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REF E R E  C E  S T A 'ND A RD CA PA CIT O R  

The tran f r ( th CC'nra y of 
mea urem nt · at the _Ta i 1 t 1 Bur<'au 
of ::-;tnndar L l oth r lab ru n . r -

q iir . .  ·tan L rel· of orrcspon lincrly high 
,.,(ability. F r xa,mp] , :'\ 1 � HO\\. ·ah

lm 1 -.;  ea.1· ·ih1w �1andard' of 1 pf 
at 100 ·ps with , n a<Tllra<'� hf'tt<'r 

0.( 0:2 :t, r + :20 ppm (part:: r 

milli n). Hut, wh n Y rt C'ap c-itor euli

hr t d :. t .i �I , ' i·· ni 'T d to anotlwr 
lahornt ry, tl nnc rtaiuty of tl cali-

1 n tion i · incr al" d hy th po .-1hl<' 
hung � in a1 aC'itan · wh n th c-apa ·1-
nr i. tra 1:f IT to an l mea. ured fl:t th 

11 w 1 et iion. \1pa<•i1 an ·c ch•rnO' �of th 

m·dcr f '.... ppm an o · · ir rn mo· t pac
itors f r v T· L r t n .. 

SOURCES OF INSTABILITY 
Mechanical Shock 

Per ap. th mo._ ob ·i n ::.; urcc of 
ehan r i.· m ehuni ·al di�pla m 11 of 
th 't pa ·it · 1 lat r �nlting fr m v1-
hrati n or ho ·k in tran� p r · or in 
h< n lin . _\I ·t capaeitor� mu t. h 
h, l l cl ·with particular ·� rC' i. k <'P 
·u ·h ehang b 1 w :_Q ppm. E,·cn with 
n h .. nclJinrr at all, a rapacit r :it li11 -r 

11 a h if <':.lI change in eapa ·i unc · 

"�th iim , l <'<'a 1 any �train· lef lll 

Figure 1. View ,of the 1000·p1 
capacitor removed from its cabi

net and sealed container, show

ing the construction of the plate 

stack. 
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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 
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th 
con 
thu 

•apa ii.or mat ria.l 

truc t ion can c hang 
·hange pla e area 

Temperature 

at the time of 
\Vi h ag and 

or eparation . 

a pa ·itanc c hang al o r ult from 
ternpcratur change, not nl be au 
th dimPn ·ion ar ·hanged by mechani
cal cxpan. ion but al o becau th per

miti ivit parti·ularl of li diel ctric 
mat-rial varie with t mp rat ure . 'I' pi
cal t andard capaeit or '"'ith air di
electri c  and plates of bra s or alum inum 
hav t emp ratur ·o ffi ·i n t  of capaci
tan e of he or er of 16 t 22 pp m/0 

whil the coeffi. ·ient of a mica capaeitor 
i of th order of 40 pp m/°C. L-n r tain
ti . of th order of 20 m ·an heref ore 
re ul from temperature c hange of onl 

n d gree . In ord r to apply correction 
to reduce the uncert ai ntie , aecurate 
kn.owl dge of bot h  capacitor temperature 

nd temperature co ffi. ·i nt i. r quir d. 

Atmospheric Pressure and Humidity 

hang of ca pacitanc �wi t h  atmo -

phcric pre ure and h u midity a re l cs 
familiar bccau th ffe ·t are u ually 
negligible. I-Iowev r, in an air-di le ·tric 

a pacitor that is no h rm t i  ally 
eal d, t h  d n i y of the ai r dielectric 

l n apa i or p l a t  will change 
with temperature and with atmospheric 
pr ur . Th r ul ting hange i n  ca paci

tance is about - 2 npm/°C .a room -

the 
d -

·r a if uch an un cu.led 
capacitor i moY d from \Va hingt n 
n ar ea lev 1 to t he mil -hi -h alt it ud 
of Bo ulder , ol rado th apa ·itan · 

will d er a b t h  no-longer-incon-
iderable order of 100 ppm. If wat r 

v· por l pr nt in the air, th dielectric 

con tan i incrca ed, and the apaci
tan · incr a with a ·mo ph ri humid
it. i approximately 2 ppm p r p ·r nt 

r laiiv humidity. Wat r that ond nsc 
on C'apacitor prate r oak into lid 
di l n ca i apacitan ·hano-c 
tha are u ually l arg r and le pr di t

able. 

Hysteresis 

Another d fi ien y, "\lvhi h app · r in 
mo t ·apacitor v h n par s p r million 
be om import ant is t ha· of hy t r c i. 

in the relat ion betwe n capacitan e and 

temp ratur . When a capacitor i ub
j cte t o  relati vel laro- temp rature 

. hang u h a tho e t ha can r ul 
fr m hipm nt the capacitance at room 
temperatur ma hav a differ n value 
aft-r h apa i t  r ha b en ho t han it 
ha aft r b ing old, a hown in Fig

ur 2. In thi exarnpl , the a pacit or 

may tart at th apa itan RH at 
room temperature, TR increase to the 

capacitanc , CH, when heat d, and re-

©1963-GENER.AL RADIO COMPANY, WEST CONCORD, MASS., U.S.A. 
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CAPACITANCE 

011,.r J"tpollnc;i 
CRH I -----

CRC f 
6CR �2<.\>\"-� 

Te TR T TEMP 
- \ 8-'"""C. i:�"" (, to'::</� 

Fi gur e 2. Capa ci tan ce vs temp era tur e dia gram sh ow 
i n g hys ter esi s. 

turn to CRH wh n ol d to room t m

p rature. Thi ·y ·le can b retraC' d a ,  
long a th capa ito r doc not go much 
l cl ''" ro m tempcratur . IIowen'r, whe n 
the capa itor i cooled to the lo\ t m

p rature, Tc, and r turn d o ro m 

tcmperatur , th ·apacitance a room 
temperature ha a new valu Ca low r 
than the initial C nu. Again th ·old 
cycl ·an be retrac d from Cnc to Cr if 
the capa i tor doc. not go far a b  v 
room t mperaturc. \Vhcn the capacitor 
at C n i heat d to T n and th n cooled 

h 

A U G U S T, 1 963 

·tructure, which r · t  ri ·t the motion 
r ulting fr m i h th rmal tre · " In 

mo t mechanical i.ru tur th h., 1. r -
i ·y l i � no . o .·impl or o retracc

able a <:: urned in thi xample. 

Voltage and Frequency 

Additional our ·c of capacitan · 

·hang are Yari tion in voltage and in 

freq u ency. hano- of apa ·itance no 
great r th� n a few ppm can be exp ct ed 
in andard air capacitor with voltag<' 
in the u ual measu rement range b 1 w 

ay, 100 volt . In ih· r d-mi a pae1-
tor , u ·h a th TYPE 1-109, hang ._ 

from 10 to 200 mm· o · ur for volt
ao· chang from 1 to 1 00 voU . 1 'uch 
·hange · u:-:; ually re. ·ult from mall i;-;o

lated e ·tion of thc �il ver film that con
nc ·t, ·o the main bod. of film and add c·a
pa ·itan ·e a th applied voltage in-
T a e . The mao-ni ud of the hange 
variC's widely fr m .. pacitor to apa ·1-
1.or, dependino· upon th qualit of 1he 

il ver film. 'VhC'n foil clcctrod ar u d 

in t ad f , ilv red miea the change. 
\Yith voltag deer a.· to the ord r of a 

f w ppm. 
In both air and mica capacitor t h  

rate of ·hang of capa ·itan with fre
quency i gen rally mall no ugh to 
requir no unu ual fr qu n y tability 
to keep th capa itan e un rtainty 
small. Onl \Yh n th frcqu · n y of 
mca uremen a pproae'he the r onance 
freq i n r of the capa ·itor d accnraC'y 
of frequen y be ome important o that 

tandard fr quen ·ie are required. 

NBS Calibration of Type 1404 Capacitors 
A r epor t of ca l ibratio n of th e di rect ca pa ci tan ce of th es e ca paci tors ca n b e  abta i n ed from th e 

Na tional Bu reau of S tanda rds. Af ter Ju ly 1 ,  1 963, th e a ccura cy of th e r epor t is ± 2 0  ppm . Th e f ee 
( It em 2 01 . 1 05a i n  T est Fee S ch edul e) is $35.00. For fu rth er i n forma tion pl eas e wri te: Mr. Ch est er 
P et erso n ,  Chi ef ,  R es ista n ce a nd R ea cta n ce S ection , El ectri city Division , NBS , Washi n gton 25 , D .C .; or  
Fra nk D .  W eav er, A cti n g  Chi ef, Low-Fr equ ency Ca libra tion S ervi ces, E l ectroni c Cali bration C en ter, 
N BS, Bould er ,  Colora do. 
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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 

Connections 

The chang in capacitance produced 

b the connection to t he capacitor can 

al o be a ource of error. These onnec

tion error wer de crib d i  omc d tail 
in th B.rperimenlel' a fe, ar ago.1 
In ·, pacitor8 with un 'hiclded plug-and
jack t'.Onn ctors , a portion of th ·ali-
1 rated capaeitanC'e i. a'" ociat d with 

th� terminal · of b th th apa C'itor and 
th bridg on which it i mea urcd . 

, mall change in the geometry or in i he 
environment of these terminal may pro-
duc:P C'apaC'itanee · hang a l· rge a 
0.1 pf. To limin· t uncertain tie, of this 
order whi ·h ar important in accurate 
calil ration f 1000 pf or le'·, t he termi

n:. l g ometr can with care, b defined 
and controll d to th required preC'i.·i n. 

Or, more ca. il:v in m st C'a e , th 1 rmi

nal ('apa('itance ttnd t hc:>ir unC'crtaintie 
can b liminat <l h r the us of thr e
t rminal capacitor and thre -terminal 

mea uremC'nts. 

A N E W  REFERENCE ST AN DARO 

� n w capacitor has been de igned to 
obtain a tandard in \\·hieh capacitance 
c hange remain ·m, ll com par d 1 o 20 

ppm without the u ' of unu nal car<' in 

handling , in n,·ir nmcntal control , or 

in met urement . Thi· i.· th n w TYPE 
1-!0+ Reference , tandard apa('it r, a 
thrC'c-terminal, seal d, d1. -nitrogC'n-di

C'lcciric- capt C'itor with d irect ('Upa('i
t<. 11(' f 1000 pf or 100 pf. f4tn bili y in 
thi capa('itor has been obtained not l y 
unusual dC'. ign bnt b:v th u.. of a 
. impl <' . olid. homog n u . tructnre of a 
:inglc, low-t mp ratnr -c·oeffieicnt ma

tcric.. l cal cl in an inYariant atmo phcre. 

Construction 

Th capacitor a. shown in Figure 1, 
i. made up of a ta k of ronnd In var 

plates, mount d on .ix In var po t · and 

spaced from one ano her b. InYar �pac

er . Th po t� are mounted on a Yi-inch
t hick Invar ba eplat , ·1nd in ulated 

from it by c rami · pacer . T h.is alrno t 

ompl te u e of Invar re uH in a ·apa ci

tor whose temp rature co tfici nt of 
capacitance do cl.v approximat that 

of the lnvar. abou t +2 ppm/0 
The u · of a . in&le low-1 ernp raturc

cffi<'icnt metal make the oefficient 
of th capac i tor more r I roduC'ibl and 

eliminate the differ n tial drift that can 

occur when th ·apaC'itor u · . two metal 
of higher 1 ut mut.uall. compensating 

ffieiC'n tR. 
'I he capacitor i 

hermetically �ea led 
mount d in�id a 

h avy bra · endo-
snr . . All 1 ·tri ·al ("Onne ·tion ar' made 
through gla . -to-metal 'cabs. Before the 
exhau t 1 nbC' i,' sealed t he enclo ur l'" 
evacuated to remov •v t r v· por nd 
i filled with lry ni t r o- n at atmo pherie 

ermancni, po itive seal-

1 J. F. llersh, ".\ Clo L ok at on11cclio11 Errors i11 
Ca.pacitanre \ r ea ur ments," G neral Radio Experime11ter, 
33, 7, July, Hl59. 

Figure 3. Panel view of the Referen ce Sta n dard 
Capaci tor. 
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F igur e 4. View of c a pa c itor w ith c a b inet r emov ed ,  
show ing th e sealed conta iner and t h e  thre e-term in a l  

tr im mer. 

ing i n  an in Yarian t  atmo._ ph re ma1 

b th eapa('itmwP and diR ipation fa ·tor 

'irt lal l  independent f environ mC'ntal 
ehange ·inpressu1-c,al t i tnd orhumidit . 

'I'he . ealcd C'ap acitor is mounted on a 
. olid a l umi n u m  ca. tin g w h ic h  is fa ·tened 
to t h  fron t pan l of th cabinet, a 

hown in Figure -1. \V C'b._ in 1 h C'a._ tin g  
provide ·hieJding })(' t ween th t wo lead 
from th capa('itor, w hich ar conned d 
t two r · .-. d l ocking TYPJ.J 87-1- o
axial onn ctor on t h  panel. 'Ih l eft 
or H con nector i. completcl. r in · ula t ed 
from th panel to liminate ground-loop 
trouble when long 1C'ad ar u ·ed and to 

f· f'ilitatc th LL e of t he ·apacitor as a 
di ·ipat ion-fa ·tor tandard .  The pa nel 

connec ors can b con vcr t cd t o  most 

o her ommon types of coaxia l eonne -

r · by t h  u e of the appropriate 
TYPB 874 Adaptor , and the ]o('king 

er ion of the adaptor can he u 'ed t o  
mak h e  conn ct ion . cmipermanent. 

� l o mount d in the web i a three
t rminal t rimm r capaci or u d to ad
ju t capacitance over 'ery mall ranges. 

Th capa ·itanc of thi trim mer i uch a 
Rmal l  par of th tot 1, al out 0.01 % that 

it. effect on over-all stability i negligible. 

A U G U S T ,  19 63 

Stabil ization and Test 

Aft r a embl and ealing, ch ca-
pacit or i sul jected to a number of h o t  
and cold · y  · l e  of t mperatur t st a bil
ize t h e  truc.:tur and to determine th 

temp r tur o fficient a nd t he magi i

tude of t he hyst re is. '1 he capacitor :is 
h ated to approximately 65 or 1 -o F 
(T 11 in Figur 2) then cool d t a r m 

t empcrahU' . Tn, of 23 or 73 l• and 
measured i o determine th e capacit a n c·c 
CRH G ft r a hot 'j elc. Similarl y it i. 

cool d to a t mp rature, 1 r, of -1 
or 0 F, then m a ured at room t mpE'ra
t .ure t o  detc-rmine the capaC'itancC' C He. 
after a · ld ·yclc. The h o t  c ele i then 

repeat ed t o  return the ·apacitor t o  the 

cap· eit anc Cnn and t d t rmin the 

retraceabi1i1 v of th ycle. The limit . -
for aceeptabilitv ar that t he q r]r re-
traces within + 5 ppm and hat th 

'capacitanc·c ·hange 
tur . � 'n, doP n t xcc d :....o ppm for .. 
t,neR hot · nd cold cvdc ·. The C'apaC'i

tH.nce · hang from h . ter . i i typi ·all.:• 

le t han 10 ppm .  T he change in apa('i
tance at room t mperatur , � n = 
C n 11 - CRr, i the m a 'Ltr of hy ter-

c. 1 . .  
The t mpcra tur co ffi ·i nt i dC'ter

minC'd from mea ur m nt. of f'apc citanct' 
made during thi. c- ycling \Yhik t hC' ca
pacitor i.· at a known t emperature above 
or b low room t mp ratur . Th C'Oeffi
<'ie1 i i , typicall.v, · n i ant Yitmn + l 
ppm/0 over t he tempcratur range of 
t h  . c.vel . The acceptable range of 
temperat ure coeffiei nt is from +O to 
+-± ppm/0C'. The tyrpieal coeffici nt is 
+2 + 0.:- ppm/°C . 

Th temp ratur cycl ing is al o a t t 
for 1 ak in the herm ti· al . When 
leak are pr ent, the cyel do not r -

trace and he capa ·itanc f'hangcs with 

time. 
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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  

Adjustment and Calibration 

_\ftcr a capacitor ha pa cd the tests 
for tabili y t mper·�tur ·o ffi ·i nt, 
and hy tern ·i the eapacitanc:e is ad
j us1. d by m an of the trimm r t make 
the mea ured capaC'itanc Yery close to 
the n min.al Yalu of 1 000 or 1 00 pf. 
The TYPI·� L-+O+ capa ·itor. unlike mo t 
pr viou' .·tandard c·apaC'itor.. ·an he 
adju::sted ca ily with n,n ae ura ·y almo t 
equal to th pr C'i.·ion of mea urem nt 
which i better than + 1 ppm. The m a -

ur m nt i' mad by compari ·on on a 
Typg 1 6 1 5-A apaeit an• Bridge \Yi th 
on of a group f TYPB 1404 working 

tandard tha hav b n · l ibrated 
from a gr up f "imilar r f r n tand
ar . periodicall v mea 'ured by the X a

tional m· au of tandard . Th a ·cu
racy of th XB. c·alibration of the. c 
r f renc tandard , i + 20 ppm. 

E�ch capacitor i adju. ted at a room 
t mperature of 23 + 1 and a fre
quency of 1000 + 1 0  p to a ·a.pa ·i

tanc 5 ppm aboYe the nominal value 
\\'i h re pe ·t o the xeneral Radi r fcr-

nce tandard . The adj n tmen t to a 
valu abo\'e nomin 1 (c.cr. 1 000.00- pf) 
iR made becau the . tandnrd is a Little 
more c onvenient for u. e in bridg ·ali
hration when it i · lightly greater in
. t ad of l s than nominal (e.g. 999.995 
pf). Al th ugh the preci ion of adj u t
men t exceed 1 ppm, he uncertainti 

f room temperature and capacitor 
temperature c ffici nt add to th ad

j u tm nt rror, o that the adju tment 
aC'curacy t the tatcd temperaturt> ii;; 
approximatelv + 5 ppm. 

Thf' final adj i tm n of apacitancc 
at room t mperatur i ah ay m d 
aft r the apa itor ha la t been t hrough 

a hot yclc to 65 C o tha th capacitor 
i at th po i 1on imilar to CRH in he 
eye le of Figure 2. 

Stability 

After adju tm nt and calibration, the 
value of the capacitor a a t ndard d -
pends prim aril  upon it tability. 

'Ihe Typg 1-±04 ·apa ·itors how very 
small chang \\·ith ori ntation. In typi
cal unit· the ·hancre i. l . than - ppm 
wh n the capa cit r i · turned in ali d · · � ·
tions, and any <'hanO'e is re\·ersihle. 'I'h0 
acc-eptabl limit of C'hang with orienta
tion i 1 0  ppm. 

rI h ·apa ·it r are rclati\ ely free 
from microphonic · therefor , the short
t rm tahility i d t rmined mainly b�· 
change in temperatur produ · d b�r 

nvironm ntal t mperature hangc . 
vVith the temperature coefficient f 

+:2 ppm/0 , a high d oTe of tabilit�· 
can be ob ain d with only m d rat 
t mperat.ure control. vVhcn hio-her ta-
1 ility i r quir d, the capa ·itor can b 

op rated in an air r oil bath with clo. e 
tcmperatur control, in - th ffe ·t of 

conne ·ting cabl e can be mad 1 egligil lC' 
with three-terminal conn ction and 
mPa urem n t- . \Vhen an oil ba · h i u. ed 
the panel with conn ·t r and trimmer 
can bP k pt above t hP oil by the addition 

of longer . pa r and hield d lead be
t\ een pan I n.nd apa ·itor ; nly th 

al ed con ainer of the apa ·itor i im
mC'r. ed. The modificati n an be made' 
without change in the calibrated ca

pacitance. 
Any r f tandard capacitor 

WC'tU'!" along with that title an implicit 
"Handl with Care" ign. Careful han
dTing ot the TYPE 140-± capacitor. i:-; 
al wa. r a wi pr aution , but it is not 
al wavs a nece .. ity be ause the tructure 
i not. d li ate. ampl e capacitor have' 
b en put through impa t hock te t.· 
of from 30 to 50 g with 1 1 -milli cond 
duration

· 
. and th re ulting capa ·itanee 

change have not exceeded 50 ppm and 
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ha 111 been n ly a few 
ppm. The capa itor haY a l  o \Yith
'tood equa lly well tho immea ura b l  
aud appar ntly unavoidable, ho ·kt t 
whi ·h ccur in normal hipm n . 

I ro lec tion from th m chanical and 

A U G U S T ,  1 9 6 3  

Fi gur e  5. Equival en t  cir
cu it o f  Typ e  14 04 

Capacito rs. 
Co= 1 000 pf f ar 

Typ e 14 04-A 
Co= 1 00 pf f ar 

Typ e  1 4 04-B 

H L 

.al �.r 1 __ ) 9 .05 
µhH�µh 

: Co : I 
-L. 
,...,...._ 30 I CH pf I I 

I 
-L. 

thermal ho<.:k is provided by th hip
ping ontainer of expandable poly t -rr n . The capr:citor can be k pt in this kept i n  mi d. The direct or three-\ attractive pla tic ca not only for tor- terminal apa ·itan e at th t rminal of 
ag and re hipmcnt but al o for reduc- h apa ·itor increa with fr qu ncy, 
tion of thermal tran icnts during labor - primaril a th re�ul of the re onan · 

tory m a urement . 'I'h th rma l time (in th quiva lent eircuit of Figur 5) 

con tant for chang in arn.bient temp r- betv>een th . rie in ernal lead induct-
ature i increa cd from about 1 h w· t anc · L and the ·apacitance, CJ), 
:.. . .5 hour when the metal hunted by th gr und capa itance , CII 
c·o,- red by the p la tic cas . The effe ·tiv capa ·i-
ar ronnec . t rough hole. in the ca tance i, 0(1 + .f2/j/), wh r 0 i. ������� ��:::::?-.���������� 

The long-t rm , tability (th ·apa i- th low-h quency apacitancc and fv i 
tan· chang with time) of a w 11-cod- the re onanee fr qu lley. The r onanc 
dl d capacitor i as important a. it i frequ 11 ·i arc approximat ly �r 
parti ·ularly diffi u lt to measur wh n the 1000-pf TYPB 1-104- \.and 47 1\Tc for 

the chang may he no more than a few the 100-pf TYPE 1-JO-l-B, and the corr -
ppm. l\Iany month or . ar and many sponding rn snrino- frcqu f, for a 
capacitor of th high t t abilit ar capa ·itan c incr a of m are 
rf'quired for tal i lity mea ur ment, and 113�e and 332 k . 
neither has been aYailabl in adequate 
q uantity for thi ne"' capacitor . Pre en.t 

, imat of I ng-term drift mu t b 

ha ed up n the intcrcomparjson of a 

f 0w capacitor for th p riod of a year 
or le and upon a few alibration by 

XB, ' , but the available data indiC 'ate a 
drif rat ". 11 'Yi thin 20 ppm p-r year. 

ata of more ignifi can. e are now being 
a umulated by l- and b the many 

t ndard laboratori which ar already 

u �ing th TYPE 1404 capacitor and 

sending them pcriodi ·ally to NBS for 

alibration. 
H igh-Frequency Performance 

�\.lthough intend d primaril y for low
fr quenc application , h TYPE 1404 

apacitor an b u ed at high r fre-

quenc1e if rtain con id rati n are 

Y hen lead arc connect d to the 
capacitor, however the seri inductance 

f the lead will 

Dissipation Factor and D Standard 

Th lo e · in th TYPE 140-± pac1-

tor are extremely low becau the only 
effectiv dicl tric in the alibrated di-
r capaC'itance i dr�r nitrogen. All th 

ramie in ulation affects only th ca-

7 
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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 

pac i t ances to ground,  w h i c h  are excl uded 

i n  a t h ree-terminal mea u rem nt . Th 
l o · is l o w  enou gh t o  be c mp rable o 

t he u n  rtain ti i n  t h  cal i brat ion of 

m · avai lab le tandard of di i pa t i o n  
f ·  · to r .  Th b t . · t i ma t at presen t  i 
t hat t he d i  si pat ion factor a 1 000 c ps 

·an h mai nt ain d p low 1 0 m an d i 
ty piea l l y  le. s than that . 

B eau .:e t h  d i  ' i pa t ion fa ·tor i v ry 

l ow and constant i n t .h i  eal d capac itor , 
t h  C 'a pae i t or c· 1 a l  b u d a a 
. t.andard of di sip., t ion fac tor ,  for exam

pl , i n  l ridge cal ibra t i o n .  h de i r  d 

magn i t ude of D can be o btained by t he 

add i t ion of lo in t h  form of a cal i

b rat ed fixed or d c· de re · i  t or i n ne 

r in paral le l w i th th capacit r .  * 

U ses 

T he primary u e of T' YPE 1 40-1 capa i-
tor refer nee or working ca paci -1 I • DPt a i lccL procPdure for this USI" of t he T Y PE 1 404 c a pa · i 
lons may he f ou11<l i n  t h  Operating In tI·uctions for t h  
T Y PE 1 6 1 5-.\ Capacitance Rr idp:e.  

tance t andard f t h  high t rd e r  for 
the calibra t ion of o t h r capac i t o r  and 

bridge . Th high abil ity h o u l d  p r

mit the a c uracy of K BS c a l i brat ion t o  

be ran ferr d t o  other l aboratori wit h 
uncerta i n  t ie le t ha n + 20 ppm. 

For many ·al i brat ion u ·h a t hat 

of t he TYPE HH - -A Capae it nee Bridge 
i th r t h  1 000-pf T YP E  1 -10-1-A or t h  

1 00-pf T Y P E  1 -10-1- B c pacitor can b 
u d wi th q ual ac u rac . There is n o  

igni ficant d i  ff - ren('e i n  C'J l.wJ i t y b t w  n 
t h  t wo model b ut the differen(•f' i n  
capa eitan ee is  u e f u l  for ome p- c i c. 1 

pu rpo uch a t h  ext n ion of t he 
prec1 ion of t he TYPE 1 1 5-A brid 

- JoHN F .  HER ·H 

CRE DITS 
The d ·ign and development of the 'T Y PE 

1 404 R eferenc tandard apac itor was ca rr i ed 
out by r. H r�h ,  "· ith mech an i al design u p
port from G. A. lemow , Desi gn- Eng i neer. 

- B DI'l'OR 

S P E C I F I C A T I O N S  

Cal i b rat ion:  A certi fi ate f ali bration i .  
. · uppl ie< l  w i t h  each capac i tor gi v i n g  t h e  mea::.;
ur d d i rect paral l el capaci tanc at l k c  and at 
2:3 ± l ' . Th ni.ea:-;urnd valu is obtained b 
a com.pa r ison o a pr i . · ion b t r t han ± l 
p p m  w i t h  \\"Ork ing :->tan l rds who. e absol ute 
va, l ues a re known to an accu r·acy of ± 20 ppm , 
d ctcrm.i n ed an d mai n ta i n  d i n  te rm. of refer
cn e •tan danL perio l ica l ly mea;;;u red by the 
�ati o n a l  Bureau o f  , tandards.  
A d j ustment Accu racy : T h e  capaci tance i s  a<l
j usted before cal i b ration w i th a n  accuracy of 
± 5 pp1n to a capaci tl'tn ce about - ppm above 

t h e  n o m j n a l  val ue r lat i ve to the ca pacitance 
u n i t  maintained by the Gen ra l Rad i o  referen e 
:-;tandard . . 
Sta b i l it y :  Lon�-tcrn d ri ft L l .· than 20 pat· 
per m i ll ion per yea r. M ax i m u m  change w i th 
orientation i s  1 0  ppm , a n d  i s  completely revers
i h i e .  
Tem perature Coeff i c i e n t  of Capac itance:  

2 ± 2 ppm/° from - 20 o + 65 
A mea-.;ur d val ue w i th an accuracy 
± l pprn/ 0 gi ven on the certi ficate. 

Type 

of 

Temperature Cy c l i ng :  For temperature cycl i n g  
ver range from - 20 to +65 C ,  h .  stere:i ;

( r  trac abl ) i les than 20 ppm at 23 . 
D i ss i pation Factor: Le:ss th an 1 0-5 at 1 k c .  
R es i d u a l  I m peda nces: 'e eq u i valen t  c i rcu i t  
( Figurn 5 )  fo 1· typical values of i n  erna l .-eries 
i n d uctan ce- an d r m i n · l <'apac itan ce.-. 
M a x i m u m  Voltage: 750 vo lts . 
Term i nals:  Two c x i a l ,  loc k i nf?; T Y P  74 ; eas i ly 

onv rt i bl t o  o her type · of con n ecto r. b. 
a ta h men t f l o c k i n g  a laptors. Out er sh l l  of 
one c n nect r i s  ungroun ded perrn i t  ca paci
t r to he used w i t h xten a l  re:-;i t r a a < l i ssi
pati n-fa tor . tanda1·d . 
Accessories Suppl i ed : Two TYPE 

ab] nnectors. 
74- 5 A 

Ca b i net: aled i n n  1· on tain er n10unted i n  
o uter lab-hen b al u m i n um ca. e. Eati i l y  ada pt
able to oi l im.mersi n of i n ner . ·ealed con t ai ner. 
D i m e ns i o ns:  Wid h 6%, he ight 6 % ,  c l  pt h 

i n  he ( 1  T by 1 70 by 205 m m ) ,  ove r-a l l , 
i n  l u"l i n g  handle. 
N et Weig ht: Y2 p und s  (3.9 k g ) .  
S h i pp i ng W eig ht:  1 2  pound. ( 5 . 5  k g ) .  

Code Nwnb r Price 
1 404-A R ef erence Sta n dard Ca pacitor . . . . . . . . . . . .  . 1 404-97 0 1  $225.00 
1 404-B Reference Standard Capacitor . . . . . . . . . . . .  . 

. 8. Patent T • 2 , 54 ,457. 

1 4 0 4-970 2 22 5.00 
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A U G U S T ,  l 9 6 3 

T H E N EW LO O K  I N  H I G H - F R E Q U E N CY 

O S C I LLATO RS 

The General Radio high-frequen y 

o i llators ha e found wide pread u e 

a imple  ignal sources . They cover a 

very wide frequen y range , and ' ith 

acce ory equipmen , which incl udes 
:rhodula ors mechanical w ep , a ten u
ator , coaxial fitt ings, and a variety of 

power supplie , th y can be a mbl d 

into more soph . t icated y t ms to meet 

specific needs . om of the e po ibili  i 

are indi ·ated i n  11 igur 2 .  
T o  e nhance furth r h e  adaptabil ity 

and convenicn e of th c o i l lator a 

red sign of panel arrangem nt ha b n 

carried out. The " n  w look" pro ides a 

imple  uniform pa kage whi h i r a lily 

atta hed to any on of an pan ded l ine 

of c om panion power suppli or mounted 

in a tandard rel ay rack.  While the 

e onomical L-bracket con t ru t ion hat 

ha be ome a vir ual trad mark of th e 
1 G. P. l\1 cCouch, "A ew IIF ignal ource, " General 
Radio Experimenter, 35, 3 ,  l\1arch, 1 96 1 .  

2 E .  I arplus, "The TYPE 1 2 1 1- , An Improv d ' n i t  
0 cillator," General Radio Experimenter 36,  10, ct b r ,  
1 962. 

POWER SUPPLY MOOULATOR 

FOR ULTI MATE 

m ST.l.BlLl lY  

P" O�  �E:l•T1Vt l MMUNl"'TY f'AO"" 
L.INE T R A N S l C NTS 

FQq MAX '-!UM 
OUT�UT' AND MINIMu� COST 

"O" 100% SQVARE:WA.YE Oft PULS!: 4.M, M �'.IOho.\.lM POWER OUTPUT, INTCAkA.L 1-h. SOUARE WAVE 

FOR AMf'LITUOC
REGULA T CO CW OR 
1-.. c 50llARC-WAVE AM 
ESPECIALLY vsE.,-UL FOR SWEEPING 

FOR HETCROO"P'NE OCT CC TOR USC f:lO Mc 1-F AMPLIFIER! 

r=l LJ 

�--'-'�W�E(Pr<N�G'----� 
;y� 909-PI -P2 

OR TYPE 908- R96 
DI AL DRIVE. 

OSCILL ATOR 
1 YP£ 97• - M RI.. �1XER' A(CTlf">E"R 

l--§::::-ic::=3--< StGNAL INPUT �--� y 

Figure 1. Panel view of the Type 1 209-CL U n it 
Osc i l lator. 

o · i l l a tor ha b n r ained 

are now 7" h igh and " wid 

th pan ls 

the same 

ed TYPE 

to 1 050 
· 1 z  a th pr viou ly an noun 
1 3  1 -A U I I I� 0 cillator (450 
.i. I ·) t and t h  
la  or (0. 5 

T YPE 1 2 1 1 - n i t  i l -

th 
0 50 M ) 2• 

TYPE 1 209- L nit 

� igure 1 hows 

i l lator. The 

n w model with th ir  frequen cy range 

ar tabu lat d n page 1 2 . 

OUTPUT METER ATTE:NUATOR 

OUTPUT 'VOl.TA •£ 
AOJUS:TMENf 

T'l'PE a74 -W OL 
T�qh'fN/ITIOi., � 
T (P( 874- 020 OR 

814 050 
TUNING STUB 

TYi'£ h1'4-VR\.. ¥0LTi.tE:lCR �ECTIFIEA 

FIF" OUTPUT 

Fi gure 2. Typ ical  signal-source systems. 
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1 0  

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

Tapped hole near he four corner of 
the front panel permit rigid attachm nt 
to an a so ia ed p wer supply or, by 

means of low-cost adaptor plate , to a 
relay rack. The o i l l  ors all have 

6-inch pre 'ision dials and are equipped 

with TYPE 874 Lo king Connectors for 
the R F  output.  'Ihe modulation ja ·k i 

on the front panel .  

p l i  are n irel y adequate and repre ent 
con idera ble econom . The T YPE 1269-A 
Power ' upply i of thi type . 

Typical powcr-ou put C lffves for the 
e veral o i l lator , wh n op rated from 

the e power supplies, are shown in the 
specificati n . 

ther appli ations require power up

pl i in which the plate- upply voltage i 
c ontrollable to modulate or to regulate 

Versati le Power Sup plies the os i llator ou put.  The TYPE 1 264-A 
An o utstanding feature f t he e o i l- Modul ting Power upply provides 

l ators i the provision for use with a n  1 00% amplitude modulat ion a t  high 
one of several different pow r supplies. level by squar ¥aves or p ul e as well 

Power- upply charac teri tic are fr - a cw operation. The TYP E 1 263-B Am
quently a d t rmining factor in t he per- pli  ude-R gulat ing Pow r upply in

formance of an oscillator .  For uch appli- el udes a feedback l oop to maintain con
cations as parame ric-amplifier pumps, stant osci l lator output as the o i l lat r 
o cillators mu t be stable again t all  frequ n y i varied . Con t.ant outpu not 
pow r-line varia ions and free of modu- only sp ed and implifies mea ure
lation from pow r- upply ripple . For ment wher the o cill  or i un d man
t ese ex reme requirem nt , b th plate ually, but is essen i l whe n  making 
and heat r upplie hould be regulated, sw ep mea u rem-nt . The TYPE 1 263-B 
w 11 filtered de, as in he T PE 1 267-A mpli ude-Regulating Power upply ---
R gulated P wer Supply. has a n  internal 1 -kc o i llator for quare-

Where relative fr edom from line wave modulation . 

tran ient i required without ultimate The T YPES 1267-A and 1 2 69-A power 

reduc ion in long-t rm drift and hum upplie t ar new it m , d ign d p cifi-
m dulat ion , regulat d plate supply i cally for use w i t h  the e o ci llators . 

de irable, but unr gul ted ac may be They ha e a  7-inch panel heigh mat h
u ed for the heater upply. hi need i i ng the oscilla ors and attach readily to 

met by the TYPE 1 20 1 -B nit Regu- the o illa or for it her ra k or benc h  

lated Power S upply. use , as shown in i igure 3 .  'Ihe nece ary 
For many noncritical application , hardware for atta bing o ci llator to 

unregulated de plate and ac hea er sup- t 'ee page 1 3. 

Rack-mount arrangements of a U n it Osci llator with two types of power s u pply. F i gure 3 (left) shows the 
Type 1 269-A Power Su pply; Fi gure 4 (right) the Type 1 263-B A m plitude-Regulating Power Supply.  For be nch 

mount, the rack-adaptor plates, shown at the ends of the assembl ies, are not used. 

I 
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power supply i furnished wit h  the power 
supply . Rack adaptor panels are listed 
on pag 1 3 .  

Figure 4 shows how the TYP < s 1 263-B 
and 1 264-A power supplie attach t o  h 
oscilla or for rack mount . The ol der 
Unit power supplie , TYPE 1 203-B and 
1 20 1 -B,  are still available and connec 
to the oscillator hrough a plug-in cable, 
a hown in Figure 5 .  

- G .  P .  lVI cCo H 

A U G U S T ,  1 9 6 3  

Figure 5. Oscil lator w ith older type of U n it Power 
Supply, Type 1 20 1 -B. 

S P E C I F I C A T I O N S  

Fre quency C o ntrol : TYPE 908 G ar-Drive Pre
cision D ials are used on all models. Vernier 
drive ratio is 1 5 : L  
O utput P ow e r: Output power i shown i n  tabu
lated specification . With the TYPE 1 263-B 
Amplitude-Regulating Power Supply, the maxi
mum u eful power output i 20 milliwa t . The 
available power i. adequate for practi ally all 
laborato1·y measurement with bridges, lotted 
l ines,  ad:rnittanc and tran fer-fw,ction meters, 
tun d circuit, , etc. 

O utput System: A short coaxial l ine b rings the 
output from an adj ustable coupling loop to a 
lo k ing TYPE 74 C axial Conn ctor. The out
put connector i located at the rear of the o. cil
lator. M aximum pow r can be delivered t 
load :im.pedances normally encountered i n  co
axial s stems. Adaptors are available to convert 
the TYPE 874 Connector to any other con'l.mon 
type. The e adaptor lock securely in place, yet 
are ea ily removed . 

P ower S u ppl y :  The external power upply should 
be chosen from the group l isted in the -wnm ary 
of Oscillator Power- "upply Characteristics n 
page 1 3. Operation from 400-cycle line is per
m.is i b le with many of these power upplie . 

Modu l ation:  A n1.pli ude modulation over the 
audio range can be obtained by uperimposing 
a modulating voltage on the plate supply. A 
j ack is provided on all GR oscillator for thi  
pm·po e. The audio ource mu t be apable of 
carrying the de plate current of the o c i l ia or.  
The inexpen. ive TYPE 1 2 1 4  fixed-freq uency 
oscillator are recommended as rn.odu1ators 
an<l are usually used in conjunction with the 
TYPE 1 269-A, 1 201-B,  or 1 267-A pm-.·er suppli s. 
For 30% a-m, incidental fm i n  tbL sy tern i .  of 
the order of 0 . 0 1  % at the J o,ver par f the 
tmi in g  range, and increa. e to about 0.05 % 
at th e  h i gh-frequency end . pproximatel 
40 volt aero s 000 ohms is adequate to pro
duce 30 % rn dulatio n .  

Square-wave o r  pulse modulation can b e  
obtained on a l l  osci l lators, except the TYPE 
1 20 -C, by u e of the TYPE 1 264-A Modulating 
Power upply. *  AH oscillator. , except the 
TYPE 1 208-C, can be quare-wave modulated at 
1 kc by the TYPE 1 263-B Amplitude-Regulat
i ng Power Suppl . * 

For video modulation up to 30 % w ith 5-M c 
band widt1  , t h  TYPE 1 000-P6 Crystal-Diode 
Modulator* can be used at carrier frequen c ies 
from :.::0 to 1 000 M c .  o tun ing adj ustments 
a re required . Th is low-l evel ab rption modula
tor introduces negligible in cidental fm, but 
the outpu capabil ity i l i mited to approxi
mately 1 0  milliv lt , peak, into 50 ohms. 
Sweep A p p l icati o n :  M echanical weep at speeds 

ui able fo1· o cillo ·copic di play can be ob
tained by u ·e of the TYPE 1 750-A weep D rive . *  
T h e  TYPE 1 20 - C  is n o t  recommended for 
t h i  el'vice because of the l iding contacts in 
it tuned circuit. , 

lower mechanical weep for u e ·with XY 
r order i pos ible with the TYPE 908-R96 
D i al D rive. * 

The TYPE 1 263-B Amplitude-R gulating 
Power Supply is recommended to hold the 
o cil lator output constant as the frequency is  
vari d ,  parti ularly wh n mechan ical sweep is  
employ d .  I an b u ed 'Nith all  the�e oscil la
tor exc pt the TY PE 1 208-C. 
M o u nt i n g : 

Bench U s e  - Any of the ' o cilia tors can be 
used on the bench ·w ith any of the recon1.1nended 
power upplie ; inter onnecting cable are 

uppl ied .  All oscillators and 11 p wer supplie , 
exc p the TYPE. 1 20 J -B and 1 203-B, ar 7" 
high a n d  can b e  attached to each other with the 
hardware supplied o form a rigid a. embly. 

R elay -Rack Use - An ' o ·c i l lator can be relay
rack mounted together ,-..· ith a TYPE 1 263-B,  
1 264-A ,  1 267-A, or 1 2G9-A pon·er . upply i n  a 
:--pace 7" h i gh . When the TYPE 1 20 1 -B Power 
.._ upply is us d ,  separate rack-adaptor panel. 
ar n ecessary. 
• onsult th lat st General Radio catalog for detail . 

(Conti nued on page 1 2) 
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Type Number 1 2 1 5-C 

Frequency 50 to 250 Mc 

Tuned Circuit Semi-Butterfly 

Calibration Accuracy  ± 1 3 
Warmup Freq uency 

0.43 Drift (typica l )  

Output i nto 50 ohms with 
1 20 mw from 
50 - 2 1 5  Mc 

Type 1 269-A or 
70 mw from 

1 203 -8  supply 
2 1 5 · 250 Mc 

Output  into 5 0  ohms with 
90 mw from 
50 - 2 1 5 Mc 

Type 1 267-A, 1 20 1 - B, 
50 mw from 

or 1 264-A supp ly  
2 1 5 - 250 Mc 

1 0 00 

700 
• 6 00 

Typica l a nd Guaranteed 500 
Output Power i nto 50 ohms ., � 4 00 .. 
Upper curves a re  typica l 3: _._ 
Lawer cur-Yes are guara nteed 

:::! 3 00 ,/:1>.J ::i; 
\ -- with Type 1 269-A z _/ v����::.J-i- , - 200 

(or  1 203 - B )  Supp ly  
,. ' \ a: / "' 

� I 50 � \ ' 
- - - with Type 1 267 -A, .. 

� 
... 

1 20 1  · B, or 1 264·A * ::> 
�

A�E:i
_ 

.. 
Supply  t- I 0 0  ::> - -0 �,' *Not for use with Type 1 208-C. 70 \ 

50 
50 70 100 200 250 

FREQUENCY IN MEGACYCLES 

Panel  Dimensions 8 X 7 i n. ( 1 80 X 205 mm) 

Depth Behind t'a ne l  7 Y2 i n. ( 1 90 mm)  

Net  W eight  7 14 pounds (3.3 kg ) 

Shipping W eig ht 1 5  pounds (7 kg )  

Cod e N umber 1 2 1 5 .9703 

Price $2 1 0.00 

S. Patent l\o. 2,548,457. 

- -

., ... 

1 0 00 

7 0 0  

6 0 0  

5 00 

� 4 00 

3: 
::! 3 00 

::i; 
2 
- 2 0 0  a: .. 3: o I SO .. 
... ::> .. I- I 00 ::> 0 

BO 

60 

50 

- - - -

1 208-C 

65 to 500 Mc 

Variable  L a nd C 
± 23 
0.53 

240 mw from 
65 • 250 Mc 
80 mw from 

250 - 500 Mc 

1 70 mw from 
65 • 250 Mc 
60 mw from 

250 - 500 Mc 

,,� ,/ TYPIC AL," :"""\ 
,/' /  ---"""µ.� \ ,... 

l/,JJ 
'\. I v \ ., \/ \ l \ 

._ GUARANTEED! \ ' 
\ I - - - \ I\ 
\, \ 

\ \ 
\ \ 

\ 
65 100 200 300 500 

FREQUENCY IN MEGACYCLES 

8 X 7 in. ( 1 80 X 205 mm) 

7 :Ya in. ( 1 90 mm) 

6 pounds (2.8 kg) 

1 2  pounds (5.5 kp) 

1 208-9703 

$250.00 

-

1209-CL 

1 80 to 600 Mc 

Butterfly 

± 1 3 

0.23 
320  mw from 
1 80 • 500 Mc 
240 mw from 
500 - 600 Mc 

270 mw from 
1 80 - 500 Mc 
200 mw from 
500 - 600 Mc 

1 0 00 

I 
700 ......__ ._TYPICAL 
600 -- If  - IC" -� I-"\. 500 \/ '\ en ... � 400 

3: 
::! 300 

:u-;;.AN��t-
� 

::I! -

!: 
2 0 0  a: .. ;i: 

� I S O  
... ::> .. � 100 
0 

50 
150 zuo 300 400 500 600 

FREQUENCY IN MEGACYCLES 

8 X 7 in. ( 1 80 X 205 mm) 

7 3/a in .  ( 1 90 mm) 

6 pounds (2.8 kg)  

1 3  pounds (6  kg)  

1 209-9933 

$285.00 

1 209-C 

250 lo 960 Mc 

Butterfly 

± 1 3 
0.23 

1 50 mw 

1 20 mw 

1 000 

700 
6 0 0  

5 0 0  
., ... 
... 400 .. - fiTYPICAL 
3: T'\ ::! 300 

� - I 
\V1 
� 

::i; Ai z v I i  
- 2 0 0  \ i I a: "' \i I � 1 5 0 

G
���E�;i_-

.. 
... - - -::> .. 
... 100 ::> 0 

5 0  250 400 600 BOO 1000 

FREQUENCY IN MEGACYCLES 

8 X 7 in.  ( 1 80 X 205 mm) 

7 :Ys in. ( 1 90 mm) 

6 pounds (2.8 kg ) 

1 3  pounds (6 kg )  

1 209-9703 

$285.00 

� 

Cl 
m 
z 
m 
;:a 
)> 
,.. 

;:a 
)> 
0 

0 
m 
x 
� 
m 
;:a 
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A U G U S T ,  1 9 6 3  

SUMM A RY OF OSCIL LATO R POWER SU P P LY CH A R A CTE - RISTICS 
Pa nel  

Type A pplicaiions D Plate ._ upply I l-l aler , 'Uppl?J TT' irltJ, 
1 267 - A 1  1 U l t ima t e  sta b i l i t y  for cw 3 0 0  v @ 7 0  m a ,  r e g u la ted 6.3 v de @ 1 a m p , r e g  4 " 

1
1 20 1 -8 1 R e la tive f r e e d o m  from 3 00 v 70 ma , r eg u la t e d 6.3 v a c  4 a m p  * 

l i ne t r a n s i e n ts 

1 269-A 1 M a ximum o utp u t  a nd 3 8 0 v op e n  circuit;  3 00 v @  6.3 v a c @ 3 a mp 4 " 
1 203 -8 1 m i ni m u m  cos t 5 0  ma * 

'1 264- A1 •2 • 3  1 0 0 %  squa re w a v e  2 00-3 00 v a 50 ma, r e g .  6.3 v a c  a. 2. 1 a mp 8 "  
a nd p ulse a -m 

1 263-82 Amp l i tud e - r e g u l a t e d  cw 0 - 3 00 v @ 3 0  ma 6.3 v de a 0.5 a m p  8 "  
o r  1 -kc squa r e -wave 
o u tp u t  

1 2 1 6 -A 1 H et rod y n e  d e l ec to r 3 00 v @ 3 0  mo 6.3 v o c @  1 a m p  * 

• nit  I n  t r u me n t  Cab i n e t .  
l l\ J ay b e  operated from 400-cycle u p ply. 2Not for u s  w i t h  TYPE 1 208-C Cnit O ci l l a t or . 
• Requi res adaptor cable 'vh e 1 1  used w i th TYPES 1 2 1 5- , 1 209-CL, and 1 209-C l" n i t  Osc i l l a t or·s (see l atest eneru l R a d io catalog) . 

Accessories for Rel ay-Rack Mount 

The pan l cxten ion� l i  ted below can 
be readily attached to any of the 7" -high 

oscilla tors , pow r upplie , or o cilla t or

power supply a emblies t o perm i t  

mounting i n  a st an dard 1 9 "  relay rack . 

-

7 
I 

_'r _ 

T11p 

19 f..-e-+5�--J 
POWER 
SUPPLY OR OSCI LLATOR 

Adaptor P l ate Set 
T y p e  4 80-P408 u s ed 
to rock-mount o sing l e 
8 " -wid e p ow e r  sup · 
p l y  (Typ e 1 263 - B  or 
1 264 -A) o r  o sci l lator. 

7 

j_ 

1 7 
i 

a: ).  .., .... ;o 0.. o o.. c.. � 
OSCI LLATOR 

Adaptor P late S et 
T y pe 480-P4 1 2  used 
to rock-mount an a s
s e m b l y  of o 4 " -wi d e  
p ow e r  s u p p l y  (Typ e 
1 2 67-A or 1 2 69 - A )  
a n d  osci l la tor. 

t--f-----e���l'-9--_-s-_---...l-2-l-
Ad aptor P l ate Set 
T y pe 480-P4 1 6  u s ed 
to ro ck -m o un t o n  a s 
s em b l y  of o n  8 "  -wi d e 
p ow e r  s u p p l y  (Typ e 
1 26 3 - B  or 1 2 64-A ) 
a nd o sci l la tor . 

P O W E R  OSCILL ATOR SUPPLY 

C'ode i\ u m ber 'T'ricc 
480-P408 Adaptor P l ate S et, for o n e  8 " -wid e i nstrum e n t  

( 7 "  h i g h ') . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 0480-964 8 $ 8 . 00 

480-P 4 1 2 Adaptor P l ate S et, f o r  a ss e m b l y  of o n e  8 " - a nd o n e  
4 " -wid e i nstrum e n t  (7" h i g h )  . . . . . . . . . . . . . . . . .  . 048 0 -964 2 7.00 

480-P 4 1 6  Adaptor P l ate Set, for assembly o f  two 8 1 1 -wid e i n -
strume nts ( 7 "  hig h )  . . . . . . . . . . . . . . . . . . . . . . . . .  . 048 0-9646 6.00 

4 80-P4U 1 R e l a y -Rack Adaptor P a nel,  f o r  T y p e  1 2 0 1 - B  or Typ e 
1 2 03 - B  Pow e r  S u p p l y  o n l y  ( 7 1 1  hig h )  . . . . . . . . . . . .  . 0480-9984 1 1 .00 

TH E N EW POW ER SU PPLI ES 
T o  obtain t he ul tima t e  performance 

from our l ine of ni 0 cill t or t he 
T Y P E  1 267-A Regulat ed Power Supply 

proYides both regu l at ed plate and heat er 

volt age . R gu la t ion is such t ha t  e .. ect 

f l i n  v l tage on h · j l lator p r-
forma ncc ar es en t ia l ly eliminated . As a 
rPsul t ,  t he r i d ua l  fm of t h  o. ·il la tor 

i a pproximat ely t he ·ame a hat ob
t a in d ·wi t h  bat t ery op rat ion . 

A vac u u m-t ube >=:.erie regula t or is 

u cd for the 300-Yol t ,  70-ma , d out pu t 
a nd a t ran i�tor regula tor for t he .3-

' ol t 1 -a d o ut pu t .  1: he va i um-t ub 

regu lat or hown in Figure 2 use a differ

c n  t ia l-i n pu t · mpl i flcr to · m pare t h  

1 3  
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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  

o u t p u t  vol t age again . · t  a \'Ol t ·  g -r f r
c n  ·e t ube , a ·a eode a mp l i fier for gai n  a 
eat hode fol l owe r for maxi m u m  band
,,·id t h ,  and a eri s power t u b for eon

t ro l .  This com l i nation res u l t s  i n an 

0-d b red u · tion of rip p l e  vol t arrc a n d  a 
l m  o u t put i m pedance over a wide fre

quenc range .  

The r gula t. or circuit  for t h  G.3-vol t 

d · o u  · p u t  u t iliz . thre h igh- ·ain t ran
si. · t or 1 ag s t o  p ro v ide a i mi l a r  0-d b 

r d uc· t i  n of ripple vol t age a n d  i n pu t  

tran i nt s .  ' urre n t  l im i t i ng a one u m

p r a n d  r d u  · t io n  f t he , ma l l  t. e m pc ra

t ur ff · H o f  h t ra n  · i  ·tor a nd Z ner 

r fcrcn · diod a r  added bon u  e for 

t ho, c who would l i k t o  u. e th e 
vpr. a t i l e  . uppl ie f r ot her pur-

Figure 1 .  View of (left) Type 1 267-A Regulated Power 
Supply a nd (right) Type 1 269-A Power S u pply. 

po. es t ha n  o p  ra 1 i ng n i t  O. ·ci l l a 1  ori-: .  

'I'hc rl Y P J� l '......G9- PO \VCr � u ppl 1. .  u 
i m p 1c u n regulat d uppl_  adeq ua t e  for 

ma n y  u ·cs of t h  Cn i t. ._C' i l l a t ors .  I t  i �  

imilar i n  c l ce t.ri c :al  e ha ra · t. cri. 1 i ( 's  t o  H H  
T Y P J:t.;  1 203-B U n i t, Pow r u p p l _  . 

- l\ 1 .  . 1- l OLTJ E 

S P E C I F I C A T I O N S  

Type 1 203-B 1 269-A 1 20 1 -B 1 2 67 - A  

I n put 

Vol t 105 t o  1 25* 
1 05 to 1 25 01 1 0 5  to 1 25 *  1 05 t o  1 2.5 * 2 1 0  to 250 

Watts Fu l l  Load 50 50 90 00 

Line Freq uency (cps) 50 to 60 ; can a lso b perated f ro m  400- ·ycle 
1 1 0 to 1 2.5 voltR** 

upply o f  

O u tput ( A t  1 ]  5- o r  230-volt i n put) 
DC volt. 300 @ .50 m n  300 

ma (max) 50 70 

regulation � load voltage about 400 ± 0. 2  % 
(com b i ned l i n e & load ) 

ripplf',  r m. , at fu l l  l oad ( l  20 Cp!" ) 0 m v  1 m v  

DC ' vol ts - - (j.3 
a m p  ( m a x )  - - ] 

± 0 .2.5 Yc; 
regulation (comhined 

l i n e  & load ) 

ri pple, rm:-., at fu l l load ( 1 20 C pR )  1 mv 

A vol t� 6 . 3  6.3 -
a n1p (max) 3 4 -

A ccessori es Suppl i ed M at i n g;  plug for out p u t  con n <'ctor, 3-w i re l i n e  cord . 
i n ch s 5x5 %'.x6 y,;: 4 %'. x 7 % x9 y,;:  5x.'J % x6 -Y.1'.' 4 3-i x7 %x9 ;!4 

D i m e n s i o n s  
l 30x 1 50x 1 60 1 1 0x 1 95x23;J 1 30x 1 50x l fi0 m m  1 1  Ox l 95x235 

poun d ;:; .'I) .') � 6 7 %  
Net W e i g h t  k g  2 . 3  2 . 7  2.8 3 .6  

pouncL 6 7 7 9 
S hi p p i n g  W e i g h t  

k g  2.8 3 . 2  3 . 2  4 . 1  

• .  dd Q l  to t ype n u mber for 2 1 0  to 2 50 Yol t ( ec pric"e table). 
* * Will opera l <'  any Yh f or u h f  u n i t  osc i l lator from 400-cycle u pply o f  1 0 5-- 1 2 5  ,·o lt  . 
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f i g ure 2. E l eme ntary 
s chematic of the Reg
u l ated Power Su pply. 

Typ 

T 

A U G U S T ,  1 9 6 3  

I 

Price 
1 203 -B 
1 203 -B Q l  8 
1 20 1 -B 
1 20 1 -BQ l 8 
1 269-A 
1 267 - A  
1 267-AQ l S  

U n it Power S u p p l y ,  1 05 to 1 2 5 v o l ts . . . . . . . . . . . .  . 1 203 -9702 
1 20 3 -9 8 1 8  
1 2 0 1  -9702 
1 2 0 1 -9 8 1 8 
1 2 69 -97 0 1  
1 2 67 -97 0 1  
1 267·99 1 1 

$ 5 5 .00 
60.00 
95 .00 

1 05 .00 
70.00 

1 70.00 
1 80.00 

U n it P ower S u p p l y ,  2 1 0 to 2 5 0  v o l ts . . . . . . . . . . . .  . 

U n i t  Reg u lated P ow er S u p p l y ,  1 05 to 1 25 v o lts . . .  . 

U n it Reg u l ated P o w er Supply,  2 1  0 to 2 5 0  v o lts . . .  . 

P ower S u p p l y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

R eg u l at ed P ower S u ppl y, 1 05 to 1 2 5 v o l ts . . . . • . . .  

R eg u lated P ower S upply,  2 1 0  to 2 5 0  volts . . . . . . .  . 

F LAS H - D E LAY U N I T  S I MP L I F I E S  M OT I O N  

A N A LYS I S  I N  H I G H - SP E E D  MA C H I E S  

}'or many yr-ars t he TROB TAC 
1 c t ronic tr bo. ope ha b<:>en a va l u

able tool i n  t he deve lopme n t  and maint -

nancc of a l l  kind.  of rot at i n g  and rccip-

L" l - · in� a Photocell "\Y Lere i t  o u n t  , "  Ce11eral Radio 
E.rperi111 e11 ter, 3 6 ,  10,  Octob r, 1 962 . 

figure 1 .  The Fh•sh Delay and 
P hotoelectri c Pic koff in combi na
tion with the Strobotac e lec
tro nic stroboscope. The Flash De
lay attac hes conve niently to the 

Strobotac. 

roca t i n g  equipme n t .  Two acce so ncs 
greatly expand t h<' u seful nes of t hi · 

trobo cope in th udy of high-�pe d 

mo ion ,  th0 nc'v TYPE 1 53 1 -P2 1� la h 
D lay nd th TYPE 1 536-A Photoelec-
tric Pic koff. 1 ... 
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1 6  

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

T'hC' c ·o n1.bina. t ion of pi · koff a nd flash 
dela providC's a con vC' n icn t ID('a n  of 

s n · h ron izing t h  T R  B TAC fia h l o  

rot a  t in er cquipm n t , v n w hen t he 

. ·p cl of the eqnipmC'n t  i · irrecru la.r . ThC' 

flash can bC' delayed w i t h  re ·pc t to t he 

piC' koff signal o t ha thC' mov i n cr  objc ·t  
ean be madC' t. appC'ar o m p l  t ly 
. -t a t i  n a ry �tt any poi n t  in i t  rotat io n 

eycle. 

\ hen a m ving obj C'ct i '  ob crvC'd 

u nder . rob •opic I i crht w i t h  t he fia ·h

ing rat e d t rrnincd by t he st robo�copC' 's 

i n t e rnal o. c i l lator ,  sl ight variation. in 
th spcC'd of rotation w i l l  ca.u e t he rnov-

1 1 1  cr bjc t t appear t o  ro t at e � lo w l y .  

o n t i n u· 1 · d j  L t mC'n of t h  fia b i n g  

ratC' i. thC'n r q u i red to obt ain a stat ion

ary imag<? a a part i · i lar poi nt in he 

cyc l e .  

If a . mal l piece o f  rd-I<> t i ve tape i 

Figure 2. Sketch showing the use 
of reflective tape to produce a 
pulse s i g n a l  i n  the Photoelectr ic  
Pickoff. Pu lse is then de! a yed b y  
t h e  F l a s h  Delay t o  fi r e  the Strobo
tac at a ny desired point in the 

rotat ional  cycle.  

plac·Pd on t he rota t ing obj <'c a ho wn 
i n  Figu re 2 ,  i t  i . ·  po. i b l  t o  obt a i n  fro m 
t hC' pho t oC' l C '  · t ri pi koff a igna l \Y h i  · h 

i · synchro no u .  w i t h  t h  rot a t ion , rco·arcl
lC 's. of speed . By mean of t he fta.  h 
dcl:.ty, a n  adj u tab l  t i me d lay · a n  bC' 
i n t roduced be tween t hC' pickoff a n d  t h  

t robo cope' , o t ha t he t rqbo ope can 
bC' made to flash at any dC"sir d po._it ion 

o f  t h  ro ta t i n g objc · t . y o n t i n ua. l l y  

var i n g  th t i m d e  lay t h  lk r can 
ol . rv t h  obj ·t a t  · 11 p ition d ur i n <Y 

a cycle of rot a t io n .  S mal l peed vc.tr i ·  -

t ion · w i l l  n t affr · t h  i mage . If t he 

spcC'd aric ,,· idc l y t hC' reflect ive t apC' 

can be p l a ·C'd j u  ·t ahead of t h · de> · i red 

viC' w i ng poi n t  o that o n l y  a sma l l  t i me 

dc l c y w i l l  be i·c q u i r  d .  

The phot oclcc ric p i  koff d c .  not 
m han i  ·al ly l oad t h  rotating q u i p

n-iC'n t  and can t hC'refore be used o n  v ry-

MULTIPLE f--------0---------..--- o�;:GUET .____,_ o u rPUT 

R ESET PULSE 

T l ,.,,. I N G  
C I R C U I T S 

( U N I J UNCTION 
T R A N S ISTOR 

A 0 RC 
N E T WORK) 

S I N G L E" 
F L A S H  

S I NGLE F L A S H  
F L I P - F LOP 

.S I N G L E  FLASH 
I N P U T  

Figure 3. F u n ction a l  block d i agram o f  the Flash Delay. 
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A U G U S T ,  1 9 6 3  

Figure 4. The acti o n  of c a m  fol lowers can be easi ly exam i ned with the Strobotac-Flash Delay c o m bi nati o n .  
T hese photographs s h ow t h e  bounce of a cam fol lower at h i gh speeds. T h e  cam i s  rotati n g  c o u nterc lockwise. 

I O \Y-power devices such a relays , mC'
c ha.n ica l choppe r� , ct . ThC' pic koff, w i t h  

a t i mc c o n  tant of appro x i mat ly 200 

µ. C'c , c a n  be u -d -..y i t. h E>q uipm n rota -

i n g  at . p E>d i n  t hC ' hundreds of thou-
• nd · of rpm. 

'I h<' T Y P E  1 53 1 - P2 F la. h Del ay makes 

possible' si nglc-fla h pho t o c;ra h of ro

t a t i n g  <'(J u i p m  nt at any de i red po i 

t io n  i n  iL· c le .  Th0 R i ngl0 flash o f  the 

, T H O BOT is y1wh ro n i zC'd both with 
t h< '  t i me' t he camc>ra h u t t c r  i p n and 

w i t h  t he desired po. i t ion of t h e  rot a t i n g  

o l  j c c  . 

Descri ption 

Th TYPE 1 ;3 1 - P2 F lu  · h  DC' lay wa 

dPSi0'1 1C'd primari l y  fo r 11 .  e w i t h  the 
T Y P E  1 536-A Pho ocl tric Pickoff. 1 I t  
f'<-111 hC' triggered hO\YE'V r ,  b y  a n  rans

ducC'r t hat w i l l  CTc>ncra t C' a po. i t i ve ekc

t riC'nl pnl c of at 10at:t 0 . 3  vo l . The 
hloC' k cliac;ram of Fignrc> �1 sh w that 

1 hC ' fla.  h delay con�ist s of a prcampf r fiC' r , 

a SC' h mi t t -circnit pn l .c . ha per ,  a t i m  -

de l ay gC' nerat r (con · i .  · t  i n o·  o f  a fl ip

fl o p ,  • m i j n n c t.ion tran si stor an d RC 
net wo rk) , and a n  o n tpt Lt. stage .  Eac h  

t ri ggPr pnl e from t he , c h mit j r  u i t  

. t a r  . a d0la.y C) 1 . \\, h n t he -,.. ol t ag 

aero. � a apa i t or i n t he RC c i r · u i t  

rcaehcf' approxi mate l y  9 vol t  (one-h a l f 
t h<' 1 8-vol t  chargi n g vo l t.age') , t he u n i

j u n d ion transistor fire , d i  chargi n g the 
1 Lor:. cit. 

ca paci tor , reset t in g  t h  

and endinc; a p ilse 

a mp l i fier .  

d e l a y  fl i p-fl o p ,  

t o  t h e  o u t put 

There ar three d0 lay range available.  

Ra nge 1 al l o w an adj u  over 360 
d grees for rotational p f 60 0 

Fig ure 5 .  A typi cal  application i n  the texti le  field:  
observi n g  ta pe a n d  fi l l i n g-carrie r  behavior o f  a 
Dra per DSL s huttlelen loom. Speed of the fi l l i n g  car
rier is 274 picks per m i n ufe. The F lash Delay m akes it 
possible to o bserve the fi l l i n g-carrier at any parf i c u l a r  
poi n t  o n  i t s  path. Synchro n i s m  w i t h  l o o m  i s  acco m 
pl ished with t h e  Type 1 536-A P hotoelectric Pickoff 
located near a r im con nected to the m a i n  power s h a ft 

and s h own at the bottom of the photograph. 
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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  

Fi gure 6. Study of thread behavior i n  hi gh-speed sewing machi ne. Machine speed w a s  5000 stitches per 
m i n ute; hook s peed was 1 0,000 rpm. Photograph at left s hows setup u s i ng L i n hoff 4 x 5 with Po laroid fi l m ,  
Strobotac w ith a ttached F l a s h  Delay, and s e w i n g  m a c h i n e  (the b a s e  of w hich is c ut away to expose the parts 
u nderneath).  Center and ri g ht ph otographs show the bobbin and hook a ction on thread at a s pecific phcse 

selected by means o f  the F la s h  Delay. P hotographs courtesy of T h e  S i n ger Compa ny. 

rpm or hi gher ; range 2 pro vide the 
360-derrrce adj ustmen for speeds be
tWC'C'n 600 rpm and 6000 rpm · ra nge 3 

i u. d for peed. be low 600 rpm and 

for ·pec ial app licat ion in which a de lay 
a l ong as 0.8 c cond is requi red.  

Fo r ingl -fla,h p hotograph_ , he 

o n  put p u l c fro m t h d lay c irc uit goe 

to a flip-flop gat e c irc uit i n  t ead of 

directly to the o u t p u t  tage . If he x con

ta t of a amc ra . h uttf' r  are conne ted 
to a j a  k o n  he fl.a. h delay , t heir clo ur 

wi l l  make the <Tate circui t conduct and 

th0 nC'x . ynchroni zed , delaye d  pnl.  e 
wi l l  pa to t h<' o n t pu tagc> .  After t his 

o n  p u l  p a  e� , the fl i p-flop gate w i l l  
r C'  c and again b com none n d uc t ing. 
The fla. h delay, t h-reforc , allow the 

first . ynchro nizcd pul�e occurring after 

the camera shutt r op n (x-contact 
clo uxe) o t rigger the t roboscope . 
Syn hroni m i th u obtained ·w i t h  both 

the sh utt r openi n g and the d ired po

sition of the rotati ng obj ect . It i neces

sary to s t the h utter peed o that the 

hut ter will  b op n for one ompl t 

ro ation cycle . 
The ft.a h d lay i hon e d  i n  an al u m i-

n u m  c w i t h bra ke which cli ps 

direc Ly to th T O B  TAC k tro ni  

strobo cope o make a o nv<"'nicn , 0 1n
pac c. embl y , a how n in Figt. u-e 1 .  
A p p li c a ti ons 

The TYPE 1 53 1 -A TRO E TAc® e l e c
t ro ni robo cop wi t h t h  TYPE 1 53 1 -

P2 Flash Delay and t he TYPE 1 536- A 
Pho t oele c t ri c  Pic koff ha wid applica

t ion in he deve l o p ment te and ma in

tcnan e of all  kind of moving machin

ery. Th text i l e ,  autom t i v  m a  hin -

tool , and b u  i ne · -m achi ne indn trie 
are only a few of t he many that " i l l  find 
thi combina t i o n  an i nval uabl ool . 

Th ability t o  obtain i ngle-f:la h photo

graph · at a ny de ired po i ion of a mech
ani m further enhan e the val ue o f  

the e i n  t rumcnt . igur 4 hrough 6 
show a f w of th appl icatio n of thi.  

versatile stroboscope assembly .. 
- If . J .  Fr.rzMORRI 

S P E C I F I C A T I O N S  
T i m e-Delay Range:  Approxi mately 1 00 micro
seconds to 0 . 8  second i n  th ree ranges . 

O u tput P u l se:  Better than 1 3  volt available f01· 
triggering t he TYPE 1 53 1 -A Strobotac'.ID elec
tron i c  . trobo cope. 

Sensit i v i t y :  A l i ttle a 0. 3-volt i nput will p ro
d uce sufficien output to trigger th e strobo cope. 
I n puts :. Phone j ack for triggeri n g ;  ja k for 
ca m ra ynchronization. 
P ower R e q u i rements:  1 05 to 1 25 (or 2 1 0  t 2 - 0 )  
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A U G U S T ,  1 9 6 3  

S P E C I F I C A T I 0 N S ( Cont ) 

Yolt. ·, 30 o GO cpi-· .  5 watt. · w ith TY PE 1 536-
c·o n 1 1 ccted . 

Accesso ri es S u p pl i ed : T' rigger cable,  p l  n e-pl ug 
adaptor, a n  l leather c:nry i n f!;  case. 

Accessories A v a i la b l e :  T Y P J•;  1 :36-A Photo
d<'f't r i c  Pi ckoff. 

M o u n l i n g :  A l u n 1 i n u m C n Rc w i th I ruck t w h i ch 
cl i p,; d i rectly onto the :-;TROBOTA ' el ctron i c  
st r·obo .... cope. 
D i m e n s i o ns : 5 1  by 3 � hY 3 % i n ches ( l  33 by 

6 hy 96 m m ) .  
N et W e ig h t: 2 pounds ( 1  kg) . 
S h i p p i n g  W e i g ht : .5 p und.  (2.3 k g: \ .  

__ 'l_'"""!/-'--f'_,. _ __._ _________________ ______ [ ( 'ode .\- 11  mlJer 
1 5 3 1 - P 2  Fl as h D e l a y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 5 3 1 -9 6 0 2  

Prfr 
$ 1 60.00 

M E A S U R I N G S U R FA C E  S P E E DS 

F i g ure 1 .  View af the Sur face-Speed W heel,  s h o w i n g  
the two s peed d i scs a n d  t he se ct i o n a l  shaft . 

The STRO BOTAC'!D e]Pe t roni  tr ho-

scopC ' ,  w idP l y  used for h0 m0afmrC' rnen t  
a nd an a l ysi ,  of rot n r  , r eiproca t i n g ,  an d 
o t her repC' t i t i vC'  mo t io n  , can now he 
u .  ·Nl for . · p ' cl m asu rf'm0n t of . t ra. igh t 
l i n  mo t ion . 'I h0 n .C'w TYrFJ l 03 1 -P3 
� 1 1 rftl<'C'-. ' p<'<'< l \\'he C' l '- <'C ' C 'S. ory rnakC'. 

t he 8'1.'HO BOTA ' d ia l  direct readin g  in feet 
p r m inute for mca ur m nt uch a the 
l'o l lowi1  g :  

Lineal 8peeds of met a l  . t r i p  t 't i l e .  

pn per ,  w ir , pl ::t. tic fi l m._,  co nvey d 
ma C'ri l 0 t c .  

, 'llrjace . p eds o f  procPssing rol l s ,  

mach i n  -t ool  c u t  t i n g  o r  gri nding o p  ra-

t io n .  d r u m .  h( ' ] t . ,  w0h. , pul l , c t e .  

Belt ,.z1:ppage 0 1  d r u m. ·  and , ('Sp('c ia1 l y ,  
be ' e0 n hdt. on m uH iplc-bc l t  pull  s 
t o  avoid u nequal load d i  tribut i o n  and 
0xc s1 ve \Vear. 

D escri ption 

The n0w acces�ory con. i.  t of two 
'\vhc 1. of d i ffc rP n . i zc mount ed on o p

po i te e n d .  of a three- Pd io n ,  st ain l e · -
stPPl rod . The s ma l l r wh 1 ,  with a d i-

c.l rn0 t er of 0 . 70-! i nc -h is b HPr for - lo"· 

�m rf ac �p0 d , "-h i  le  t he Ia rg r w hce J ,  
w i t h  a <l ia met r of 1 . 9 1 0  i iwh , i . ·  bPst 
Knit ('d for h igh r urface speed :-" .  H w

< 'ver ,  t heir u ·du l range' h<1V a Lug 

amo u n t  of o vP r l c.1p , wh re t he choi · of 

,,. hi c h  on t u. ·e ctu1 be based on acc0s-

i b i l i i  y. '1 llC' rangP of surface p eds w i t h  

the rn.a l lc r  ·whee l i 8  1 0-2500 frc p r 

m i n u t e  and t he range f t h  hr<Yer 
w heel i s  .50- 1 2 ,500 f p r m i n u t e .  

O p e ra ti on 

OpP n t t io n l 
of t he \\' h c·e l 

xtr ine ly implC' . O n  

· i m p l y  al Jowcd t ride o n  

·p d i .� to b e  mea ·-

F i g ure 2.  Measuri n g  belt s peed w ith the Surface
S peed Wheel. 
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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  

the STROBOTAC. The fac t that on ly the 

whee l ha. to be c lose to the s urface 
""\vhose sp cd i t o b measured means 

th t mca ur m nt can be mad m 
" lo e quarter . "  The l ight fro m t he 
STRO BOTAC can penetrate wel l  i n t o  t he 

i n terior of machinC'ry, and i i po ible 
to build th wh C'l in to u h ma ·hinery 

if regu lar mca urcmcn t mu t be made . 

For a built-in ,..,-hee l ,  a ' p u  h-to-cngage" 

Im er i. recommended i n  ord r t o  ave 
,,�ca r n t h ·wheel when a m  a ir m n t  

i :s  n o t  actual ly being made. 

The combination of the STROBOT ... c 
e lectronic strobosco pe "\vith the urface

spe d wheel provides an ext reme ly e n

s1 i ind i ator of mal l variat ion in 

li near p eel and of differcnc i n  Lpe d 

between two or more surfaces having t he 

same nominal spee d .  A frac tion of an 
rpm i pro mincn ly indicat cl wh n he 

speed o f  the '"·heel changes . 

- \V. R .  T HUUSTO?-l 
CREDITS 

The TYPE 1 53 1 - P3 Surface- pe d Wheel 
wns d signed by R. A. 1\ 1 o rtcn son of 1\Icch::mi-
cal D sign Grou1 . - E o tT R 

S P E C I F I C A T I O N S  
Accura c y :  The basic accuracy of the TRO BOTAC 
elec t ro n i c  st robo;;;cope is l % of reading ;  an 
additional 0 .5% mu.,;t be added to account for 
error::; in the diameter of the \Y heel , giving 
an over-al l accu racy of men.surn1nen t of l . 5 %  
o f  read i ng fo r sur face . peed over the en ti re 
range of measurement. 
S peed R a n g e :  1 0  to 2500 feet per min ute with 

Type 

small w heel and 50 to 1 2 ,500 feet per minute 
'"·ith la rge \•;heel. 

D i mensions:  W heels are 0 . 764 and 1 .9 1 0  i nches 
i n  d iameter, respect i vely. Shaft totals 20 i nche 
in lengt h .  

N et Weig ht: 8 ounces (0.3 kg) . 

Shi ppi ng Weig ht: 2 pounds ( 1  kg) . 

Code umber Prfre 
1 53 1 -P3 Surfa c e -S peed Wheel . . . . . . . . . . . . . . . . . . . . . . .  . 1 5 3 1 -9603 $ 1 5.00 

MONTR EAL 
SA LES
E N G I N E E R I N G  
OFFICE 

R .  J. Proven 

G n ral Radio '  new .':.\ l ontreal 1 ale -

1: ... ngi necr i ng Office open d Augu 1 ,  
1 QG3 , j u  t ix yea r aft r t he opening of 

ou r fir t Canad ian office in Toron o .  

T h  ne\ offi e i opera t ing a a bra nch 
of our Toronto office to provid b tt r 

overage and ervice for u torner 11 
Quebec and t he 1\!I ari time Pr \' in 

The :Yiont real office al o cove r Ot t a wa 

al ·hough G overnme n t  tender should 

sti l l  b dir ·ted the T ront office. 

R . .J . P rov, n i in ·harg of th � I  n -

real office , with I\ I i  Beverley G li ddon 

as his ecre t ary . Dick P rovan who ha 
b n a

· 
our Toronto offi e m it 

op 11i 11.g i ,,rcl l  kno,v11. to Ca11.ad ian 
en gin crs an d cien t i  t , having had ten 

year ' ex perience ell ing eneral R adio 

produ t s .  
The I\ I ontreal office i located at 

Office 395, 1 255 Laird Boulevard TO \Yn 
of iount R oyal ,  Q uebec , t elephone 

737-3673 . 

G e n e r a l R a d i o  C o m p a n y 
W E S T  C O N C O R D ,  M A S S A C H U S E T T S ,  U . S .  A .  

N E W  YO RK S Y RAC U S E  P H I LADELPH I A  

FLO RI DA DALLAS SAN FRANCISCO 

WAS H I N GTON 

LOS A N G ELES 

C H ICAGO 

CANADA 
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