to 
20 ke. so t ha com.pl 'le uHe C':rn he 1nad · of 
wide-ran!-!:C 1nif'rophones :;u<'h aH t.h � (:en •ral 
Hadio TY1•1.; 15fil-Pl 'orulc•n:-:er ).IicTophonc• 

Micro p h o ne: The n1icTophonc· is a hiKhly ;.;t;1l>lc• 
PZT c·er:nni<' t:vpt>. C'oml ·nspr· and ly11ami<" 
1nicrophon •t-; are a vaib l>Ic :lH ac·c·PsHori 'H. 
S o und -Level I n dicat i o n :  8ouncl level is i1 clic-at •d 
hv tlw Htnn of tlw mel<>r and atlL'n1mtor r •ad­
itiµ;H. The t'lc>arl�· inarl.;:<•cl ,  opeu-seak UH' er 
c·ovl·r;.; a spa11 of Hi lh "·ith ealihratioll fron1 
-() lo 10 dh. Tlw attenuator is ealihrated i11 
10-dl> ,·frps from 30 to 1-W dh :ilwvl' thv 
stnnclnrd referem·t· levc·L 
O u t p u t: .-\ 1 1 output >f 1 volt ac-ros.- 20,000 ohm:-­
(wh 'll 1 he panel nwl ·r is at full Hf':tll') is avail­
able al an output j:1ek. Th' output ean hen.· ·d 
I > dri v frequene:v analyzer::; r ' ·orders, and 
os('illoH('OPl'S. A phonc-phw-1o-TYPB 27-t e n­
n •·tinµ: C«tl>k (TYPE 15(l0-P$ 5) is avnilahh•. 
I n p u t  I m ped a n ce: 2S llll'goJuns i 11 pa nil Id \\-it h 
fiO pf. 
O ut p u t  I m ped a nce: 7000 ohms. 
Meter Da m pin g :  'T'hc pa11l'l n1 ·1<·r haH two 
cliffrrt'nt clamping eharaC'leristil'f<1 either l��A T 
or ,

' L< n\· n•spo11s<' l>•i11� iwlt•dc-'d 1>�· a panl'l 

'l'!ff)l' 

\\'iteh. Th• meter l>allisti<"H agrt- · with ct1rrerli . 
tam lards. 

C a li bra Hon: B uilt-i 11 calibra tio11 c·irc-u it stnn<l­
ardiz ;-; th ,,;-'rn·ritivity of th el •etl'iC'al ('ireuiLs 
i 1 1 the souncl-lt•v •1 m :ter. 
Ca libration Accu r a c y: Aft ·r slan lardi;;r,at.ion, 
sound-lt>vel nwasurcm.e11!H are within ±1 dh 
at 400 q>.·, af'\ .·pec-i ri ·d i IL � A standard.·. 'I h • 
TYPE: i.- :-2-B , 'onnd-Levcl Calibrator i:-; 
availnhl • for 1nnki11� pPriocliC' aeou.·tic eheC"kH 
rn1 tlw o er-all ('alil>rali m, i11f'f11din� micro­
phone. 

Tem per a t u re a n d  Hum idity E ffe c t s :  H.t•adings are 
ind 'I •11dL•11t (within 1 di>) of temp('l"<llllre ancl 
huni.idit�· over uonn:d rangeH of roo1n C'Ondi-
1 ions. 

Power Sup p l y: Two 1 }2-volt. size ]) fiai-;hli�ht. 
C'db (Hay va · 2LP or c<1uival ·nt.) and 011<• 
071 2-volt. hatt •r:v (J-h1rges,' XX--15 or equiva­
lent) arC' sup1 li • l. _\ 115-volt :1c· ])()WPr .·upply, 
l he TYPE 12 )2-B is availahk-. 
Tube a nd Tra nsist o r  Co m p l e m en t: F ur '[(:)12-
.\X, two ('J((),n , one 2 r1372 transislor. 
A c cess ories S u p plied: T-'lephone plug. 

A c ces s ories A v ai l a b l e: TYP � lf>51-P2 ,ea,thcr 
C':tHe, \\"hich 1 'rni.itf" OJ>t'ral ion of th • in. tru1ncn t. 
\Yi hout t.aking: it fron the C'ase. TYl> • 1560-
P!-'.15 Connecting C'able, for ·0111wC'ting output 
to TYPJ•: 1521-,\. Grnphic L('vPl Ht>corcler. 

Cabinet: .--\lu1ninn1n, fotiHhPtl in )l;ra. r eradde. 
Di men s i o n s: Height �l;X(, \o'i<lth 77,4', depth <1Ys 
inchl'.· (23.5 h.'· 1 5 h�· HiO mm) ver-all. 
N et Weig ht: 7% lh (8.5 kl,!;) wilh hat.teric,.;; Hh 
lb (-L-l kµ;) i1wl11rlinµ; leather c·w.;<•. 

Cod H 'on/ eria 

1551-C 
1262-B 

Sound - Level Meter . . . . . . . . . . . . . . . . . . . . . . .  . :\ll. r re 
"'.\JAYOR 
l\II:\IICAllH \'I' 

$415.00 
95.00 

3.90 
24.50 

3.00 

Power Sup p l y  . . . . . . . . _ _  . . .  _ _  . . _ . . . . . . . . . . 
Se·t of Re p l a c e ment Ba tteries .............. . 

1551-P2 
1560-P95 

leather Carrying Case . . _ . .  _ . . . . . . .  _ . . .  _ . .  . LYX 
Co n n ecting Cable . . ... . ... . .. . . . . .  _ . . . . . . . '()i\:J•�C 

NEW DYNAMIC MICROPHONE SYSTEM 
'Thl' ,. 'ypi:c l.5(}0-P12 ] nam1c 1i ·ro­

phmtl' • ystcm replaceR 1 he ol ler 'l Y PE 
759-P25 J)�rrnunic !Ji ·rophone ancl Ac­
c·p:-;sorit'sl a.· a high-quality a ·oustic· 
pickup system for . ·mmcl-levd 111 ·t r.· 
analyzers , graphic level recorder.· r ta pp 

re C'OrclPrfi. Thi.· n 'v\' rnic:rophone Rys tern, 

il1uR1rnted in Fi�nre 1 iHclude.· th· 

TYPF, 15HO-P2 Dynam.i · 1i ·rot hon , 

I".\ I>,vna111ic {i('rnphn1w for tht> , 'ound-1 •vel :\feter." 
On1l'ntl HrHli<1 FJ.r11t:!r11111m(Pr, Yo!. X.'\", �To. 11, April 1051. 

th TYPE 15HO-P22 tlicroph n 1:ran. -

former the TYP f snO-P72 25-f oot cable 

and tlw TYP� 15('i0-P32 'Tripod. 

Microphone Characteristics 

Tlw oldPr 'T -pE 759-P25 rntmH· 
!licrophon ' \·a. · a : pc. cial ltec Lan. · in� 

,.1 YPE ()33-A. Th' TY E 1560- 2 D. -

rnu11ic 1i ro1 ho u e ii-; al:;;;o rru1nnf actured 
b Altee Lansitw and i� u special ver:-;ion 

www.americanradiohistory.com

www.americanradiohistory.com


� G E N E RA L  R A D I O  E XPE R I M E N T E R  8 

F i g ure 1. Vi e w  of the D y n a m i c  Micro pho n e  
Syste m  w i th the So u n d - Le vel Meter. 

f th ir T PE GGl-A Mi r phon modi­

fi d to meet the r quirem nt of the 

American tandard p ification for 

:reneral-Purp . ound-Level M t r 

(A A 1.4- 1 (H). Th TYPE 661-A l 
the m ha ·ic moving coil. y, t nl f the 
TYPJ:G 633-A, bu i :it i. · hou. d i1 .. mall er 

diam ter :hell wh:i h d ·r a. ·e. diffrac­

tion effect.. at high fr quenci ·. It ha. 

a , ·int reel l ronz faC'e plate in plac of a 
ilk J h : ·reen, which provid . ,xc 1-

1 nt protection fro1n du. ·t an l th r par-

o• ��+-�-1-�--1-��--l��+-

ticle , a very worthwhile featur ' h n 

the n1icroph ne is u d in indu ·trial 

ar a. a d ubj cted to a n10 phere on-

ainincr tiny iron particl · re ·ulting from 

machi11ing and grinding op ration .. 
'I he low-fr iu n · r :::;pons , a· illu ·­

trated in Figure 2, r rn.ain.· .... ntiaJly 
flat down to 25 cp.'. In addition to the 
Mier ph n ·tern. re ·pon to sound of 
p rp ndiculn.r in ·id "11 (0°) a11d sound 
of randmn in<'id Fio-ure 2 how th 
over-all r sp n: of he TYPJi} 1551-

ound-L v 1 lVI t r ( ' eigh ing) and 
th 'I YPE 1560-Pl 2 Dynami · Mi ro­
phon yst in to und. · of random 
inciden e. ( ee Figur . in a company­
incr article on TYPE 1551- ound- v 1 
Met r for A ... � 1.4 1961 r q UJr in nt 
for C-w ighting p" ·ifi ati n. ·.) 

Use with Acoustic Calibrator 

A ·hown in igure 3 a step ha.: b n 
ma ·hined in the face of the rnj roph ne 

o that it can h readily ca1ibra d with 

the 'I YPE 1552-B � 'ound-L el ali-

bra r. With 2.0 volt at 00 cp 

appljed o the calibrator and th li-

brator mounted a hown th und , 
pre �mre J v l d lop-d at t 'IYPE 
15GO-P2 1\/Ii ·rophone i.· 119 db r 0.0 02 
micr bar. 

Transformer 

The r . pon urv 

are f r the compl t 
·h wn in Figur 2 

dynami micro-

+2 Q ---4--l---+--------I------+-�� 
� o �+,-::r�����\\-1 

F i g u re 2. Free - fie l d  res p o n s e  
characteri sti c s  of the Type 
1 56 0 -Pl2 D y n a m i c  Mi cro ­
pho n e  S ys te m f o r  0° a n d  ran ­
d o m  i n ci d e n ce, and f o r  the 
D y na m i c  Mic r o pho n e  S y s t e m  
p l u s  t h e  Type 1 55 1 - C  S o u n d­
Level Meter for ran d o m  in -

I/ _, -

RANDOM ,.--\ I-----+----+---+----+-----+ TYPE 1560-PIZ PLUS 

TYPE 1551-C 

20 100 1000 

(C WEIGHTING) 

FREQUENCY IN CYCLES PER SECOND 

10,000 

c i d e n ce. 
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phone sy tern and in lud he T PE 

1560- 22 ynann Mi roph ne Tran -

form r, whi h ha a ry mall ff 
on the frequency r pm of th y t in 
b ween 25 p and 10 k . Thi. tran -

form r ep up th ou · put of h m1 r -

ph n from -90 db o -60 db r 1 vol 

per µbar o hat th TYPE 1551-

und-Le el Me· r ill r a dir tl 

in db re 0.0002 mi robar wh n n-

n d to he dyna 1ni mi roph n 

y t m. The tran for1n r i · r w 11 

shi ld d to rnini1nize th ff ts of tray 

rnagn tic fields. ho\i n in Figur 1, 

a rap hat i p r of the r n f rn1 r 

ca prov id a on ni nt m an o 

a tach the ran f rm r to h ound­

level me er cabine 

Use 

number of noi -rn asur ment cod 
r qufr he u of a dynamic rnicro­
pl ne, and noise- on r 1 i ua i n n­

tinual ly ari e wher th dynanu rn1-
cr ph ne i requir d or wh r i i e 

sirnplifie th m a ur problem 

when m a urement be mad at 
the end of a long u of i . 

AU G US T, 1 9 6 1  

F i g u re 3. S k etch s howi n g  how 
the GR aco u st i c  Calibrat o r  
fits fir m l y  o n  the d y n a m i c  
m i cro pho n e  l o  as s u re d efin ite 
and r e p ro d uci b l e  cal i brat i o n  

c o n d iti o n s . 

low internal impedance, the dynamic 

rnicrophon can driv r l ong bl 

with n 1 . i n  output vol age and con-

qu ntl r qu1r . n cable correcL i ns. 
Th con1bination of h dynan1ic 

mi rophone t In and th TY PE 1551-
ound-Level l\1 t h r quII" -

rnent. of A 19 1. 
SPECIFICATIONS 

�· 

Se nsi t i v i ty: Open-circuit ou pu of typi al 
mi ropbon is 90 db below one volt per micro­
bar, nd of microphon plus ransform r i 60 
db low on volt p r microbar . The en i tiv­

i ty is atL factory for dire t reading of ound­
pressur 1 vel by the TYPE 1551- , T PE 1 5 1 -
B, TYPE 1551- , * and TYPE 759-B* ound­
L v 1 Meter . 

D i rect Use w ith Anal yzer s :  Microphone outpu 
can b suppli d directly to the 'I YPE 1550-A t 

tave-Band N ois • nalyzer provided he 
l evel of th measured comp n nts i ah ve 
70 db (r 0.0002 mi robar) r o th 'IYPl!: 
1554-A t ound and ibrati n nalyzer , pr -
vided the level of 1n a ur d components i 

*Typ 1560-P92 d ptor required. 
tType 1560-P93 daptor required. 

Type 

above 5 db. (A TYPE 1552-B ound-Lcvel 
alibrator i n ss�r to obtai ab olut level.) 

Maxi m u m  Safe S o u n d - Pre s s u r e  l e v e l :  ound­
pre Lu· lev ls abov 140 db can dainage the 
mi rophon . 

Cal i brati o n :  u pu 1 v l is ch eked in our 
laboratories a everal frequencie agains a 
standard microphone that i c, li l?rat d p ri <li­
eally. Th level n. 40 ' C I · i tat . 

nece ary for 
TYP' 15GO-

C o m p o n e nts: YPE ] 560-P2 Dynami Micro­

phon TYPE 1560-P22 Tr·:i,n form r mbl , 
TYPE 1560-P72 able, T PE l 560-P32 Tripod. 

N et W e i g ht: 574'.' pound (2.4 kg); microphone 
onl , 72 oz (250 g). 

od 1Vorrl Price 
1 56 0 - P 1 2 
1 56 0 - P7 2B 
1 560 - P9 2 
1 56 0 - P9 3 

D y n a m ic M i crophone S y stem ............. . DY A:.\J $2 1 0 . 0 0  
30 . 0 0  

1 2 . 50 
1 2. 50 

E xt ra l 00 -f o o t  cab l e  .... ... . ............. . 
Adaptor Asse m bl y  ....... .. ..... ..... . ... . 
Adapt o r  As s e m b l y  .............. ... . ..... . 

AD PTOR\YAY 
DAPTORB C 

AD PTOR OP 
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N EW A N D IMPROVE D A 

PRE CISION 

fig u re 1 .  Pa n e l  view of the 
n e w  Type 1 422 Precis i on C a ­
pac i tor.  N o te the large, tran s ­
parent flan g e  o n  the c o n tro l  
k n o b, which g re a tl y  f a c i l i -

t a tes precise s etti n g .  

There are rn.any reader of t he 

Experirn nter who wil l  have no diffi c u l t y  

i n  reca l l i ng i n  a n o  talgic moment ,  t h e  

c o n  j t n t  proud contenti n o f  the 

makers of t he Dodge au omobile in th . 

1 920' t hat t hey mad " n o  yearly 

model , n l y  cont i n uou i mp rovem n ts. ' 

Su h a des ription might with q ual 

truth be app l i ed to the h i. t ory of p reci-

i n ' orin-dri ven capac i tor at General 

Rad io.  G n t i l  the app aran ·e of t h  n w 

TYPE 1 -122 Capacit  r i n  our curr n t  

catalog, t here had been o n l y  two d i  -

tin t i  ly cli ff rent catalogued de 'ign 

i n  forty year of cont i nuou � m.an u­

fa tur t h e  TY PES 222 and 722. Yet,  

t he. e tv.ro d sign.  thr ughout t hei r 

u efu l l ive. were bein g  con tantly im­

p roved a · n ew m t hod or mat rial.  

b came a vai labl , or when fi  ld report 

i ndicated the d i rabil i  y of m d i fi ca­

t ion ·. Eventua l ly of cour e, the i m­

p rovem nt that m d de i rable got 

b yond t he ·apabi l i t i  of h exi.-t i n g  

CAPACITOR 

d e  ign , and then a fre h tart had t o  be 

made. A review of pr cision-capa itor 

man ufa t u re and de ign (in luding ·ome 

speci alized d ign n r catalogued) 

wil l  help to ma ke more ignifi an t th 

i mproved f a u re that have been i n­
corporated i n to he n ew TYPE 1 -±22. 

Type 222 First Desig n 

Wh n t he wri ter a r rived at General 

Radio in the su mmer of 1 2 1 ,  the TYPE 

222 apa itor t hen known a a conden­

er, wa alr ady a wel l- tabli  hed prod­

u ' of t h e  ix-year-old firm (Figure 2) . 
I t  wa ma . i vely and hea\ ily con-

truct d u · ing ca. t bra end pl ate 

spaced apart by thr h exagonal bra 
po t . Beari n gs were o n ical t el haft 

agaiI t br n ze in rt . nly the rotor 

and tator p l a t  w r al u m i n u m .  The 

worm and whee l were t o  k art i · l  of 

comm r e made ava i l able to al l and 

· u n d ry through t h  com1n rci a l  fore­

ight of the Bo.: on Gear \Vork . 
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To i l lustrat e the care ex rted t o r due 
back l a  h ,  from the very b gi 1 n ing t h  
worm, taper-p i n n  d t o  i h ft,  wa 

p ri n g-pre ed i n to n gagement wi h 
the worm wheel to con trol back lash a 
much a cou l d  then be done. Th \Vo rm 

haft ' a j ournaled in a l ong h inged 

b ra. ca t i ng, a an be l earl een i n  
Figur 2.  After a embly and b fore 

calibration ea h apaci t or wa ubj e t d 
to a running-in period to rr ake the \vorm 

and wheel fit mor lo ely o one 

another. A the ame i n1 e  a i m i lar 
eff ct wa p rodu d on th coni al b ar­

i ng at t h e  two end f t h e  mai n haf . 

'I'he i nsul a t i on at fi r  wa laminated 
phenol i c ,  at that t i m  the novel material  
cal led Bake l i te .  Even hough i t  lo · . 

w r appreciably h i gh r han tho e of 
hard rubb r ( h p pular good i n  ·u la­
tion of the day) , it wa preferred 
b cau e i t  was mu h n1ore tab l e  
mechanically.  

I m provements 

Almo t i m m ed iately b g n a l on g  

series o f  change and i mprovem n t  . 

tator i nsulation procrres ed from. 

phen lie to porcelai n and h n t o  
steatite . The floati ng,  prmg-pre d ,  

worm. and wheel arrangem.ent w nt 
through at l east four uc , i ve de ign 
each an advan ce over it  prede e or . 

D ire t-reading cal fir t appea r d 
on t h  TYPE 222-1\!I a apac i or de­

. ign d for paral lel  u b  t i tution me , u r  -
ment direc read ing i n  " apacitan · 

remov d . "  

Throughout t h i  pro 
m mt th d fici n i m. 

� of i rn  prove­
he 222 design 

and when i n  
i n t rodu d , 1  a 

n u 1nb r of ba i i mproY m n t  
made. The composit t ructur 

'ver 
of nd 

1 " A  w P reci i o n  onden er , "  General Radio Experi-
menter, 1 0 , . January 1 930. 

A U G U S T ,  1 9 6 1  � 

Fig u r e  2. I n ter i o r  v i e w  of an early Type 222 
Precisio n Capacito r, g ra n d father of al l p re s e n t  

t y p es. I n s et s ho ws cabi n et. 

plate and pac r rod. w a  repl a  e d  by 
an a l u n1 i n u n� fraine cast in one piee 
·wi h a con q uen increa. e in ri gidi t 
and mechan ical  . tabi l i  y .  Th n i  · a l  
beari ng n th m a i n  haft ga vay to 
bal l b ari n g  an th w rm d rive '' a 
agai1  improv cl ti l l  further r ducing 

h ba k l a  h .  Final ly al l  metal part . 
dire · tly affect i n g  the capac i t an c  w r 
made of a l u m i n u m  or a l u n1 inurn. a l l  y t o  
give a l m\· a n d  u n iforn t m p  ra ir ·o-

ffi i n . of apacit an . Add i t ior al  apa.c-
i tan -ren1ov d (doubl - ·� tion) high­
frequenc and l m  -capacit ance 1no<l l s  
wer l i  t ed a n d  d i r  ct-read ing cale.  
' ere u ed t h rough o u t .  Linearity over 
2 1 , rat her t han 20, worm t urn. wa 
achieved , prov i d i n o- inal l  vcrlap b -

yond n m i n a l  d i n1al  rna - innun b.. ' . 

' 
Three -Term i na l  T ypes 

Meanwh i le, by h ear l :v l 950 ' a 
n u m b  r of developrn n t .� i n  bot h nli l i ­
tary nd 01n1n r i.:: l m · . u ri ng t ch­
niques and demand. for h igh mea,'u r  -
m n ac u rac n'lad i t  apparent t h at 
t h ree-tern1 i n a l  (or i n  u lat cl-rotor) ca­

pac i t o r  shou l d  be rn.ade avai l ab l e  o n  a 
cat a log basi . A l t hough t hese were avai l­
able at fi r. t only i n  h igh- ·1paci t a11ce 
n1odel (50-t - 1 1 00 pf) , t h  n d for 

) 

www.americanradiohistory.com

www.americanradiohistory.com


� G E N E R A L  R A D I O  E X P E R I M E N T E R  1 2  

F i g u r e  3. P a n e l  a n d  i nteri o r  v i e w s  of t h e  Type 722 - D  Pre c i s i o n  C a p a c itor, s u c c e s s o r  t o  t h e  T y p e  222. 

tandard i zation at l o w  r capa itanc . 
magn i t ude:· , wh r t h r  -t enn i na l con­
struction i man datory, dictat ed he 

d si gn of u n i t -..v1 h capa ·i an e ( .6. C )  

a l o w  a. 1 .  1 pf. 

Spe c i a l  Types of P rec i s i o n  Ca pac itors 

Although it wa. plan n ed to keep i n 
stock version.  of h TYPE 722 for w h i c h  

there w a  · ·  a ol id c o n  in ui ng denut.n d,  

om 1 50 . pe ia l variat ion, ·  have been 

made in the 25 year of i l i f  , a f w of 

t hem ev n tual ly becom i n g  . t ock it ffil-' 
(e.g . , TYPE 722-C B ) .2  A an examp l e of 
, 'pecial de. · ign. · ,  . ·  v ral TYPE 722- E s  

h av b n m.ade hav i n g  wo l i n  ar 
capaci tan ce ran ge. , r p t ively 0.05 to 

1 . 1  and 0.005 to 0 . 1 1  pf.  

li owever requ i rement have arisen 

w i t h  ·which t he 'I Y P l<:: 722 . t ru c t u re \Ya 

u n  b l  to cope. 

Figu re 4 i l l u  t rat . a TYPE 622 Capac­
i t o r  having many p ial feat i r  ._, .  The 

rugged 5- · ided ca ti n g wa mad to 

e ur ri gidi ty b ·au 'e of h e  very h igh 

freq uency-stabi l i t y  r q u i r in nt.  for t h  
o · c i l la t or which t h i  · capac i t or t 111 cl-. 
I wa u .' d i n  n i n  ru m n t for t he 

2 I van C. Easton, " A  Thr -T rminal Precision o n­
den · r ,"  General Radio Experimenter, 23,  ·1 ,  Octob r l !J58. 

Navy wh i ch at sea i.vou ld be ubj to 
vi o len t  t i l t i n g  a t h e h i p  p i tched an d 

rol led i n  bad we, h r .  Th rot or pl ate 

yi l d  d n end-corr ct d n a rr w-range 
t rai g h t- l i n f req u e n c y p e r fo r m a n c e .  

The extra shaft n ar h , a . mbl r '  

thun1b i n Figu re 4 n.ct u a t e  a si n1ple 

computer whi  h av rag . t\ o re d i ngs 
without calc u lation . 

Figure 5 i l l u  t rG te. ·mall  prec i . ion 

worm-d ri v n capa it r. TYPE 779 wh i h 
fu lfi l l  a req u i r  n1 ent for a apa itor of 

on ly 2 1 0  pf bi.. o ·c upy apprec iably 

smal ler vol u me than d e th rI'YPE 
722 a nd a re use<l i n a n  air raft fuel-gage 

cal i b rator. 

T y pe 1 422 I ntro d u ced 

W h i l  t h  TY PE 722 was £- r from 

ob�ol t e ,  i t .  d sign wa 25 year. old.  

M ost of t he i m p rovemen t  · that cou l d be 

made within t he fr m work of the 

01·i gi n al design had b en made. If 
f u rth r progr · was to be real i zed , i t  

\V uld r u i r  tart i ng afr ·h  b u t  r -
tai n i n g t h  many demon trat d . o u n d  
f at u r  o f  b ot h t he T Y P  !.. 722 and the 

TYPE 222, and borrow i n g  from ot.h r of 

t he n1ent ioned design." Thi s  ha.· l en 
don in h n ' TYPE 1 422. Seven dif-

www.americanradiohistory.com

www.americanradiohistory.com


13 

f r n t  n1odel ' are l i  ·ted t h e  analogue , 
of the TYPE 722 ,' pr viow-1ly offer d .  

Fi gu re. · 1 an d ( )  i l h vtrate x t  rnal vie\ ' 

ref;pect i vely of typ i«al two-t i·n1i n al 

and t hree-t rn i n a l model.· w h i l  Fig­

u r  · 7 t hrough 1 1  are i n t ernal vi �\,-. · .  A 
n tu n her of 1 1  w fettt u re. · a n d  i 1n prov -

nie n t8 w i l l  be n u merat ed and d , ·c r i bed 

iu •om 1 d i  on with the i l l  u :-;tra ion . · :  

1 .  '1 h ca:-;e.· ha\ e be n ehau O'ed t o  
al mn i n n m i n::->tea< l o f  "·ood . T h i , ·  o·i ,­

�4' i neh mor ::->t ack romn o n  t h  :-;haft 

wi t h  t h  sam c·a c l ength and a n arrow r 
box han t he TYP 8 722. The nide:-; of 

th ca� ar rnad fro1n a he·:t.vy al 1 1-

1ni 1 u m ex t n1::->ion embody i n g  dee rut i v  

flu t i n g. (Figure. · 1 a n d  G) . 

2 .  For 1nany y ars u .  ·er · ha \'C re­

qu t-;ted a . · l ow-mot ion d rive for greater 

ea. · i n  fi n <:>  s tt .i n g of t he worm_ d i a] n ot 

that acc· n raey of r ad i n g  JTtay b i m­
proved h u t  hat bridg ba l anc i n  · nu1y 
b faC ' i l i t a t d .  Pro v i d i n g  t h  t:>p ed r -

duction i . ·  v ry l i ffi · u l t to do \Yi t h  t he 

spr i n o--pre:-;:-;ed worr n arra11gen1 n t .  l:I w­

ev r i h e  larg tranf;pare u t  . · k i rt for h 
spi n n er k n ob ( . ·hown i n  Fi O' n re · 1 and G) 

gi v :-; about · 3-to- l i n < " reas in d iam­

eter vcr. · tv th fl uted port ion f th 

k n oh .  Th re i · v n great er i 1T1prove­

ment i n  s tting ai-; i n cc one an rc8t 

a t h u m b agai n. ·t bot h the pan e l  an 1 t he 
dge of th · k i r  a n d  rol l t he t h u m b  for 

fi n e  con t.ro l .  

F i g u re 5 .  View of a s m a l l  prec 1 s 1 o n  c a p a citor, 
d e s i gned for u s e  in f u e l  g a u g e  c a l ibrator. 

A U G U S T ,  1 96 1  � 

Fig u re 4. F i n a l  a d j ust m e nts o n  a T y pe 622 °bat h ­
tub" c a p a c i t o r, a s pe c i a l  m o d e l  d e s i g n e d  f o r  

m ec ha n i c a l  sta b i l ity u n d er extre m e  c o n d iti o n s .  

:3 .  Fio-u r ( ) i l l u .  ·t nd K t he 11. ·c of t h  
new l oe k i n g TYPE 7 4 Con n e t  r. on 
t hree-tcnni n a l  capae i t o rK. Thi:-; feat u re 
1nak<:>. · i t  p ��i hle i o ]oek c n ncct i n g  
cab le. ·  i n  p 1 aC'c o r  t o  fi t  he capac itor 
,' m i p  rinanen t l y a n d  i n  . · p  n . ·i v  ly \Y i t h  

o t h  r t pe. of corn m o n .., oaxial e o n ­
n eetor. · .  The e t vt 01 n  r n d m ere ] 

p u rC'hase a n d  at.tad1 i wo loc k i n g adap­

tor. · to have a c� pa« i tor wi t h  rigidl 

faistened c oaxial  c ·on n ect c rs of the t vpe 

desi r d .  

.J- . :\lt hmJO'h i here w re no obvi o u k  

p l aC'e.� f n t ry d L.,t i n  t h e  cah i n  - t  h a R  

oc •asional l r l E'n a prohl n1 i n  the pas t . 

To con t r )1 t h i s , t he h o l  i n  t h  cab i n e t  

for t h w o r m  Hhaft h a. ·  a mi n i ma l  

cl a ra n  ·e , i h c  tra n . ·par n t  :;;kirt 1atC'he� 

h e  du. ' 1101 1  t he pan l i . · i n  t h  usna l 

hori zon tal  op rat i ng po. · i t i o n  an d t h e  

w i n d  w t h rough w h i ch t he . ·ca l e. · a re 

read ha.� been ch an ged o·a. · k e t cd 

tri plex . af t y  g l a." · .  
5. T i 1n prov the rigidity ::w d st a­

b i l i t y wit.h i i m  of t h  . · m a l l . · c t i on o f  a 
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F i g u re 6 .  P a n e l  v i e w  o f  t h e  n e w  T y p e  1 42 2 - C B  
Pre c i s i o n  C a p a c itor,  a n  i n s u l a t e d  r o tor, 3 - t er m i n a l 
m o d el ,  w it h  a c a p a c it a n c e  r a n g e  of 50 to 1 1 0 pf. 

1 \\·o-:-; c -t i on ( ' t  pn t ' i i o r , nn a dd i t i  nu l �np­
por1 fo r 'a< 'h :-;t a t  or rod i , · p ro\· i d  d h>· 
1 he'  e re'Kecnt-KhapN 1 a l n n1 i n n n1 p i ceC',  
:-;h c nn 1  in 1 i µ: u re . a nd n1nn n i c  l fro1n ·1 1 1  
: H l c kd bri dge w h i c · h  i �  pn r t  of t h e r n a i n  

c n :-; t  i nµ;. 
0. Onep t h e  :-;ma l l  ;-;cet i on i:-:; 1 10 101 1 gp r  

< 'n u t  i l PY ' r  :-;uppo d ed ,  i t :-;  w ' i g h t  nrn.y hc 
:-;nfcl .v i 1 H · rca :-;cd . T h u :-;. m o re p l a t e•:-; 

rnor \\" i d el >· KlX H· < l  a rp u :-;ed for t he• 
:-;rna l l  :-;cc t i o n common t o  t h C' 'I' " P E'.'-' 
1 +22- D a n d  - ::\ I D .  

7 .  'T'h(' hri clp.·c' \Y h i C 'h :-;l t pp< rt· :-; i h e  
, ·ma 1 1  :-;c• < : i  io n a I :-;n . ·pn·c. · t o  ITl < t. k  t h  t 
r n n i n  cn:-<t  i n g  ffl.OI'C' riµ:i d .  T'h i :-;  ri µ: i d i t y  
i :-- f u r t her i mp i·o,·c.•cl h>· a d d i n g  t he rih­

h i t w  on t h  hot t on1 n n c l  fi l l P i i n g  t h e' i l l­
:-; i d c, t ·or1 1 c 1·:-; of t h e• c ·ast  i n g.  

< • R t  n t or rod:-; h a \" ' hc•pn i n cTea :-i ' c l  

frorn � 1 6  t o  1 ...i. i 1 w h  in  c l i m n c t p r  to :-;tiff en 

t h C' :-;t rne h n · a n d  to red u c ·c t h e  l i ffer­
l H'( i n  l'a pa e i t a n  ·c l 0t "·c>cn h o ri zou t n l  

a nd yprt .i e n l  panc> l  po. · i t  i ons.  

n .  Th add i n µ; o f  t he' 1 ri c lgP gi ,-p:-:: t h< 

oppor t u n i t :_\- for :t t h i  rel fon t  o n  t l  0 

l o 1  t rn n ,  I"<>  t ha i  t h 0  c a pa e i t or,  \\·hen on i 

of i t :-;  c ·n h i n  ' t  d u ri n g  n u. u 1 n fa d  u r  , n 1ny 

hC' :-ic>t :-; t n h l �· on a f lat  sn rfnec w i t  b o u t  
a hrnsi on of i he l n n n  d i n  1 .  

• 

1 0. I mp rovrnnen t i n  i h c  hn l l -h c>a r i n cr 

a n·nnp;0mcn t R  \\·as de:-:;i ra l l t o  i n  l rove 

1 4  

F i g u r e  7.  I nteri o r  v i e w  o f  t h e  CB - m o d e l .  N ote t h e  
s h i e l d i n g  w a s he r s  a t  t h e  e xtre m e  l eft, w h i c h  pre ­
v e nt t h e  d i re c t  e l e c tr o stati c fl u x  fr o m  tra v er s i n g  

t h e  s o l i d  i n s u l at i o n .  

t hl '  hac k l a sh si t u a t i o n  a n d  :-; l n hi l i i y  
w i t h t i n E .  \\ h e n  t he hal l- l  e a ri n g  n1tu u 1 -

fn <.:t  u re ·:...; rec-e n t ly n 1adP a \·a i la h l ' op­
po:..;i t c· l y  di . -po:-;e l pn i 1 ·s >f ha l l  hea ri ng;-; 

w i t h  u uy de:-;i re l 1 re l oa d i he a n :-;\\' r t o  

hot h prohl e n 1 s  wn. · n t  h � rn d .  ' T 'h c' mn.i n 
, · haft h < t s  a pai r of t h  ' SC' ;; 1 t < t c ·h ' l l d .  

\ t  t h e d ru m-d ial  n d  i he o u t  c 'r  raee:-; a re 

fi n nl:v d a n 1 pc< l i o t he n 1a i 1  L c ·a:-;i  i n g a n d  

i hP i n ner ra C'C'.' i o  a sho u l  ler on t he 
. ·haft . At t h(' rea r C ' 1 1 c l  ( , - i. :-; i h l e  i n  F i gu res 

a n d  9) t l w i n n  ' l '  ra < '  'l-' of Hw i \YO h 'aT­
i 1 1 �s a rc ·  d a 1 n 1  'd t i gh t ly to a shaft 

:-;hou l dPJ' h:v 1 he >i-28 Phi l i p. · head 
• ' ( ' l' '\\' t o  h ' :-4 (  c •n  t hc>n' .  The 01 1  lt ' l '  race. · 

fl oa t i n  i hc d o. ·c'- f i i t i n µ; ,  p rP<' ii·(on-horcc l 

h o l e '  i h ron gh i h e  l os:-: a t he• e n d  of t he 
r na i u  C 'a:-;t i n g . Th i :-;  a n; 1 ngen 1 �1 1 t  p re­
YC'l l t� t h E  ' d i 1 1 1 h i n g "  \\· h i c h  ( (' ( ' l l l ':-; ' V (' I L  
i n  ' l  hal l  h a ri. n g ,  :-: n  a l l Pr i ha n  t h a t  
\Y h i  · h  oc·c t ir :-:  w i i h n c ·o n ( l ca r i. 1 1 g ,  h u t  
st i l l  oh.·cn-. t h l e .  H a  · k l n :-<h H o "· i f  i t  i . ·  
d e t  eda hl e ,  i s  gC' 1 1 c r:..i. l l,v 11 0  l a rge r t ha n  
t h e w i d t h o f  t l  C '  C'ngrn \'<'d l i 1 1 c  0 11.  t h e  

di.a l .  

1 1 .  I t  i :-;  j u:-;t n :-:  i m port a n t to �i YP 
1 h e  w o r n 1  s}i;- t f  i ;-;i 1 l i  ln r p r  f .rrC'd t rea t -
1ncn t t o  r lucc  hu c k l a . · h  a n d  e l i n1 i n a t e 

n n-n n i fon n i t i c:-i of 1 n o i i o n  t ha t  wo u l d  

c l i s t n rh t h  J i n ari t y  of c a p u c i t n 1 1 ee 

ehan g . J:�ot e i hat a n y  a x i a l  ;-;h ake> i n  t l w 
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worn1 sh a ft can c.q pea r a s  hac: k h  s h .  To 
r<_>c l u ee t hi s  t h " l t c w  dei-; i gn i n c:orpora t ei-; 
a s 1 na l l r I reload 'd b a l l -h · ri n g  pa i r  

t l  < '  o u t p r  raC'es of w h i c h  a re t i u-h t l y 
c · l a n1p<>d w i t h i n  i he rou n d h <  u s i n g  t o  

he seel l i n  F i gt t re. · 7 a n d 1 0. T'J , i B uer 
rac ·e. · a rP t ig h t  l �, 1: l i u n r  ed h�· a n u t  t o  a 

sh o n l c k r on t he worm shaft . Tht:> rm m c l  

h o us i n g  i s  s u pporkd "·i t h  side w i se ft e x i -

1 i li t . , h u i  l on g i t ud i n ;. l i u tegri t :v by a 
t h i n  r-. · h a ped hc .ry l l i u n l  coppC'r l1l 'm hC>r 
fa. · ( pn cl to t h ' h ou s i n g h» fou r  sc n ·\\·s 
a 1 1 d  d a m ped i o 1 he m a i n  c ·ast i 1 1 � .  Th i . ·  

R i  rud u re l oca. i es 1 h e  shaft <. \,X i a l l y .  Th< 

l .  -:--J w.pec l l wr:v l l i l l l H  < 'Opper j ) lP( '(' p ro­
Y i d e. · free> pa n1 l l C' l ogrm -1  yp<> fl oa t i 1 1 g 

1 no1 io n for t h P  wm·n1 ::-->h a f t . The spri n g  

p r  ssu n ' t o  pr< H h H·<: t h i :-:. n wt i ou 1 s  

exprt cc l h>' c1 spri 1 w-l oa ded hEari n g  ha J l  

c · o 1 1 kti l H'd \Y d h i l l  t he h Px-h '< \,d <::>c l  h o u s i ng 

go i u g  t h rough H t c' l-'o l i d b rac ket j Hl-' t  i o 

t h e  r i gh t  of t he hal l -heari n µ;  rnot 1 1 1 t .  

'I'h c  �c·Lf-a J i gn i u µ; l ( a r i n µ;  a t  t h P d i a l  C ' l l l 
of t he \\'orm sh aft fi t . ·  n i c -C-' l:V o\·e r a s h a ft 

. ·h o 1 d c lC-' r  a n d  fl o� :-: w i 1 h o u t  :-;ha k(:, \\·i t  h i n  

t h<:> p rt •c i s i o n -horec l h o l P i n  t h  ' n1a i n  

c-ash n µ;. 'Tl  " sh a kP i n hc n • n t i n  t lw l wa r­

i 1 w  i .  · ta ken u p  hy a pa rt ial l .  · co n 1 -

pr s:-;ed :-:i.  ·-fi n µ;pn•d Z-\\"ct:-;l <:r < ft e H  1 1 :-;( d 
\Yi t h  hal l heari n gs , w h i c - h  hC'a r:-: 0 1 1 1 . 

aga i n s t  t h e.  o i l i er ra (·p_ 

fi g u r e  8 .  I nterior v i e w  o ·f  t h e  T y p e  1 422 - M E, a 
d u a l - r a n g e  u n it, c a l i brated i n  c a p a c i ta n c e  r e ­

m o v e d ,  0 to 1 0 . 5  a n d  0 t o  1 05 p f .  

A U G U S T ,  1 9 6 1  � 
1 2 . Th<' n a t n rc" a u d  d i�po .. i t i o n  of t h  

i u:-: n la t o r.' nre 0-rea t ly d i ff r n L  fron 
those of t l  '1 Y P E  722. 'l'he i rnm h t t o n.; ,  

i n :-:t L d of be i n g l o n g  ha r:-: n r c  short 

h u t t ou :-:.  o r  ww-;hl 'r:"< h a Y i u o- on fn. c:e R a t  

a n <l i h o t her .'phcri c;n l i n  c o n t o u r. They 

nu l i  e "' i i  h s1 l i · i ca l l )' · 01 u 1 i  ( ' rho red 
hol e:-; i n  t h e' c:a:-:1  i 1 1 g o r  i n  a n  a h u n i n n n  
ha r .  O n e  o l n· i m t l-'  a d n rn t a µ;e i :-:  t h a t  t h  . · p 
i n :-; L L l n t o r:-: a re :-:t• l f-< l l i gn i n g .  A n o t her i :-;  

t h a t  i hey ofT< ' t · a n i n i n 1 1 1 n 1  of c l i st n rb ­

a1 1 c ·  t o  il w  " a l l -a l 1 u n i n 1 1 1 n "  n n i u rc o f  

t he,  :-: 1  n i d ure. I n  t l w 'T' Y P I·� 7 2 2  1 h e' 
. · 1 n t or p l a t e:-; \\·m i l d .  w i t h  a n  i 1 H • t ·c'a. p 
i n  ca1 · t c · i t o r i t' m p < ' n t t u re push t h  
s i  u or rod:-- fa r( her a pa rt t ha n  wo u l d  t h e  

Hi eat i 1 e  i n s u l n 1 o n-; (:-< F i g n n •  3 )  t h u s  

I n i  i iu g  a how i n  t h  rod:-; .  Th e rn a l  he­
ha Y io r w l t h Hw p rpspn t < h  :-; i gn i .- n 1 H e h  

1 n o re p rec l i d < t l  1 
1 3 . � i 1 H· ' t he i n , ' n l a i  o rs a rc"' m a d e• of 

H Pxol i t l '  J 22 (t h C ' i d c' n t i t y  of t h e  n m  l­

b rl-' i s  1 nn·  c o i n e i d cn · , many a d Ya n ­
t a g  . ·  a c -C ' n t  � - H cx o l i t c '  1 -1-22 i s  a c · ro.'R­

l i n ke:d , t lwrmo-...;c't t i l l g ,  m od i fied poly­

H t >'H ' l l < '  \\· h i ( 'h a c:q u i n •l-' 1 wa 1  st a hi l i t.y as 

a n 'st i l t  of c - l  C 'm i c · a l m od i fi ca t i o n \Y i t h ­

o t t i  j l u ·  ..... r i o n s  i m pa i rm p 1 1.(  of l i P l C 'cl  r i <' 

F i g u re 9. I nteri or of t h e  T y p e  1 422 - N ,  a h i g h ­
freq u e n c y  m o d e l  w h o s e  r o t o r  c o n n e cti o n  i s  m a d e  
t h ro u g h  br u s h es b e a r i n g  o n  a d i s k  a t  t h e  c e n t e r  
o f  t h e  s t a c k  i n  o r d e r  to r e d u c e  re s i d u a l  i n d u cta n c e .  

N ote t h e  l o w - i n d u ct a n c e  l e a d  t o  t h e  ter m i n al .  
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F i g u r e  1 0 . I nteri o r  o f  t h e  3 -t er m i n a l  T y p e  1 422 - C C 
Pre c i s i o n  C a pa citor, i n  w h i c h  a w i n d o w  i n  t h e  
r o t o r  p l a t e  i s  rotated bet w e e n  t w o  o p p o s it e l y  
p o l e d  s t a t o r  pl a t e s  t o  g i v e  a r a n ge o f  5 t o  1 1 0  p f .  

prop rt i . ·  u .  ual ly ac<'o m panying . u c h  

tan1p ri n O'. T'hc d iel d ric l os. · of Rexo­

l j t c 1 422 i . ·  e1·vc 1 1 t ia l l y  con1parabl to 

t ha t  of fused q uart z an d along toward 

one order of n1agn i t udc bett r than that 

of . ·t atite. Further, i t . ·  . u rfac i s  om­

parahly hydrophobic to t ha of si l i  one­

coate<l f u .  · d q uartz. That i. ·, i t  i .  · 

moi. ·tur r Ri .  · tant and m·  i nt ai n .  h igh 

l. akag r si . ·  ane w i t hout t h  hazard 

of th possi b l e  d i . ·app a rt n c-e of t he 

Ri l i  on . Th refore, t h  r i is  n o  n eed any 
1 0 1 \0'  r i o provide q u a rtz-i nl-'ul ated ca­

paci tor:-; for "ither ac or de u»c. ' .  

1 4 . . . ·  u.�ual , an advan taO'c h a. ·  i t .  

co. · t .  A . 1na l l  price ha.· b en p a i d  for 

t he use of Rcxol i te 1 -+22 i nsulating 

b u tton s. 'rh zero •apac i t an e of each 

capaci i  o r  section i .· . mn what 1 ro· r i n  
h e  T v 1  I·} 1 422 han i n  h e  TYPE 722. 

'I h i "  di fferen c  us . ·  n r u l  1 , ept 

i n  he ·a. e of t h  . m a l l  . ·tion of th 
'I 'PE 1 -1-22- D ,  ' h i  · h  i .  · n o' l in ear d wn 

to on l y  35 pf vcnm .  · the 2 5  pf of the 
'IYPF, 722. 

1 5 . Adj u st men t of i h c . errat.ed p late 

for ] j u  ari zing the capaci t an ce-rotat i o n  

cu rve i .  acco1n p l i  ·h d b y  advan c i n o- o r  

r t racti H g  h ex-head crew. again t t h e  

. ·prrat ion.s o f  a spri n g-tempered pho. ·-

1 6  

F i g u r e  1 1 . I nteri or v i e w  o f  t h e  3 -t e r m i n a l  T y p e  
1 422 - C D ,  a n ot h e r  w i n d o w  t y p e  w i t h  t w o  r a n g es ,  

0 . 5  to 1 1  a n d  0.05 to 1 .  1 p f .  

ph or-hro n z  p l a t  . Th i . ·  m th d yi l d .  
rn.any advantao- ov r t h  prior u .  e o f  
hand-h nding . lTc. d a l u m i n u m.  p l at s 
w i th pl i  rs. A c "· to he adj u s  i n g  

. - r  w .  · i .  hro igh l a rge c learan ce h o l  

i n  t h  n d  f t h  a .  t i n a. 

16. L v 1-adj u .  · i n rr plate. · have b n 

ov from h r ar to - h  fron t  ro · ·­

bar of h m a i n  cast i n cr so t ha t  th i r  

adj u .-·t i n g  crew n1ay b e  inad ace · -

. i h l  hrough t h e  fro n t  p a n  1 .  T h i  
faci l i t ate maki n o- h a t  a<lj u .  t m  n with 

the capac i or  in  · ide rather than out»ide 

i t..' case. 
1 7 . I n  he d . i gn of h T Y P E  1 -±22- B 

.. apaci tor, e. tra . h i  l d i n g  h a  b n 

rovided ( i h r u p. r wa ·h ers or 

bo h )  t k ep t ray rotor-to- tator fiel d  

f r  m tra er. i n g  n y  o f  the sol id i n  · u l a­

tion , p i t e  i t. ·  exce l l en ce .  Thu.  the 

d i  I ri l o. ·s . i n  the TYPE 1 -122- B ,  

a::;; w 1 1  as i n  h e  - an d - D b \ n 
th two h o t  ele t rodes ·hould b 01 l y  

tho.·e l o. e .  i n  a i r  a n d  a h a i r-plate 

i n terfac . .  
1 8 . A n  exa1ni nation of h a ·  ura ·y 

Rpeci fica ion.  for th TYPE 1 422 apac­
i t or. wil l  rev a l  maj r d i ff r n c  . i n  

form.at phi l o. oph y a n d  the p c i fi ·aiion 

n u mb r .  a ·  ual ly u s  d.  Bett  r on trol of 
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d i men . · i i t.· a.ch i  v d h r  ugh c h an o·es i n  

m chan i ·n.1 d .oign ud i m p r ed to l i n · 

r i  l d  bcii r l i n  arit y o r  i n i t ia l  a d j  n · --

1ne n  f i  o-u re. · i n  . o m  ca.:e. . B t r 
Bu r .. u of t an dard · ert i fi ·at iou. · an d 

more certainty of t he p rec i .  i01 1 of o u r  

o w n  n10asu r m n t .  · n a b l  u · t o  g i v  

b t t  r a ·cura · firrur s for cal ib rai i o 1 1 .  · 

gi ven on t he pan 1 c h art. · a n d  0 1 1  h 

.. p c i a l  l OG-p i n  ·al i l  rat i n . ·  wh i ·h ar 
n1ore ,' i o-n i fi cant an d u fu l . ·ucce ... ·or · 
t o  wha u .  · d t o l · a 1 led w rn1- orr ·­
tion · a l i brn,t i o n .  · .  

'I h u  · t.he 'I Y P E  1 -J-22 Pre · i  ' ion \ u.ri-

A U G U S T ,  1 9 6 1  � 
a b l e  · ·apaeitors are read to IYJVe h 
u .  r i mpro\ cd ·er ic ov r t h  

r ·ord o f  t he r d · ,.,. r 'I rE 
Th r p · . · n t  . · i o- n i fi cau i 1n p rov 

in a n um ber of i m portant ar " . · .  TlPre 

i. · no i n  c n t i o n  t . · n o·o- . ·t t ha t  t hey 

r pre.· n t  t h n H i m.a c i n  p r  · J .  · 1  n 

· apac i t or · a n d work i H  . · i  i l l  u n de r  way 

t h nd that t h i . ·  latest d . · ign of 

prcc l.'101 1  ·apaci t o r  . h a l l  b t h  h n -

fi · i a ry of t h  co n t i n u ous i m prov -

m n t ' that hav nuid i t · pr 

h" · t a. n d ·  rd of th i n d u  · try . 

- P. I .  M ELHOY 

SPECI FICATIONS 

A c c u r a c y :  'ec table.  Th error t al > u l a t  d a re 
po i b l  rror · , i . . , t h  ·um f 'rror conl ri­
butio n.· from ·cLl i ng ,  s t ab i l i t y ,  a.dj u. tm n t ,  
c ,  l ibration , i n icrp btion , a n d  · t andard . T he 
p robable e rro r · ar al mo · t a l  way.· smaJJer. The 
L ccuracy i.· i n c r  a ·cd w hen t he rea d i ngs a r c  C 'Or­
rePt ed u · ing t he 1 0  or n r c· l i l  rat ed vn. l u  · of 
capac i t a n C'e gi vc·n o n  t he eorrcC' t io n  ehart n t he 
c •npuei t o r  panel a n d  i n t erpo l ·  t i ng l i n  arl :--r be­
hYeen e a l i b ra t ed poi n t  . The h i gh s acc u ra ·y 
c·fm l ol tni ned from u p rct· isi on cal i bra t ion of 
a pproxi m.atcly J 00 poi n t s  n t he itpac i t or dial 
which pC' rmi t · C'orreel ion fo r s l i gh t  n'si l u a l  

cccn t ri c i t ie o f  t he worm l r i vc a n d  r q u i re:­
i n terpobl i o n  o ver o n l .  hort  i nt erval . .  Thi.· 
p rc<'i. ion e. l ibn1 t ion i. avai l able fo r a l l  model 
al an ext ra. c h arge l i  ·t d hcl o;,· . · m o u n t<'d 
('Crti fi.C'a t e  of e :i. l i b ration i. , u p p l i  c l ,  gi v i n g 
C'orr ction t o  on mo re fig u re t han t h  t ul u­
l a.t d accu racy. 

C a l i brati o n :  Th n1 .u. u rcd a l l l C'. ' ar obLai ncd 
by com pari n, t o  a I r c i  i o n  I ttcr t hL n. 
± (.0 1 % + . 0000 1 p f ) ,  wit h  wo r k i n g  t an d n rd 
who · ab. o l u t v a J u  ar k no w n  to an accu­
racy typica l l  ± .02 </r c l  t e r m i n e<l a n d  ma. i n­
t a i ned i n  t rm. of r f rcnc · t a n d u rds pcriod­
i C'a l l  · certi fied l y t h  K · t ional J3u r  au o f  

t an darc L .  
The m · u r  - valu · of t ta l ca pn.cit a.ne of 

lhe two- tC'rmi n nJ C 'a.p· wi to r  a.re t h  capaci­
tan ' add cl \.Yhcn the TY PE 1 422 Capaci tor 
is pl ugged i n t o  a TY P • 74-Q9 Adapt o r .  The 
n n certaint, of tbi  1nethod of con neclion is 
approximat ly ± .03 pf.  alibration of tot a l  
«apacitanc \v it h  t h  fi n  -w i re conn ction 

m tbod * u ·cd for the TYP E  722 C 'a paei tor 
re · u l t  i n  n1C'::um re<l va i n  s u pp r  xin11 Lel.r 0.45 
pf lo\\'cr t hm 1  t h o  · e  ob la i n · L with I he T Y PE 

74-Q . Ada. pt or.  

R e s o l u ti o n :  Th l ial  can h • read a n d  s c  w i t h o u t  
di ffi c u l t y  t o  1 /5 l i visi o n .  

The I melda h i .  h'. t h a n  one-fift h d i vi ,  i o n ,  
corr • ponding t o  .004 1 o f  fu l l - CQ.l a l u . I f  
t he dc. · i red ·c•t t i ng is a l \\'ay.·  t t ]  p r  t e h  L i n t h "  
di r <'l i o n  o f  i ncrca.· i ng . C'a l rea l i n g ,  n o  err r 

from. t h i s  cau. · w i l l r '. u l t .  

I n s u l at i o n  R e s i st a n c e :  " L  rH l e r  · t a n dard eo n d i t i o n s  
( 2 3  C, 1 • t h an o c� R H ) ,  gr at r th a n 1 012 

o h ms. 

M a x i m u m  V o l t a g e : � 1 1  m d L ,  1 000 vo l t. , J ea k .  

Ter m i n a l s :  J ac k -t p h i n d i n{!: po t a re p rov i d ed 
on 2-t r m i n a l  m del. · · ta n d a rd '.}4-i nch . pac i n g  
i · u ed . Th r Lor t crmin:. 1 i .  c n n  •d ' l t o  t h  
pa ne l a n d  s h i d d .  Loe k i ng T' Y PE 74 C axi a l  

on . ncc t o r  n. r u sed n 3-t Prm.i n a l  1noc l  Ji:;. 
A c c es s or i e s  S u p p l i e d :  2 T Y P E  74-C5 ::t b l  

,o n n cct o r  w i t h n i l  th rcc-t crmi n u , l  n'lot kb. 

A c c e s s o ri e s  A v a i l a b l e :  T P B  74-Q9 d a p to r .  

M o u nt i n g :  The ea paci t o r i ,  mou n t c d o n  a n  
a l u m i n u m  panel fi n ·  h < l  i n  cr·:i..c k l e  a n d  n­
clo · d in a du · t- t ight Ys-i n c h - tb i e k  a l u m i n u m  

D i m e n s i o n s :  Pan e l ,  7 b y  9,!;1 i ne h e  ; depth Ys 
i n chc , ( 1  0 by 240 by 205 m m )  ov r-a l l .  

*Jo h n  F. II r b ,  " lo e Look at onnect. ioo Error i n  
apa c i l a n ce 1\'leasurem.ents," Gen eral Radio Ex7Jerimenter , 

33, 7, .J u ly 1 959. 
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1(1 

•O 
z 
w "' 0 "' w Q; u z 10' 
� 

IU 

GENER A l  R A D I O EXPER I M  N T ER 

\' BY STAT C 
l C I  r' 

00Mc 
f" "1 E CUENCY 

R e s i d u a l  P a r a m eter s :  

:- i:-:  ;UH' < · vuri " H ;:  l h 
frequ · rn ·y a l ,o v  • 1 0( )  k < · . i i • JO\\ hi-; rrPf ! l l �ll< ')' . 

1 8 

1 a l > l t ' . ' ' h · . < ' rH•;-; n •­
,..:q n 1  n• root of t h • 
I tt-< • l'I\·< · t i.- n ·gl i g:i h I 

, 't>t ' plo , ' .d • o v  · I or F r e q u e n c y  C h a r a ct er i s t i c : 
r wn-t ·r m i 1 ia l  ffH )dPI.'. 
q Ue U C '_\' fo r Uw - H : w  I -
mat � I v  20 :\ ! 1 ·  · ft r f h < '  -
1 •: t< · h  � " · t ion.  

t ·P 1·p::;o 1 1 a n< ·c ·  fr<-'-
• • I lo< h · I"' i :- nppro '\ 1-

' D n 11 1c l 1 ·I , ,\ J c r > r  

V a r i a t i o n  w i t h  fre q u e n c y  o f  e ff e ct i v e  c a p a c i t a n c e  
a n d  D per p f  o f  c a pa c i t a n c e  f o r  Ty p e  1422 t w o ­

l·er m i n a l  IP r e c: i s � o n  C a p o c il o r s .  

1D i s s i1 p a·t i o n  f a d•or: · r 1 1 { '  lo, , · •,..: i 1 1 1 h • I  wo-t •nni 1 w l 
1 ·a1  a ·it ori:; · ·1-c- p r i  1 n a ri ly i n  1 hP ,; ;Hor :-< u p  port s ,  
wh ich � 1 r  o l l \\ - lo,-� l l y.- 1 � r1 · i 1  · l l ' = . ( 1 
- l -12) . 

T 1 1  , very :-:1n; t l l  1 l i:-;:- i p a l  iou f:w l >r 11f 1 IH• t t i  r , , . 
1 •a p;w i t at H'  · c )f t } w b ret •- •rn1i n a l  l ' l l J HlC 'it r..; i �  
' I i ffi · 1 1 1 1  1 o n H 'a " l l n' a nd i .  · . 'f i n1at l t 1 1e 1 10 
grPU t ( ' r  t ha 1 1  :..,() X J ( ) -•• f >r - ' I�, ] ( ) X 1 0  t r o r  
-( "  -{' 1 . 

T e m p er a t u  e C o e ff i c i e nt :  . \ p p ro '.' i i l1; 1 � < · 1 y  .00.-- ' c 
J it•r d ·� r  •( ' · ·n iµ;1 a1 l 1 · ,  fo r 1 11a J l  t 1 · 1 n p1 •r ·lt u r · 
, . uiu 1 µ.1 ·,..: . 

T 'N 0 - T E R M I N A L 
R EA D S  C A P A C I T A N C E  

R F  R E M O V E D  

T Y P E  1422 

C A P A C I T A N C E  

RAN G E, pf:  

-
D - N  - M D  

M in 1 00 3 5  1 00 0 
M o x.  1 1 5 0 1 1  5 1 1 50 1 05 0  

S C A L E, p f  D iv is ion: 
___ � 0.2 . 0 2  0 . 2  0. 2 

0 
1 05 

. 0 2  
A C C U R A C Y :  Pi cofa r a d s  l ist d b el o w  o r  = . 0 3 % ,  whichever is g reater 

I - M E  
0 0 

1 0 5  l 0. 5 
.0 2 . 0 0 2  

- C B  

50 
1 1 00 

0 . 2  

TH REE­
T E RM I N A L  ---
· C C  - C D  

5 o.s .05 

,
_

l_l_0-
+

--1 1 t l .  l 
_o_._0_2�.00 2 .oo� 

Di r e ct- Re a d i n g  ( A d justment):  

Tot a l Co p a c i tcmce -----�-�0_._6_t-+I O. I tj 0. 6 i
- D i ff e r en c e s from Zerol:6 J 0. 1 5  

C a p a c i t a n c e  D i ff e r e n c e  1 . 2 0, 2 1 . 2 l I 0 . 2  0 . 2  j . 0 5  .[I2 0.3 
. 0 4_�0 � .�61 

W it h  Corre ct ions from C a li b r a t ion 
Tot a l  C a p a c itance 
C o p a cifo n c e  Difference:J: 

Ch a rt ( s u p p l ie d ) : =f=%3 t . 04 t  
0.6 .08 

0.3 
0.6 0. 6 ] . 0 8  . 0 8  . 0 2  

o . 3  TQ4 . 0 1  I .oo2 
o.6 T . 0 0  . 0 2  T .oo..t 

( e x t r a  c h a r g e ): W ith Co r r e c tions from Pr ec is ion C a l i b r a t ion 

Tot a l  C a p a c i t a nce 

C o p  a cit a nc e  Diiff e r en c e  :j: 
0. l t . 0 1  t j o. l t 
0 . 2  . 0 2  0 . 2  0. 2 . 0 2  l�o� �:� 

S TA B I L I T Y :  C a p a c it a n c e  ch a n g e  

R E S I D U A L S  ( t y p i c a l  v a l u es): 
p e r  y or not g r ea er t h a n  l s c a l e  d i v i sjon 

S e r i  s l nd uc1a nce , "'-µ._h _____ _ 

Series Res ista nce, ohms at 1 M c  

T irm in a l  C a p a1 c i t a n ces, p 

-=c. 0 6  
. 0 2  

C a p a ci t a n c e  a t  Z e  o Sca l e S ettin g ,  p f :  

--------

0 . 1 0 
. 0 3  

hi g h  

. 0 2 4  
. 0 0 8  

.oUo. 1 0·  
. 0 2  . 0 3  

te rm ina l to c a s e  

. 0 6  

. 0 2  
m in s c a l e  

m o x  s.ca l e  

m i n  sc a l e  
l o w  t e r m i n a  ·t� 

m a  c a l  

1 1  4 0  1 3 5 1 4 5 I 3 5  

2 0  
2 0  
33 36 

. oCJJOlToo� 

. orroo 2  J.0004 

0. 1 7  

5 6 0  
8 5 0  
600 
9 2 0  

0. 1 7 0. 1 7  

74 2 3 
9 8  2 5  
9 2  9 3  

1 1 7  1 1 5  

I c I a l  <"Ill 111' iu1u1 ·P j ,.  l lil '  t'<L I U.l'ibtnl't ' addt' o l  " la o · r t  t l lf• 
<'llpat• 1 t 11r 1 �  pl U!l.!'.t'1l i ut u  a '\' P l' ..,7 l-(Jll  .\ c ln.pior. :t I li \ ic lt c• rror hy 2 " J,.,11 o n. ·  � .. 1 1 i llJ.C i� 11 i :u 1  .. 11 l •t <'nlihra l f •c l 

1 1ninr. 

-d' l � ·dyh t 
1�ou 11d. · /{ (,' 

( '11. !r· 
1 1  "urd l 'r in 

. l ddilio1111 I 
l 'rir� .for 
l'r. Tis'io11 

'11 I if)/·fl l irm t 
1 1  1 .I .). ] H • .\. P l U $ 265. 0 0  142 2 - D  Pr e c i s i o n  C a p acitor $ '90 . Q O  
1 1  R J:"� L 265 , ()0 1, 42 2 -MD Pre c i s i o n  C a p a c i t o r  '90. 0 0 
1 0 1 2  1 .  ' H. Z.( K 255 . 0 0  1422 -ME Pre c i s i o n  C a p a c i t o r  1 1 0 . 0 0  
1 3 -U lt t-•. \ 1  y 25 0 . 0 0  ..t 422-N P r e c i s i o n  C a p a c i t o .  5 0 . 0 0  
1 (  3 ..t  -U n . tt i  :-, 25 0 . 0 0  11 422 - C B  P r e c i s i o n  C a p a c i t o r  55. 0 0  
1 - 1 2  .5. 7  R T• �C l ' H  2 8 0 . 0 0  1 42 2 - C C  Pre c i s i o n  C o p a 1c i t o r  55 . 0 0  
11 ,I) H l•� I  A .  2 8 0 . 0 0  1 42 2-C D Prec i s i o n  C •o p a c i t o r  165. 0 0  

tW h e n  o r d er i n g c a p a c i t o r  w i l h  p r e c i s i o n  c a l i br at i o n ,  a d d  P t o  t h &  t y p e  n u m b e r ,  a n d  a d d  W ORM Y f .o  
ca paci t o r  c o d e  w o r d .  
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1 9  A U G U S T ,  1 9 6 1  � 
IMP ROVEMENTS 
VACU UM - TU B E 

IN TH E 
B RI D G E  

The TYrE l G G l  Vac u u m-Tu b Br i dg 
i · u. · d prinrn.ril  for h igh ly aec 1 1 1·at. ' 

m a · u r<'n l n t H  of 1 .h c low-frcq l Pncy dy­

rnu niC' <'oeffici(:' n t :-;  of vnc n u m  t.u be:-;. I t  

< ' <-1. l l a bo mea ·nrc d i re('t l y  t be . hort-< ' i l'­

<'l l i  c01 1 d u  · tanc · c  para m 'l ( rs a n d  i he 

hy bri d paranwtP1'. · of i 1'< n ,-; i .  · t o rs.  

'rJw TYPE l OH l - B n o w  . ·up<. 'rsedc:-; t hf' 

'TY PE H H ll -A .  'rh i s  htt csl model perm i t .· 
on'a t Pr flpx i b i l i t y  i l l  t h e m easuremen t 

of t wo-sc · t i  n t n l  es, sn< 'h  a triodc­

pent od<':-;. 

Thp:-;c can n ow be 1 1 1  asn rec.l �cquen-

1 ial ly wii h out i he l H'<'<» ·:-; i t.y of recon -

1 1 eet i n g t h e  patc h  eort l :-; .  'Vh i l t h e' 

dyn a m i c < ·o ffiei 1 1 1. · of one >  s<:> · t. i o 1 1 a re 

bc'i 1 1 g  n1cttl".lU I"(:'c l , ilw l!:l'i d ,  eiJ, t h oc l · ,  

snPC'n-gri< l ,  aud p l a t e of t h e ot her 

:-;p( ' (  i o n  i nay l w  g ro u n d ed ,  opeu ,  o r  
<·o m 1 ed <:>c l J i r  · t l)  i o t hP i r  i n d i v i d u a l  

power sn pp l ie:-; , a. · <. l c ' t c>rm i rn  d by t h<.• 

Rd d or S\\·i t c h  . 'C'tt ing.  Thi.· l ast posi­

t io n  p< •rm i t s nwns L l l 'em('l l t  of stat i c  t u be 

· h n ract cristic , ,,· i th n o voltage d rops 

be < '<U l , '< '  of b ri<lµ;e t n w sfor n wrs. A c ·en-

t n 1 ::;wi t ch po. · i  ( io n  l 'nni ' 1 11 .a:-iu rc­
m 1 1 t >f t he ·t:1t ic  c -haraC ' t  risti of b t h  
. · · t ion. · · i m u l tm wously.  T'h ere i · a l so 

p rov i ;-;iou for measu ri n g  t h  d v< l t a �c 

ut t h  " phte' or t h ' ;-;e ·t i o n  w ho:-;c 

d uami • c· tfi e i e n t  is h ' i n g m ::vu n'c.l . 

Th i ;-;  f:>at u r  i · part j e u larly u :-;  fn l i n  t he 

m ea:-; u r  'm n t  >f t ran sist  c w. ·  or h igh-pla ( c'­

c mTent t ube · w h e re the ,·oltao·c d rop 

ae ro ·s the 3-±-oh n1 p r i m a r. of t he on t1 u t  
1 1·ansfo n n  ' l '  m · 1y be ::-;ign i ( i  ·n. u t .  

'rh ' t enn i na l i..uTai 1 0· inc n t  f n· con­

n >c( i n g pon-er . · u p p lies n ow prov i de:-; for 
i \\'( ) OTi < l  t \\'() S( ' l '  ('l l -grid n n d  W t ) 
pla te c'U p p l i e. · .  Two pa i n-> of ter m i n a ls 

p nnii, eo1 1 1 1 eet i 1 w  i n< l i ,· id u a l  <'�t t hode 

rc:-i i :-it or · for t he t wo t u l w  sc'd ions.  Pa1 w l  

p l ug::-; a re pro Y i < l 'd for pant l l t l i n g  h <.:n t <.  t' 
l ea L when t h ' t u b ' i . ·  <l •:,;i gned for bot h 
1 2. ( )- : n< l G . 3-\·ol t  hea t ' l '  c pen1 t ion . 

_\_ - u vi slor soc:k 't i, · 1 10\\' c·uppJ ipJ t o  

perm i t t es t. i n g  i h i :-i  l i t'\\ l i n e o f  t u hc:-i . 
. 

The price n'mat n  · u nchanged < t t. 

.'" 1 1 00.00 . 

LO CAL EXH I B I TS SYRACU S E  TO 
WASH INGTON, D .  C. 

C< rn \'<' l l i Pn t ,  < ·o n 1  p n'l wn :-; i Y<' ,  corn pP­

t < 'n  i ,  an d c ·o1 w i.'<' .  ']'h s<'  wo n l :-;  d C':-;< ' r i l  e 
i lw :..;pc•ond a 1 1 1 1 u n . l E l <' < ' i  n rn i e I n sf rn m c n i  
l\1 a n uf:w t m·er:-; Exh i h i  1 ( E L  I E ) ,  c ·o­

. ·po n :-;ored by s<"Y<' l l l ead i n g i 1 1 si ru nw1 1 t  

m<.Ul ufad n rer:..; . If yon < l l'< behn'<'n 

Sy rnc u. ·< '  an d \:Vash i n gton , yon can rea C ' h 

:ln f'xh ihi t  l oC 'a t i on C'asi l  . l\! I an y  n ew 

i n:--( ru n 1P1 1 t s t o  so l ve you r rneasnrenw1 1 t  

p ro l > l •m:..; w i l l  b e  < l em on s 1 rnt ed by fn <'­

i o ry en gi n c  'rs . You can <l i seu. ·s y o u 1 ·  

i n t eres t s i n  u u h u rr ic<l dC't n i l .  

The ·'l 011i-;01-. · : .n ' C i Prn l H ac l i o  'om­

p:1 n y  La m bdn E l ect ron i C ':..; I n  · . ,  N' 0 1 1 -

L i n e;ir Sy:->.t m:..; I nc .  Pa n ram ie El < ·­

i ro1 1 i c s  I nc .  S 'ni-:i t i vc R c:-ieareh I n e . , 
'l'<'ldro n i . - I n e .  a 1 1 d  Tr i o Lal o n  t o r i c:-i 

I n e .  Th sdw< l u l e  of exh i bi t :-- i s :  
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� G E N E R A L  R A D I O  E X P E R I M E N T E R  

, ' y r:H · 1 1 ,.., '. _ �{'\\ Yori· . , ' h  ra t 1 1  I a n  
' •p t l m l > •r  2 1 T h u r  Jay. 1 2 : - 7 :  

P . l\ L  
. T o r w : 1 l k .  ' <  1 1 1 1  ' ( · t i C ' u t  

� r ot or T rn , � '  'pl embpr 2;:J ,  

L :  ( - 7 :0 I . � I .  

. T o nn l k  
J. f  o n  h y ,  

1 oosl'\·C ' l t • icl d .  L .  l . .  • C'\\. Y < rk 

, 'u�amon• l V  0111 ,  • ' •p t •mlwr 2- an 1 

\\' · l i 1  :;: la:'\· : u c l  Th u r. c la y  I :0 
P. :\ f  

C < '  la r  
'1' ) \\" 'I' · ,  

7;  0 1 .  I .  

� l'( ) \" ( ' ,  
< ' I  o l w 1· 

• • < ' \\ . f e r�ev. 
2.  ). l ond:t 

Th 
l :.. :(  

P h i l a  l cl p h i a ,  l C'1 1 1 l '-'.,·h·a n i a .  B l l  n t ' 
� t  ra f< rd H ot �1 d ol r 3 � 1 I I Tu('s-
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