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To develop the t.ype of product manufact.ured by t.he General Radio 
Company requires a large staff of engineers, each a specialist in one 
or more phases of the work involved. One of the fu nctions of th is staff 

is to assist the customer in the selection of instru ments in order that 
t he correct. equipment may be purchased with a minimum expendit ure. 

There has always been an in ti mate contact between our engineers 
and our customers. The t echnical nature and the manifold uscs of 
our product make the maintenance of th is contact essential. For 
this reason, Lhe General Radio Company maintains no sales agencies 

in the United Stales, but distributes its prod ucts directly to the 
consumer on a Ilct.., no discount, basis. 

In order t ila!' customers outside t he United States may receive 
equivalent technical service, exclusive distributors have beeri ap­
pointed in many foreign countries, each capable of giving technical 
information regarding General Badio products . In all matters 
regarding General Radio apparatus the customer should communicate 
with the distributor from whom this catalog was received. Prices 
listed in the catalog are for domestic usc only. Costs in foreign 
coun tries, where im port du ty and freight must be added, can bp. 
obtained from the distributors in t hose coun tries. 
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SUGGESTIONS FOR ORDERING 

ORDER BY TYPE NUMBER 
Always order by catalog l ype number, 

and whenever possible men tion ranges or 
other significant specifications as protection 
against misunderstanding. 

Be sure to include orders for any acces­
sories desired or for calibrat.ions which 
musl. be made before shipment. 

TELEGRAPH AND CABLE ORDERS 
We have direct telegraph printer con­

nections wit.h Westero Union for the prompt 
handling of messages. 

Usc Bentley's code and the code words 
accompanying each catalog description. OUf 
cable address is GENI\ADCO BOSTON. 

SHIPPING INSTRUCTIONS 
Unless specifi c instructions accompany the 

order we shall use our oosl judgment as to 
the method of sh ipment. 

All prices arc F .O.B. Cambridge, .Massa­
chusetts. There is no domestic packing 
cbarge and no charge for shi pping cases. 

Cases arc not returnable. 

TERMS 
Net 30 days. Unless credit has already 

been established , shipments are made C.O.D. 
When full payment accompan ies nn order 

for new equipment, we pay transportation 
charges to any point in the con tinental 
United States, except Alaska. 

REMIITANCES 
Should be made payable at par in Boston 

or New York funds. 

SALES AGENCIES 
Because of the Company's direct sales 

policy no general saies agenciesareappointed. 
Complete stocks arc carried only at the 
factory warehouse. A partial stock is main­
tained at Los Angeles. 

PRICE CHANGES 
All pl'iees ure subjcct. Lo change without 

notice. Billed prices will be in <wcordance 
with applicable Federal Heguiutiolls at time 
of shipment. Formal price ((notal ions re­
main open for 30 days. 

PRIORITIES AND DELIVERIES 
Our a im under ordinary conditions is to 

ha\'e a ll items listed in the ca talog avail able 
for immediate shipment rrolll stock. Under 
wa rti me conditions it. is impossi ble to main­
tai n a complete stock, and deliveries ma y be 
dererred ror reasolls beyond the Company's 
control. Deliveries a rc made in accordaoce 
with the priorities and allocation systems 
and, in genera l, arc dependent upon the re­
quirements or the war program. These re­
quiremeuts are determined by govel'lnllental 
ageucies under emergency I'egu lations and al'e 
not subjec t to modification by the Company. 

RESERVATION ORDERS 
We will accept rcservat.ion ordcl's ror 

delivery after war restrictions a re removed, 
No depu!5it. ill req uired , ali(I t.he order mu y be 
cancelled by either the customer or the 
Gellcral Radio Company up to 60 da ys be­
rare the scheduled shipping dale. Es timated 
shipping date, complete specifications, and 
pl'ice will be rumished well in ad vancc of Lhe 
60-day limit. Since man y itcms will be 1'13-
placed by newer !.ypes arter the war, yo ur 
order may rerel' to eit.her presel1ttype IlUlIl­
bel'S or to a general class or equ ipmen t. 
Within Lhe lim its of govem mental restric­
tions t hat. may be imposed, these rosen'a­
tion orders will rc(.'Ci\'e first attention as 
soon as the priority restrictions arc removed; 
the latest design of equipment. will be used 
to 11 11 t hem ; and shi pment will be made ill 
tile sequcllcc ill which OI'ders are I'ecei" ed. 

SPECIFICA nON CHA NGES 
We rescrve the right to discontinue instru­

ments without notice, and 1.0 chanb~ specifi­
cations at any time withollt. incurring any 
obligation to incorporate new reatu res in 
instruments previously sold . 

COI>yri«hl.. 19·11. by Ge~r .. 1 Radio Company, C .. ",brid(l(l. M""" .. U. S. A. 



 

SUGGESTIONS FOR ORDERING 

TAXES 

Prices are subject. to such add itions for 
Federal, state or local taxes as we are now 
or may be required to collec t, and to revision 
as La ally sales, excise, or similar Laxes wh ich 
ma y hereaft.er be imposed. 

NO TRADE OR EDUCA lIONAl DISCOUNTS 

OUf prices arc made on a direct-to­
consumer basis which perm its of no special 
discounts. 

Q UANTITY DISCOUNTS 

When 10 or morc identical items are 
ordered at. t,he same time for a single sh ip. 
menlo the following quantity discounts are 
allowed: 

10- 19 ... . 
20- 99 . . 

100 or more. 

5 per cent 
.10 per cent 

.... Special discounts 
quoted on request. 

The above discounts also apply to quan­
tit ies of packages where the unit of sale is a 
package of small parts. 

BRANCH ENGINEERING OFFICES 

Engineeri ng oflices arc maintained ill the 
following cities : 

New York 6: 90 West Strcet 
Telep\ lone WOI,t h 2-5337 

Chicago 5: 920 Sou th J\ lichigan Avenue 
Telephone WA Bash 3820 

Los Angeles 38: 1000 North Seward Street 
Telephonc HOllywood 6321 

Customers in or near these cities can 
quick ly and cOllvenienll y obta in il lformalioll 
about our products fl:om t hese offices. Each 
ollice is in charge of a graduate engincer who 
has had several years' ex perience in the 
cngineering department at t.he home office. 

Although our domestic sales arc made 0 11 

a direct-to-the-conSlI lller basis, we ha ve 
arranged with numerous foreign distributors 
fo r the sale and servicing of our products 
outside of t.he Ullited Stales. 

WARRANTY 

\-Ve warrant each new instru ment manu­
factured and/or sold by us to be free from 
defects in material and workmanship; our 
obligation under this warranty being limited 
to repairing or replacing any instrument or 
part thereof, except tubes and ba tteries, 
which shall, within one year after delivery 
to the original purchaser, prove upon our ex­
amination t.o be thllS defecti ve. 1\1 aterial 
shall not be considered as defective or not. in 
complioncc witb your order cvcn though not 
ill accordollce with ou r catalog specifications 
or ot.her spccifications if it substan tially ful­
fi lls pel'fonnance specifications. 

REPAIR PARTS 

When orderi ng repair parts, be sure to 
describe carefully the parts required and to 
give the type number and serial number 
from t.he panel of the inst,:um ent. 

SHIPMENTS TO GENERAL RADIO 

When returning instruments for repair, 
recalibration, or for any other reason, please 
ask our Service Department for sh ipping 
instructions. Please stat.e t)'pe number and 
serial number of instrument and date of 
purchase. 

OTHER GENERAL RADIO PUBLICATIONS 

In addition to this catalog we publish 
a mon thl y maga:~i ne, the General Radio 
Experimenter, for free distribution among 
interested persons. I t contains technica l 
and semi-technical engineering articles which 
are con l.ributed, for the most part, by our 
cngineering stalf. To be placed on the 
ma iling list, simpl y addrcss a request to .us 
containi ng your nam e, mailing address, and 
business affiliation. 
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PATENTS 

l\luny of our products are manufactured and 
sold uncleI' United Slates Letters Patent. owned 
by the General n adia Compa ny or under license 
grants from other companies. To simplify the 
listi ng of these patents they are given here in a 
single lis t. and referred to at each instrument. 
oll ly by appropriate reference nu mber. 

I.. Vacuum-t ube amplifier devices, electric 
wave fillers, and vacuu m-lube oscillators are 
licensed by Western Electric Company, I nc., . 
under all Uni ted States Letters Patent. owned 
or controlled by American Telephone and Tele­
graph Campa l')', or Western Electric Company, 
Tile., auel an y or alt other United State"!> patents 
with respect. to which Western Electric Com­
pan y, rne., has the right to grant a license, 
solely for utiliza tion in research, invL"Stigation , 
mcasurcmcnt, testing, instruction, and dc­
vclopmcllL work in pu rc and a pplied scicncc, 
including enginccring and ind ustrial fi elds. 

2. Patent -1,87J ,886. 7. Patent 1,9·14,315. 

3. Pa tent 2,29·1 , , 9·~1 . 8. PatcnLl ,967,185. 

4. Patcntapplicd ror. 9. PaLent 2, 173,427. 

5. Patcntl ,901 ,343. 10. Patent 2,367 ,68J. 

6. Patcllt 1,901 ,3M. II. Patent 2,009,013. 

,i 

12. Liccnsed Ulldcr aU patents and patent 
applications or Dr. G. W. Pierce pertaining to 
piezo-electric crystals and their associated 
circui ts. 

13. Patcnl 2,069,9J4.. H. Putcnt I ,9·~3,302. 

15. Licensed under dcsigns, patents and 
patent a pplications or Edgcrton, Germeshauscn 
and Grier, includin g Patents Nos. 

2,185,189 2,302,690 
2,201,166 2,331 ,3 17 
2,201, 167 

16. Pal."l2,:l76,'19·1. 
H . Patcnts 1,7 1:{, 146and 1,744,675. 
18. Paten L 1,983,44,7. 
19. PatenL l,967, 18·k 
20. Patent 2,012,497. 
21. Patent 2,012,29J. 
22. PateliL 1,999,869. 
23. PatenL 1,790, 153 and other patcnts, 

covering electl'ical discharge dcv ices and cir­
cuits with which said dcvices Jlla r be used , 
owned by the Gencral Electric Compa ny or 
under which it may gra nt. liccnses. 

24,. Pa tcnt 2,173,4 26. 28. Pa lent 2,354,,71 8. 
25. Patcnt 2,298, 1 if. 29. Pa tent 2,025,775. 
26. Patent 2,362,!l03. :10. Paten t 2,374,248. 
27. ·Pa tent 2 ,029,:~58. 
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STROBOSCOPES GENERAL 

'fLit: STIIOBOSCOPE is a device that permits rotating or reciprocating objects to be viewed 
intermittently and thus produces the optical effect of slowing down or stopping motion. fr, Cor 
example, an electric fan rcyoh 'ing at, 1800 rpm is viewed under a light which lIashes 1800 t imes 
per minute, the fan will apparentl y be standing sti ll . A slight decrease in the flashing rate will 
make the fan appea r 1.0 revol ve slowly in the direction of its actual rotation, and an increase will 
produce a similar mol.ioo in the reverse direction. Beca use Lhe eye retains images for an appreciable 
fraction of a second (so-call ed persistence of vision), no flicker is seen except. at vcry 10\\' speeds. 

Stroboscopes with mechanicall y operated shu tters for interrupting vision have been in use for 
man y years but. arc subject. to the limitations of slow speed and insulfieient illumination. General 
Radio stroboscopes use the flashi ng lamp principle as devcloped by Edgerton , Germcshauscn, 
and Crier of the l\ lassachusetts 1nstitute of Technology. Short., brilliant., light. flashes are pro­
duced by a lamp fi lled with rare gases, and the speed of the lIash is controlled by an electronic 
switch or a rnolor-driyell contactor. Flashing: speeds up to 14,000 per minute, for visual invest.i­
gation, arc obtained by this method with the STHOBOTAC. and up to 90,000 per minute for 
hi/!h-spccd phot.ography wilh the Power Stroboscope. 

Whcn mechanisms operating at high speeds arc viewed by stroboscopic light, in slow motion; 
all irregularities of thc mot ion present. in t.he original mot.ion arc made visible. thus making it 
possible to observe high-speed mechanisms under act.ual operating conditions. When the speed 
of Jlash coincidcs with the speed of rotation, motion is apparen tl y slopped. The stroboscope thus 
becomes an excellent mealls of measuring speed, and for this purpose the dial which conLrols lhe 
flushing rate of the STHOBOTAC is calibrated di rectl y in rpm. Speed measurement by the 
stroboscopic method ahsorbs no power from the mechan ism under measurement, sinee tlO me­
chanical contact is requi red. 

For the photography of objccts moving at. high speeds. st.roboscopic light provides a means of 
taking both still and motion pietuTCS. High-speed single-flash and mulliple-flash photographs of 
small areas can be made wil h Ihe STHOllOLUX. For photographing large areas, and for taking 
ullra-high-speed mol ion pictures, the Typt:: 621 Power Stroboscope should be used. 

TYPE 631·B STROBOT AC* 
USES: The Stroholae is used for Incasu ring the 
speed of rotatillg, rcciprocal illg, 0 1' vi brating 
mechanisms and for obseT\!ing lheir operation 
in slow motion. In thc design and tcst ing of 
machines and high-speed mechanisms, thc 
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Strobolac is invaluable. The operation of 
motors, fans, pulleys, gears, cams, and other 
machine clements can be examined in slow 
motion. Speed measurcments for overload and 
underload t.ests can be mude. I t is ideally suited 
for rapidly adjusting the speeds of a number of 
madl incs intended to operate at the same speed, 
as. for instance, textile spindles. In production 
testi ng. it pro"ides a means of rapidl y aligning 
Inechan islns thal operat.e under close tolerances. 
I L is approved for usc in checking the ca li brat.ion 
of aircraft tachometers. 

DESCR IPTION: The Strobotac is a small , porta­
ble stroboscope cali brated to read speed direeLl y 
in revolutions per minute. The light source is a 
Stro1,ol roll neon laml> mounted in a parabolic 
reflector. The frcquene~' of a self-contained 
electronic pulse generator determines the flash­
ing spced. which can be adjusted, by means of 
u di l'cct.-n:ading dial, to any volue bet.ween 600 
rp .... and 14,400 rp m. Jf desired. the flashing 
speed can be controlled by an extcrnal con­
lact.or, by the a-c li ne frequency, or by a 
vacuulll-lube oscillator. 

The Strobotron is designed to give an ex­
trcmci)' short. fl ush, and hence sharp images 
arc obtained e\'en at speeds up to several t.imcs 
the scatc values. 

Speeds outside the scalc rangc of the in­
strument. can be measured by using mult iples 
of the lIushing speed. The upper lilll it. is not. 
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sharply defined, bu t, in general, speeds up to 
about. 100,000 rpm can be measured. Speeds 
below 600 rpm can also be measured , but the 
use of the Strobotac for lhis range is not. recom­
mended , because of flicker caused by the in­
abili ty of the eye t.o retain successive images 
for a sufficiently long period of time to give the 
illusion of continuous motion. 
FE ATURES: For speed measurement, tbe 
Slrobotac has ooc outstanding advantage oyer 
olher types of tachometers: no contact with the 
mechanism under measurement. is required, and 
hence no power is absorbed. 

The Slrobolac is portable. compact, aod light. 
in weight Because of this, it cnll be used in 

STROBOSCOPES 

places inaccessible to larger instruments. The 
speed scale is all a drum-type dial , easil y read 
when tbe instrument. is beld in tlle position of 
normal use, and a slow-motion drive facili tates 
precise settings of the dial. High accuracy and 
a wide speed range arc further advo.ntagcs for 
general speed measurement. The direct-reailing 
accuracy as a tachometer is within ± 1 % wben 
the calibration is standardized in terms of a 
frequency controlled power line. 

When a larger area is to be illullliuated, or 
sufficient light for photography is required, the 
Strobot.ac can be used t.o control the flashi ng 
speed of the TYPE 648-A Strobolux described 
on page 4. . I\~I. U. S. PaL Offioe. 

SPECIFICATIONS 
Rang\,-: The fu ndo lucnta l muge of 111I8hins ' 1-' is from 
600 to 14.'100 per minute. The speed is rcud di rectly from 
u dial calibrated in q)lU. By Wiillg mulli ples of the nashing 
speed. the range of UlCll8urement can be extended up to 
about 100.000 rllm, and. by luulti llie ima~s. speeds ;some· 
what below 600 rplll ca n be mcasured. 

Accuracy: ±I % of t he dia l reading above 900 rpm when 
the Strobotae is Btundurdi?ed in terlllS of n frequenc)" 
oootrolled powcr tille. Controls for th is $tnndllrdizlltion 
IIdj llstmeli t <I re I)ro ,·ided . When <In e;o; l.e runl nllshing mClIllS 
i. used . the ,, (:CurIleY is that of the Ihlshing !SOurce. 

Dllration of Flat h: Between:; nnd 10 micrOlleOOnds. 

'f y /Ie 

631·8 
631·P1 1 

Strobotac ... . ........ . 
Repl.cemenl Sllobollon .. 

Power Supply: l OS to 1 ZS votts. 60 cycles. P riCQI for opera· 
tion from lines of other votluges aud {re(ll)ellcies will be 
(Iuoted on requCllt. Pow\'-r Input: 25 wat t4. 
V.tullm Tubes: Onc TYI',e 631· 1'1 St robotron, one 6X5·G 
type. Slid one 6Ni·G tn)t au required . A oomplete IlC t of 
tubes is furnished with the iustrument. 
A ttenories Supplied: SIlMe fuses and I)ilot lUlU lIS, !IC\'en~ 
foot line COlllleetor oord, nml ptug to li t contlle tor jock. 
MOllnting : J\ lc tllt cII IJinc l wilh carr ~' ill g h\llldte. To facil;. 
tu to moun ting t he in ~ t r u," c" t 0 11 (I t,i ,)(toI1. II lOjl lX'(] hole 
(!{ x 20) is Ilro" idell ill Ihe I~!IC of the enbin('t. 
Dimentiont: " }i x 8;:( " 9}f 'nchC!!, o ver-nil . 
N\'-t Weight: 8 ~ ,>ounds. 

. .. ·1 .... 

Price 

$95.00 
4.50 

T " I'K 63 1· 1} S troltolllC ... ith Tn' l! 618. '\ S trobolux. 
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STROBOSCOPES GENERAL 

TYPE 648-A STROBOLUX 

T rpt: 618-.\ Slrobolux. 

USES: T he TYPE 648-A Strobolux extends the 
usefulness of the Slrobotac to applications re­
quiringconsidcrably fIlorc l igllL tl lan theStrobo­
Lron lam p is capable of supplying. Specifically, 
it should be used where larger areas arc to be 
illuminated or where greuter light intensity is 
required. 

I L has been used in c.'i:pcrimCnlal work for 

making high-speed single-flash photographic 
I'ccol'ds of limited areas. It has also fo und some 
application as a ligh t source in conjunction 
with a continuolls-film recorder (sec pU,l,'C 105). 

DESCRIPTION: TYPE 648-A Strobolux consists 
of a power supply and lamp, ca pable of pro-­
duci ng brilli ant. light flashes at speeds up to 
6000 per minute. T he flash ing source is a T YPE 
6iH~B Slrobolac and consequently can be con~ 
l rolled by ( I ) t he sel f-contained pu lse generator 
in lhe Strobotac, (2) the a-c li ne, (3) an external 
con lactor (T n >E 549), or (4) an external oscil­
latol' sllch as T n ' E 913~B. 

The lam p, filled with a rare gas, furnishes 
about.. one hundred t imes as much light as that 
of the Strobotac. 

The p. nli.·p. fl f<.sp. mhly is housed in a metal 
cabinet. with t.he lam p and its 9-inch reflect.or 
on one side. T he lamp housing is removable 
from the case and is fu rnished with a IO-foot 
extension cable. 

FEATURES; T he combination of t he TYPE 
631-B Strobotac and T YPE 6!j8-A troholux has 
all the ad vantages of t he Strobotac itself plus 
the fealufe of high il lu mi nation. No a ppreci ~ 
able dllplica tion of facilities is involved, so tha t 
tho pm'chase of the Ty pg 6·1 8 ~A Slrobolu x is 
an economica l solution to problems I'equ irillg 
greater illu mination than is provided by the 
Slrobolac. 

SPECIFIC A liONS 
Rtn,e: Up to 100 U .. shell- per Ileoonu (6000 l)Cr minute). 
Single U/lshCll for Ilhotog r/l 11h)" con olso be olotui " oo. 
Dura t ion o f Flash: Between 15 find 50 microseoomls. de_ 
velldi ,, /!, UllOn UaJ;hing sp.ceu /lnd llllOn I,he !!(lUing of the 
S PEEDS runge swi tch. T he ghorler fl ash is ohtained at th" 
higher ft l)eeds . 

Accuracy: T he aCClJrac~' is tha t o r the 80ur~"C w n trolling 
the fl ashing speed. (&le speeifieoljolls for T YP E 63 1-ll 
StrobOluc. Imge 3.) 
Power Supply: 10;:' to 125 voll$, 50 1.0 60 cycles. 
P ower Inpul: 125 ,,,,,ttS, ma lli.uu ... . 

V.cuum Tube: One 5Z3 itecti fier a nd one T y po,: 6,IH-PI 
Lamp. both of which are fIL rll ished with the instrumen t. 

M o unt in , : The oowplete 1181l<!mhly is housed in a sheet 
me ta l ease. The IlImp a nd il3 9-inch reflector are nlOUllte<i 
on oILe sirl{J, the power 8\1ppl y OIL lire olh" r . The relllov" ble 
lamp flJIS('.mblr is pro.' ide<:1 wilh II M;'II ZO 'uPIJCd hole ror 
tripod moun ting. 

Acceuorie5 Required: A Strobalac is neCC!I/Iory to opemte 
the Stro bol"x . 

A ccessories Supplied: A powe r c" hle . II cuble for COIL­
nect ioQ to the S irobalac, an ell tens ion cable for the la mp. 
• paTe pilo t la m llS a nd fU!IelI. 

This II l1 nl lone he<1 sing le· fl ns l, pho to/o:r; '11h. Inkl'n 
wilh the S lro llOl l'x. shows" loom ,,10,,1.1 1.:: ilL mol ion. 

Dime nsions: 13,.... II 11 7i II 13 ~ ino.;!,,:s, over·n ll. 
Net Weight: 31 ~ IlOulI,b . 

648·A 
648·P1 I Strobolux .... ...... ····1 

Replacement Ltmp .......... " ...... ........ . 
~AT.y 

S U l u.Y 

5150.00 
15.00 

PATENT NOTICI-;. s.... Note IS, pare ,·i. 
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RADIO C O _ STROBOSCOPE S 

TYPE 549-C SYNCHRONOUS-MOTOR CONTACTOR 
TYPE 549-P2 HAND CONTACTOR 

USES: These cootactors arc intended fOf use ,--- -------- --- ------, 
wi to TYPE 631 St robolac and TY PE 648 Sl.robo­
lux as sources of accurately timed impulses for 
flashing. A plug-in cablc is provided for COIl­
ncctioos between tbe con taclor head and the 
Strobotac. 
DESCR IPT ION: The synchronous-molor con­
lactor, TYPE 549-C, when dr iven from a 115-
volt , 60-cycle line, is capable of fl ashing a TY1)I~ 
631-B Slrobotac 31. any rate between 150 a Eld 
3600 flashes per min ute. T he con lactor is d riven 
by an 1800-rpm self-star ling synchronous 
motor. Flash ing ra le adj ustment is made b)f 
turning the fluted knob, which changes the 
ratio of t he friction-drive mechan ism. A cali­
brated scale gives the flashing [ale in fl ashes per 
minute. Phase can be adjusted independently 
at the eou taetor head. T wo ranges a rc provided, 
one covering speeds from 150 to 1300 rpm, the 
other from 700 to 3600 rpm. These arc funda­
mental ranges; speeds which arc multiplcs of 
them can, of course, be measured . T wo discs 
and two scales are provided, and the change 
from one range to the olher can be accom plished 
in a few minutes. 

The contactor head can be removed and used 
independently as a hand con tactoc. A rubber 
dri \'ing tip is provided fo r this purpose. 

T he uncalibrated head , fitted with rubber ti p 
so that it can be driven from a rotating shaft, 

is available separately as t.he T YPE 549-P2 
Hand Contaclor. 

FEATURES: Accurately timed flashing rates as 
low as 150 per minute can be obtained. The 
phase of t.he flash, i.e. , its time in the flashing 
cycle, can be adjusted. T his makes it possible 
to arrest the molion of a mechanism at any 
point in its cycle of operation. In many strobo­
scopic invcstigations this feature is valuable. 

SPECIFICATIO NS 
TYPE 549·C 

Range of Fluhing Spnds! 130 lo 3600 flushes per Wi IHl t<J, 
in two rnng(!8. 
Contro ls! 0".., knob ror adjusting SlIced and the 1Il0,·a bl.., 
cont(actor h<Jn u for udjust ing phus<:. Eo..,h i$ pro,"ide<! with 

T\"I'~: 5·19-1'2 H(l'ld Con tactor. 

T.vpe 

Synchron ous-Motor Contactor ... . 

o lo-o::k ing arrangement for holding it firm ly io lbe desired 
position. 
Accuracy: T he O<J<:ura..,y i$ determined b)" t he frequeoey 
s tnbilily of the pow<Jr line and tbe amount of wear of the 
rubb<Jr rim on the driven wheels. When the wh(!(lls and 
s..,ales ore ~et <Jorreetly, th <J <Jrwr will iU<Jrcase as eitber 
s<Jale end is oPllroo<:il<Jd . Ilnd moy b<J cousidercd to be oot 
gr<JIl(<Jr than ±50 rpm 011 the low, and ± ]QO rpm on the 
high s<:a]C$. 
Power Supply : 105 to ]25 VOllS, 60 <JY<J!cs. 
Power Input! 35 walls. 
M ounting: l\ lotor aud conta<Jtor are mouuted on an alumi­
num b08<J. ClulIll; ing from the high to the low speed raoge, 
and vi..,c ,"erst!. nCC<Jssi lales chonging tile size and positioll 
of th<J driven disc. Two seU! of mounting holes. two di!l<:8, 
a nd two s<:n]cs Ilr<J provided for th is pUTpll>ie. 
Dimensio nS! (Lc!nglh) 9 U x (width) 6U x (height) ,, ~ 
in<Jhes. onr-a 11. 
Net Weight! 10 H pounds. 

TYPE 549-P2 
Dimensio ns: (Length) 7 x (diameter) 3 }:( in<:i'<JS, over-all. 
Cord : Co" ne..,ting eord is furnished. 
Net Weight: 2% pounds. 

Code lI'oni Pritt 

549-C 
549-P2 
549-373 
549-371 

H and Contador ... . ....... .. .... . . " ........ . 
MACA W 

MA IM ),! 

" ,·onA 
HY~IY.N 

$70.00 
30.00 

3.50 
2.50 

Rep lacement Disc (150-1300 rpm). 
Replacement Di~c ( 700-360 0 ,pm). 

PATENT NOTICE. See NOle 15. P"S" , . j. 
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STROBOSCOPES GENERAL 

TYPE 1530-A MICROFLASH 
USES: ' r he 'Iicrofl ash is a light source for single­
lIash photog-mph y. II provides a high- intensi ty 
light flush whose du ratio n is a pprox imately 
2 millionths of a seco nd. Conseq uentl y. i l is 
capable of arrt"J;1 ing ex tremel y r'apid molion. 
COl1ven tional camera equipment. is qu ite sa tis­
fac tory fo r use with the M icronash . 

Pho logl'aphs of bod ies moving at ext remely 
high speeds are possible wilh the .\iicroflash, 
a nd it rind s man y appl icat ions in engineeri ng 
and the physica l SCiCIlCCS, purl iculad y in such 
fi elds as ballis tics. hyd rau lics. kinemat ics, und 
industrial chemist ry. 

6 

Th" ' I icroU"sh .... "s u~('d o~ (. li~hll!Ourcc i" [" Lin)! 
llo i~ photograph of u l'roj ... ..., rilc ill night. 

DESCRIPTION: The clemenls of the j\ 1 icrol lash 
m"e a l}Ower' supply, a gus-fill ed lump, and a 
tr i~ger circuit. The high-voltage transformer 
and recl ifi er, opel'u ling from rhe u-c power' li ne, 
charge a condenser across the lamp ter'mi nals. 
All electricul impul se, which m ay be deri ved in 
anyone of scveral ways from the pheno menon 
to be photog raphed. ioni zes t he guS ill the lamp, 
and the cnerg~' slored in Ihe f'ondenser is dis­
sipated in a d ischarge th roll~h the lamp, pro­
ducing u sholt hrillia nt. flash. A minimum of 10 
seconds is req uired bet.ween fl ashes for the con­
denser to becollle fu ll y charged , 

Thc t r i/l~cr circuit. includes an ,unplificr, so 
that the Il ush can be tripped with a convcll ­
liollUl crys tal microphone, if desir·cII. The flush 
c all also be tr iggered by a Inu kc 0 1' brcak 
con tact., 

FEA TURES: The ou tstanding fcature of the 
Micr'ofl ash is its hig h intellsit r and very short. 
fl ash, During the flash, an objcct mov ing at. 
1000 feet. per second would be displaced on ly 
one or t.WO hundredths of a n inch. Conse­
q uen t ly, sharp records can be obtained of 
bullets a lld ot.her projectiles in flight . 



 

RADIO C O. S T R OB OSCO PE S 

SPECIFICATIONS 

DUhtlion of fl ash: '\I,proximale!}' .2 microsec:<lnds. 

T emptr.ture .nd Humid ity Effeels: Temperature nnd hmn;.tity 'llrilt l io,,~ 
(32 10 1000 F . 0 to 95 q, n .H .) IUlvll no RIII,r •. :ci:. ble dfccl " 1.011 the 
o IIeNlti ... " o f the ill$lrurnc"t. 

Power Supply: IO~ 10 12.3.2 10 to 2:>0 '·olls. SO to 60 ,')·cI~'II. 

Power Input: ';"0 ,,·ults. 

Tubes: 
L - :iT I (He ,\ ) 1 _ FC - II (GE) 
1- 2V3G(JlC A) 1 - 6,\ Ci (lS:)2) He\ 

O ne 1;;30_1'1 (Gcner,,1 n ndio) 

Ace,,,olies Supplied: i\licrophonc with c"bl" , 1.; ,10<.1; "II lul)('$; ~lll"C 
I.i lol l"rnpII ,,,,,I fus~; .2 ~ Il" ro n (,~ h I,,"'rlll Tno~: 1:;30·1'1; plug for t.VIl ­
n t'C l ion tv OOll\"" lo r-l dll j: .ck. 

Mountin,: The ,>ower ~ \lI)ply and Iri,loi',I.i'cr ci rcuits orc "*'e '"IIII.. .. 1 in """ 
,,,el nl .:,,~c. II,,· lu"" , in a "ul l,,: •. The two ca$C~ loc~ 101o:,· I1".: r ror Ir",, ~­
port; ,t;"" , complete ly protect ing the b",,, nnd co" I,'Ok 

Dimenlionl: 2 1}i x 13':1 x II ~ ;nch<.'«, o"crnl l, 

N et Weisht: ;2 I'lou"ds, 

1530-A , MicroA.nh ••• , ... """"', .. ' •. , , . , ', . ,. / 
1530·P1 Replacement Flash lamp .. .... , , .•.. . , .... , 

· 1' 1 ... ~r .... ,,1 Fed"",, ' \" ".,;, •• loot01l1'llI>I, ic ~"ipmt:"l.. 
I'A'n :,\,r NOTIC":' s.,., NOI" 15. ,,,,,,, ";' 

T ,,!'I'Y 

TO"IC 

TYPE 621 POWER STROBOSCOPE 

I>riu 

$5 25.00 · 
15.00 · 

'fhe TYJ>E 621 Power Stroboscope supplies 
even grealer light intensity per flash than docs 
the T YPE &lS·A Strobolux and is capable of 
being flashed at much higher speeds, It is par­
ticularlr designed as a lighL source for the TYPE 
6:) I,· A Hecorder. With this combinatioll , motion 
piet.ures can be taken at speeds up to 1500 ex­
posu res per second, permitting the study of 
Iligh-speed tmllsient or nOll-repet itive motion, 
tur'bulcnce and cavitation in fluid flow, and 
othel' industrial and research problems, 

flashing rales or fol' taking high-speed motion 
pictures, a stroboscope of considerable power 
capacity is required, 

When t.he Power Stroboscope is lIsed in ultra­
high-speed photogra ph r, the flashing rale is 
commonly controlled by a commutator on the 
camera. 'In this way the individual e"l)osureS 
arc accurately framed for projection at !lonnal 
speeds, 

When stroboscopic light.ing of high intensity 
at a high flash ing rale is desired, considerable 
power is rC<lui rcd, since the power that. must be 
supplied to the light is directly proportional to 
the dcsired intensity. as well as to the frequcncy 
of flashing. Thus, although the TYPE 648·A 
Strobolux furnishes a light intensity adequate 
for ill um inating small areas or for single-flash 
photography, the maximum useful flash ing rale 
is limited by the power supply to about 100 per 
second. For applications in volving vCl'y high 

'1'1", I .... ,.-er 81rohOllCOl'C ;" bui ll to orde r only. 
Pri~. Oil r<"/u~~I. 

I'AT" ;'> T NOTI C E. s.... N<>t~ 15. I';,,,e "j . 
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NOISE METER 

TYPE 759-8 

SOUND-LEVEL 

METER 

USES: The Type 759-B Sound-Leyel Meter is 
suitable for all i )1 >CS of commercial and in­
dustrial noise measuremen t l\ lanufact.urcrs of 
machinery and appliances use it. for measur ing 
product. noise both in the research laboratory 
and in production. Sound transmission and 
absorption and the acoustical properties of 
materia ls can also he measured with it. I t meets 
equally well the requirements fo r noise measure­
men t in surveys of the psychological and physi­
ological effects of noise. 

For t.he industrial plant, iL provides a means 
of measuring product. noise. se t t.ing up noise 
standards, accepting or rejecting products on 
the basis of Boise tests, amI. fiua ll y, auaiyzing 
and correcti ng trouble in lhc rejected uni ts. 

In this last. use, as in many others, a fre­
quency analysis of the noise is usuall y valuable. 
For this purpose, the TYPE i60-A Sound Ana­
lyzer (sec page 11) has been dcs.igned. 

The usefulness of the sound-level meter may 
be extended to include vibraLion measurcmcnts 
by substituting a vibration pickup (sec page 10) 
for the microphone. The low-freq uency response 
of the sound-level meter is sufficient'! y good to 
permit vibration measurements at. frequencies 
down to 20 cycles. Such measurements include 
the fundamental and harmonic frequency vi­
brations of mach ines rotat.ing at. 1200 rpm or 
higher, as well as many structural resonances. 

For vibration measurements below 20 cycles, 
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GENERAL 

howe\'er, the TYPE 761-A Vi bl'ation Meter is 
recommended (sec page l3). 

DESCRIPTION; T YPE 759-B Sound-Level l\ leter 
is an accurate, Imrtable, low priced me ter for 
reading, in terms of a standard reference level, 
the sound level at its microphone. 

'fhe sound-Ieyel meter consists of a non­
directional microphone, an amplifier, a cali­
brated attenuator, and an ind ica ting meter. 
I t is battery operated and completely self­
contained. 

An a-c power su pply unit is also available 
(see page 10). 

This sound-leyel meter com plies with StU the 
tentative standards for sound-level meters 
specified by the American Standards Associ­
ation , the American J nst itute of Eloctrical Engi­
neers, and the Acoustical Society of America. 

All three frequency respon~c characteristics 
recommended by the A.s.A. arc included. I n 
addition to the st.andard metel' chumCl.erislic, a 
heav il y damped movement, fo r reading rapid ly 
fluctuating sounds, is provided . 

FEATURES; The outstanding features of this 
instrument are its por lability and ease of opera­
tion. Weighing a little over 20 pounds. and 
being com pletely self-contained (i ncluding the 
batteries or a·c power suppl y) . the instrument is 
completely porlnble. I t is so simple in operation 
tha i. it can be used by non-technical personnel. 



 

RADIO CO. 

SPECIFICATIONS 
Sound·level Re.nge: Calibrated · ;n decibelll Crom +2'~ db 
to 1010 db above the standard rcfereoee level or 1O~16 watlol 
(u pres:sure o f O.OOO!! d)'nell) per lKIuare cen t imeter in l'I 
free, progrcllllive wllve It t 1000 c)·des. 

Frequllncy Characterhtlcs: The frequency chnrllctcris tie or 
the sound-level m<)l(!r is adjustable to fo llo w three di1TererH 
curvCII. The lirst and seC()lld of these nrc, rc¥pectively, til e 
-1O ami 70 db equal-loudn<:$5 oontours ill llocordance with 
the tentn l; .-!' standard ProllO$ed b)' the Ame rican Standards 
"ssocilliion. The thi rd frequency responle charocteriil lic 
give. II substantially e<1,," 1 response to all frequencies 
within the range o f the instrument, This characlcristic i. 
ullcd when lllcasuriu j;: extremely high 80und levels or when 
using the ins trument with TyP£ 760-A Sound Analyzer. 
Microphone: T he microphone Ulount, on a foldiog bracket 
on top or the ill$lnnnentand fold ~ down into a recess in the 
panel whell not in use. I t caD be removed from ita mounting 
brock('t for use with Oil c)[lension cul.!le ond trillOd (_ 
price lis t). 

The micropbone is of the crysta l, diallhrugnl, type wit ll 
an estentio tiy DOIl -di rectioDIlII respon~e churpcteristic. It is 
rugged Imd .table, aod i18 sensitivity i. l ubstant ially UO· 
a lfected by ordinary changes in temperature a nd humidity. 

The rellpoo!le of the microphone i . eMenlinlly Uat below 
4.000 cycles, and tho absolu te levcl (of the souDd·level 
meter) i . corrected in accordance with the ASA tentative 
standords to cuned out any w inor microphone i r regula riti~ 
wben sounds of uverage frcqueocy dis triIJution arc bc.illil 
measured. 

Tho absolute level or all wicrophon CII i8 checked at 
!leveral frequencies ajJainst a s tandard microphoDe, whlllle 
calibration ill periodica lly checked by the U, S. Bureau of 
StoDdard, . In addition the imlledance of the microphone 
is he ld to close tolerancCli. 
V ibration Pickup: Tho T vr}; 759·P35 Vibration Pickup 
with the TYPE 759·1'36 Control 80x call be used in place 
of the microphone (llee next page) . 
Mder plus Altenu.tor: The50und level is .-.::ad as the 'um 
oC ~he meter read ing ~md the reading of a s tepped attenu· 
ator. A lIingle knob controls t wo ottenuotO" furn ishing 0 
total of t OO db atten uatiOn i.l step~ of 10 db. T he indicating 
meter is appro;<imateiy linear in dcd bels, and its scale is 
open aud easi ly reud . I t covers a 16 db range, thus pro· 
vidillg a lIa ti sfaetory overla p between the s tep!! of the a(.. 
tenuator, A SLOW· FAST IIwitch ma1<es IIvll itable two 
meter speeds. With the control s,,·it.ch in the FAST pooIition 
the bllilislic characteri s tics of the me ter clollcJy match those 
of the human eor lind agrt'1l with tentative s tUlldards of the 
America n Staudards Association. In the SLOW position 
the meter is shun ted by II large coudenser. T he rcsuh ing 
heavi ly damped nlovement is oouveuient for observiug t he 
average level of rapidl)' fluctuating sounds. 
C.libr.tion; A meanll ill provided for s tandardizing the 
sensitivity of the iIl$lrumen t. Any a·c power line of a p' 

NOISE METER 

i\lcas ll rill g the noise fNJm (I v('nlilnting rnn with the 
souml. lc."ei lllc t.cr. 

pro)[imatciy 11 ::; vOllS ca n be uscd as a soure<! of ll tandard· 
izing volta .. -e. A ~ven·foot lille--connector cord ill furnished 
for this purpolle Ilnd is s!orOld in thl) cover of the carryiug 

Accuracy: T he freq uency r~ llOuSe curvC$ of t he Tn' f: 
759·8 Sound· Level /II e!l)r full within the toJ..:roncClI sped­
lied b y lhe ASA tentative 8tolldards. WI,en the amplifier 
sensitivity i,l sta ndardized the absolu te accuracy ofsonnd_ 
level mea$uremenlS is "'ithin ± l dt.ocibel for average fUa· 
ehine ry noises in accorda nce wi t h t he ASA standards, 
Temp~r~tu,e ~nd Humidity Effecb: Read ings are inde· 
pendCDt (within I dh) of temjl<!fntUTe and humidity over 
the l'ange$ of room conditions normally eUCOu ll tered. 
Ext~nsion (.ble ~nd Tripod: An extension cuule nnd tripod 
(TYPE 159·P21) can be supplied for using the microphone 
a t a distance from the souud·lcvel meter. " correction curve 
is su pplied , givi ng the ca bl Ol correction as a fnuction of 
temp(: rnlure, This !I)mperatu re correction i~ or iml)Ortance 
only above 85" Fahrenheit. 
Batte,iu: A single block ba tter ~· (Bnrgess type 6TA60) is 
used and olle is supplied with lhe instrllUlcll t, The l'vf'F. 
759·P50 l 'ower SUPllly if avoilable if a-e OllC ration is 
desired (see next page), 
Tub~s: T hr<:ll type IN5·GT lind oue t ype lD8·GT are Te· 
quired . A complete set i", supplied with th e instrumcnt. 
(ne, The lIOund·Jev..,1 metcr ill 1I)0uuted in a shielded 
carry ing case of durable nirp lane-Iuggage conSlruction. 
Dimen1ions: The over·all dituell3ions are approxi mately: 
(hcight) 1I }i x (ll)ngtb) lJ }i x (wi<lth) 9}i inches. 
Net Weight , 22 U pounds, with baUer )'; 17 .11: pounds. 
without Imltcr~ . 

Cod~ Word Price 

759·B 

759·P21 
I'AT ~:NT NOTICE. 

1 

So und-Level Mettr . ........ .... . 
Rtplacemtnt Balte,y fOf .bove ...... . 
Edtnsion C.ble (25 ft.) .nd Tr ipod , 

.. -··-1 ...... 
"·O~I A I) 

i\"O"'AI)i\"UB .'T 

"1~160 

$195 ,00 
3.50 

11 .50 
s..e N<lles L :1. I"'ge ~i , 

~:,~~ 
C~U".TlO. ;:;l ---'1 "'~' 

~ .~"~= ~;:r...i . 
.n.- " 

') Q I.OC'U"~N '" 
\( WI ......... 

~.c ... O(" nn 

7 lO 
.. )i~" 

~f1U 

• nW".K Nt:'''OAK •• '" .. e .. 

/ 

Functional block diagram of Ihe Tyrt: i59- 13 Sound-I..e,·eJ Meier. 
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NOISE METER GENERAL 

TYPE 759-P50 POWER SUPPLY 
USES: T he TYPE 759·P50 Power Supply has compact unit. that fits into t.he battery COIll ­
been designed for use with the TYPE 759 partment of the TYPE 759-B or TnI'; 759-A 
Sound-Level :Metcr where an a-c power line is Sound-Level Meter. A selenium rectifier pro­
available. vidcs the fil ament supply. A conventional rec­
DESCRIPTION: This power supply is a light, tifier and filter provide t.he plate suppl y. 

SPECIFICATIONS 
O utput: 1.5 volts filament. .supply !Iud 90-veh plllle supply 
ror TnI'; 159-8 Sound-Level Meter. Alternatively. a 3-volt 
filament .suppiy is avai lable for use wilh lhe older T ypl": 
759-A Sound-LevcllHeter. 
Hum <lind Noite level: Sufficiently low to assure sa tis­
ractory operation of the TYP8 759-B Sound-Level Meter, 
when the supply-liue rrequency is 60 eycles. 

On the older '1' ,. .. & 759·'\ Sound-Level J\lcter. operation 
at line rrcquencies below 60 C)'clell is generllily pos;sible. but 
is not reOOnlmcnded. At 60 cycles. satisfactor y opera tion 
ill obt"ined Oil nil ranges exc.:pl III Ihc 30-db Iltlcnualor 
aclling. 

Input Volt.g", 105 to 125 volts .• 10 to 60 cyetes. 
Input Pow"r: Less thsn 8 wa t ts II I JlS volls. 60 c)'c1e.. 
Tllbe: Ooe type 6 1-1 6 illllupplied . 
Termin.h: A;l outpu t socket fils th ~ pl ug On Ihe butter}' 
cPhle of the T YPf: 759-B SoUrlIl -Level Meier. 
Dim ensions: (Length) ]0 x (" 'idlh1 2Ji x (depth) 5 inches. 
Net Weight: 7~ pOtHlds. 

I'riu 

759-P50 I A-C Power Supply . • \ 1<I;TT Y I 555 .00 

VIBRATION PICKUP AND CONTROL BOX 

The TYPE 759-P35 Pickup and TYPE 759-P36 
Control Box have been designed for use wi th 
the TYPE 7S9-B Sound-Level :MeLer. To make 
vibration measurements with the sound-level 
meter it is merely necessary to replace the 
microphone by the control box and pickup (see 
TYPE 759-B, page 8). 

The TYPE 759-P35 Vibration Pickup is an 
inertia-operated crystal device wh ieh generates 
a voltage proportional to the acceleration of the 
vibrati ng body. By means of integrati ng net­
works in t he control box, voI Laf,>es proportional 
to velocity and displacemen t can al so be de­
livered to the sound-level meler. Tile desired 
response is selected by means of a three-point 
switch on the control box. 

SPECIFICATIONS 
Calibration: T he db readings of tbe sou!HI-le" eI meter can 
be converted iute absolute values of displaee lllcn l. "c loeil)" 
or acceleration by wca ns of Clllibrlltion fillurt:fl supplied 
witb each pickup and control box. 
Range, T he range of measurement of the pickup a nd oootrol 
box when USEd with the Tn~ 759-B Sound-Le"el i\leur i ~ 
tl pproximately as followa : 

Average Double Amplitude-I OO micro·inches (milli. 
mum). 

Average Ve locity~1000 miero_inchCII per seoond (mini_ 
mum). The upper limi t of velocity and dis t)laccruel1t 
lDeasurenlenls is dependent on t he fre(luency a nd is 
de termined by the maximum acceleration pcro ni!l$ible 
before non-lineari ty occurs (lOg). 

A"erage A eceJer8 tion~1000 micro·g to 10 g 
g _ 32.2 fl. /see./SEc. 

Frequency Chlfacteri5tic: T he over-all res l>on~c i. 81lproxi­
mlliety nflt UII to 1000 cycles. A t)'[lical reS[l()IIlKI <.:un·e is 
shown a t tl,e right. 
M ounting: Both control box and pickup are lloused in 
met.'l] containers, finished in black Jacquer. The control 
box plugs in to the sound·level meter. ond the pickup iu 
tu rD plugs in to the con trol box. A flexible cable 7 fee t 10llg 
i,suPI)] ied. 
Nt! Weight, TYPE 759-P35 Vibration Pickup. 8 ounces 
(pickup ooly); pickup plus ca hle Rod lip', J pound; TYPE 
759-P36 CoDlrol Box, I pound. 6 ounces. 
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The "ibr;Hioll pickup ,wd OO,.,lrol hox plug into th ... 
lKIund-l .. vcl mcler in placc of thc ",icl'Ol,holl<'. ,,~ 

3ho"' 11 hl'~. 

: 111111] 
'''<'''''''''' - <><cn pt" to ..... , 

O" er-~,11 frequent')' rcsponliC characte ri st ic of the 
"ibr(lholl lJick"I). controll>ox. (Iud !I<lu,,<i-lc\'C] ",e ler. 

T.vM Uxlf! WQrd Prict! 

759-P35 1 V ibrltion Pickup ··· ·1 NOSEY 1 532.50 
759-P36 Control Box ... . . ... NAI<iI<iY 30.00 



 

RADIO CO. NOISE ANALYZER 

TYPE 760·A SOUND ANALYZER 

USES: The Tv!' !'; 760-A Sound Analyzer has 
been designed particularl y for analyzing ma­
chinery noises or noise levels caused mainly by 
electrical or mechanical equipment The focl 
that. the selectivity curve widens proportionally 
as the frequency is increased makes it suitable 
fOl' measuring noises caused by muchillcs that 
do not. I'llll at absolu tel y constant. speed. T he 
instrument is particularly well adap ted for 
ana lyzing the sound made by automobile and 
airplUlle motors and indUSlrial or household 
equipmen t. 

Allh ough designed for use with the TY PE 759 
Sou nd-Lcvel l\ lctcr , the analyzer is not neces­
sarily restricted to this applica t.ion. It may be 
used in conjunction with all y microphone and 
amplifier combina tion tha t proyidcs sufficient 
outpu t voltage. 

As a general laboratory ins trument the TYP E 
76Q.A Sound Analyzer can be used as a har· 
monic a nalyzer to measure components down 
to 1% of the fundamental . It is very useful as 
a bridJ:,oc.balancing indicator. since it can be 
tU lled to the bridge freq uency, thus eliminating 
errors caused by harmonics. T he logarithmic 
ind icati n~ meter is of particula r adva ntage in 
th is application . 

Another important usc is the a nal ysis of vi· 
hrutiotls in conjunction with the T YI'E 761·A 

Vibrat ion l\ leter or wit h the T YPE 759·6 Sound­
J..e \'ell\l eLer Dud vibra lion pickup. 

DESCRIPTION: The TYPE 760-A Sound Ana· 
Iyzer consists of a selective amplifier, operating 
on the degencration principle and having a 
constan t pel·cen tage band wid th, combined 
with a VUCU lIlll -tubc voltmeter having approx i­
mutel y logari th mic characteristics over a wide 
range. 

The principles on wh ich the analyzer opera tes 
are show n ill the fu nc tional di agram on the 
next page. 

The instru mcnt was designed pa rticularl y for 
use wi th the T n ' E 759 Sound-Le"el J\ letcr. a nd 
this combination provides an accurate a nd con­
venicnt mea ns for measuring not only the actual 
level of sound, but a lso the rela tive ampli tudes 
of the compollen t frequencies. 

FEATURES: I n the development of this ana· 
IY7.cr, simplicity and COllvcniencc of operation 
were considered of primary impor Lance. T he 
freq uency cal ibra tion is read d irec tl y on a large 
dial , which can be rota led continuously to cover 
the en t.ire freq uency ra nge of Lhe instrument 
with a minimum of effort. A push·bullon switch 
operates the mul tipliers. so that it is a simple 
maller to scan quickly the ent ire frequency 
range of the anal yzer or to change the tuning 
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NOISE ANALYZER 

between two remote points in the range. A 
stabilized circuit eli minates the need of any 
battery adjustments, and a neon ballast lamp 
provides satisfactory accuracy of t he loga· 
rithmic voltmeter circuit, regardless of the 
condition of the batteries. 

A volume con trol is included to adjust tbe 
instrument for use at various input levels, but, 
jn actual operation, no meter multipliers or 
volume controls arc used since Lhe complete 
fange may be read on the single logarithmic 
meter scale. 

The selecti ve ci rcuits used in this analyzer 

GENERAL 

con tain only resistors ami capacitors; no in ­
ductors are used. Because of this, external mag­
net ic fields have no appreciable effect on the 
operation. 

Since the instrument was designed as a com­
panion to the TYPE 759 Sound-Level Meter, 
smaH size and low weight were considered ex­
tremely im portan t, and the instrument is 
smaller and lighter than most of the analyzers 
which have been used for noise work in the 
past. The complete instrument is mounted in 
an airplane-luggage lype of case matching that 
of the sound-level meter in appearance. 

SPECIFICATIONS 
Frequency Rtnge: Cnl ibra ted direc tly in cycles per second 
frOIll 25 to 7500. Thistolal range is covered in fivecow plete 
turns of the tuning knob. the rangCII on the various dial 
rotations being 25 to 75, 75 to 250. 250 to 750,750 to 2500, 
and 2500 to 7500 cydes. A push-button .wi tch allows im­
mediate change of the main control to nny of these ranges. 

Frequency Ctlib,.tion: The accuracy of frequcncy cali­
bration is ± I J.i% of the frequen cy 10 which thc dial is set 
or ±01 e)'des per second , wlliebcver is the larger. 

Volttge Rt nge: T he analyzer will give usable iodications 
00 in put voltages rauging from I millivolt to 10 voll.8. The 
meter scale is calibraled for reading dirtetly component 
tonell down to 1 % of the tIOund pressure (or voltage) of the 
fundamental or loudellt componenl. Accordingly. to make 
full use of this feoture, the input voltage al lhe loudest 
colllponeni or fund amclltul should be 0.1 yuh ur \'iol«:r. 

Inpul Impedtnce: The input impedance is he lween 20,000 
and 30,000 ohms, depending upon the lletting of the sen­
si tivity control. A 3,/-,f blocking condenaer is in series wi th 
the input. 

Frequency Response: The response i8 lIat wi lhin ±2 db 
over the entire range. At poinl.8 where b 'o rnnges o,·erlop, 
tbe ,;cnsitivity is the SAwe On either rnnge, within ± I db. 

Stnd Width: The average selectivity is s uch thnt the rela­
tive atteuuation i, 3 db at 1 % olf the peok to which the 
ann.ly~er is tuned. 

Temperature .nd H umidity Effects : Under VOJr)' severe cOu_ 
ditio08 of tempera ture lind humidity only I light. ond genClr· 
ally negligible. ahifl3 in calibrotion, se.nsitivit)·, and bond 
width will oceur. 

Ci,cuit: The circuit consiSI3 of a Ibrce-3tnge aRiplifier made 
.elective by the use nfdegeneration, and on approximalely 
logarithmic vaeuum-tu.be voltOlCller circuit . which a llows 0 

rang(: sligh tly in eX~M of 40 decibels, or 100 to I, to be 
t eod on t he meter scale. 

Mde" T he indicating meter is cnlibrated down to I % of 
the fundamentlol or loudellt component of the sound. A 
decibel scale is also included, extending to 40 decibels below 
tbe fundamental or loudeil component. 

Telephones: A jock i, provided on lhe panel for plugging 
in a pair of bClad telephones, in order to li,ten to tbe actual 
cowponent of the 80u nd to which the instrument is Inned. 
This is 01.$0 useful when using the ItnalyUT aa a bridge_ 
bolllnce indieat¢r. 

T,p' 

76O-A I Sound Anllyul. ... . 
Set of Replactment 8etterie$IOI Above .. .... . 

PATENT NOTICE. See Nol .. l. 21. ""~ vi. 

11 

Tubes: Three I H4-G nnd one n '7-GV tubes ore requi red. 
A uoon regulator tube ( tYIJ6 1'-4 H) is also used. A complete 
set of tubes is supplied with the instrument. 

Batteriel, The batteries required are four Burgeu Nn. F2fiP 
3-volt baUeriell, or the eqnivolenl. and three Burgess No. 
Z30N 45-volt batteriea, or tbCl cquivaleut. A compll rlment 
i, provided in the case of the anal y..:er (or holding all 
batteries, ond connections are automatically mode to lhe 
batteries when the cover of thi~ compartment is <:lOlled. A 
aet of hotteriell i~ in<:luded in the price of lhe instrumenl. 

Accessories Supplied: A ijhiclded ca ble·und-plug U!ISCmbly 
tor connecting the analy..:er to the sound-level meter. 

Cue: The analy..:er is built into a shielded carrying ense of 
airplane-luggage construction. In IIddition to the handle on 
the cerrying case, a handle is provided on the panel nf the 
ins trument ror convenience In moving Ihe instrument about 
... I,ile it is in operation. 

Di meniioni ' (Length) 18 x (width) 10 x (height) I I H 
incheij, over-all. 

Net Weight: 34 pounds, with lJl1tt.eries; 27 J{ pounds. with­
out butteriell. 

"lY , 
~ , .-

M :'C , J) • . , 
• 

A functi~na l diagram of IhQ gcneral l~'pe of circuil used 
in Tn'~ 760·'\ &:mnd Ana lyzer. The sy~te'" colliisl3 of 
on (lmplifier with a propagatioo constant l' a nd II feed­
hack network with a proj)llgation constant {J hoving the 
frequency characteristic. ahown above. The degenera­
lion network i$ highly selective. and at i t.! null point the 
normal gain of the amillifier is obtuint-d. At lower And 
higher frequencies, degeneration occurs, and the gain 

of the amplifier is Kreutly rednc"d. 

COOe Word 

ATTAR 
ATTAJIAOBAT 

Prite 

$260.00 
7 .10 



 

RADIO CO. VIBRAT I ON METER 

TYPE 761 -A VI8RA TION METER 

USES: With the T YI'E 761-A Vibration Meler 
mcasurcmcnlJi of the vibratory churactcriSLics 
of machines and structures call be made quickly 
and casily. The excellent low-freq uency re­
sponsc of tJlis instrument makes possible the 
measurements of vibrat ions at freq uencies as 
low as two cycles per second. T his permi ts the 
study of the opera t ion of belt dri ves und of tbe 
effec tiveness of mountings designed to reduce 
vibrations in adjacent structures. 

For the ma nufacturer of machinery a nd 
equ ipment, the TYPE 761-A Vibration l\l cLer 
is ext remely useful in research , design, and 
production test ing. Mai ntenance engineers wil l 
fiud the instrument useful for checking the 
operating condit ion of bearings. gcnr tra ins, alld 
other mcchanisms. Wi th th is instrumc nt cx· 
cessive vibrations d ue to improper adj ustment 
or design a nd to struc tural resonances ma)' be 
loca ted and measured. 

DESCRIPTION: T he T VI'/:: 761·A Vibration 
Mcter consists essen! iall )' of a vibral iOIl pickup, 
an adjustable att.enuutor, a n ampli fi cr, alld a 
d ircct·reading ind icating meter. The pick up is 
of the incrtia·operaled crystal type wh ich de· 
livers a voltage proportional to the acceleration 
of the vibratory mOl ion. An integrating net· 
work converts this output, when desired, to a 
voltage proportional to velocity or d ispl ace· 
ment. T he type of response is selccted by push· 
button switches. Thus the acceleration, velocity, 
and d isplacement or a vibrating bod y may be 
measured independentl y. 

Cali brat.ions arc made i ll terms of Nn·s 
valu es. T he basic units in which the inst rument 
is calibrated , in ches and seconds, are the 
simplest and least. confusing: of those commonly 
used. Accelera t ion is read d irccll y in terms of 
inches per second per second, velocity in micro-­
inches per second, and displacement in micro--
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VIBRATION METER 

inches. Calibralions nrc made 0 0 a motor­
driven precision vibrator, which produces essen­
tiAll y sinusoidal vibrations. 
FEATURES: Like the sound-level meter and 
sound ana lyzer this new vibra tion motol' is 
small , portable, self-contained, and extremely 
simple in operation. The instrument reads di­
rec tly the absolute value of t he quantity under 
measuremen t so lhat no reference to caiibl'at ion 
ligures is necessary. . 

The incl usion of three response charact.er­
istics-namely, acceleration , velocity, and dis­
placement- and the extension of the range 
down to 2 cycles pcr second wit.h substantiall y 
fl at response characteristics provide a degree of 
fl exibi lity hitherto unapproachcd in commer­
ciall y available vibration-measuri ng a pparatus. 
(Higld) Ow' r-all fre<lIlCnC)' (' hllr(u:: leris li C!! o f t hc vihr" lion 

mCler, i",; luding the vihralion piekul). 

I 
j 

-~ 

'""",b,,, ... O""-H".~. 

GENERAL 

i 
i 

SPECIFICATIONS 
RANGES: 
Vib"Uon Displacement: C,llibratcu dircct l~' in r' ''' '$ mic ro· 
inches from 16 micro-inches 10 30 inches. . 
Vibration Velocity: Calibra ted ui rc<;lly in f-m-s micro­
iuehe" per seeond from 160 micro-indu"s per second to 300 
inches I""r second. 
Vibrat ion Accelera tion: Calihru tecl dimetly in r_m-s inches 
pc r s~'<Xl lld per $Cooml fro", .160 inch I)(!r >SeCO nd per ::IC('(Ind 
to 3900 inches pe r sccolld per seoond. 

PICKUP UNIT: Thc vibration pickul) is of lhe inert ia­
opera tt..J cr)·stnl type, hO llsed in a CIIst aluminum COn­
ta iner. Th() ma:o:imum vibration (Iccclcn. l ion which can L>c 
imprt..;&ed upon thc pickull b<::forc nou-linearity occurs. is 
10 g or 3900 inches per 8<;oond per second. Point auu b,. ll 
ti llS and nn ii-inch exte ll sion rod ... ·e sUllplicU . 

RESPONSE CHARACTERISTICS: 
Acceler~tion Charactefi~tic : Thc ol'c r-a ll respon>le o f the 
l' ib rtHion Iliekull and vibra tioll meWr for acccJen. tion 
mensurement$ follows a thcorctical CUrl'C of acce lera tion 
'-s_ rrt'(lueuc~' within ± to 'll, f rom -I to 500 c~' c:lC$ pcr 
set:onu. lJ.clow ·1 c)'cles I)(!t st'<Xlnd the gcns ili Yity drops 
gradually. so that a t 2 cyelcs IWr se<::ouu it ;$ down ap­
prox imo lc:ly 25 %_ 
VelOcity Characteri5tic: The o'-cr-o l1 r.;'S ponse of thc vi­
brat ion pickup and "iuration mete r for veloci ly meaSure­
mcnts bc twCtl n t600 ", icro--i,,,;hcs I* r second auu 300 inches 
per seeond follows a th('orelicul curve of vd oc;ty \'$_ fre­
' Iucncy wit hin ± 10% fro'" ::; to 500 e),ck..s IICf second. 
Below 5 cycles p(':r 6CCOud the sens itivi ty d rops graduallv, 
$0 that al 2 cycles pcr seoond it is down approximately 
.10 %. For velocity lUeosurements below 1600 micro-inches 
per st"<:ond Ihc rCSllO n;se is within ± 15% fro llL 20 to 500 
c)-el l.''' pe r secoud. and drops olf approximately 25% at 10 
cyeles per 8econU. 
Displacement Charac.telistic: The o" er-all response of lhe 
vi lm .• tion pickull and vibra tion meter for uispbcemcnl 
measurcweuls bct" 'cen 160 micro-inchcs and 30 inches is 
fl" t wil hin ± I 0% fron' 10 10 500 eyck'$ per second. Helow 
:; eycles pc r second th" sensiti vi ty drop:! oIT, so tha t al 
2 cyeles per second it is uown a ppro:o:i rn"lc]y 50 % . For 
mcallurements helow 160 micro- inches tbe respon!\C is IIat 

T ype 

761-A 1 Vibration Meter . 
Repl~cement Battery for AboVl! _. . . . .. 
I>AT~:NT NOTICE. See NOlO 1. ""~O ~ i . 
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within ± IO% to 20 cycles IIE)r set'(>nd und drops o ff '-'11'­
IlrO,~ imalcl~ 25 % llt 10 eyclcs !ler second_ 

Higher Fre quencies: Above .;00 e~'e I C!l the error iner(!llse;s 
<lnd may pO$.~i bly reach ± 30 'J., a l. 1000 cycles. This is 
r.n uscd by l in) dilfcre,u:es in rcspon~e of i"di "idunl I,i o;kul';; 
ncu r resOrHlIl cc. 

Meter: Thc indic(l! ing rne ter has a sca le which re<l(l~ di­
r~-...: l ly in thc ' Iuun ti ly bdng mensured- r-m-s ,ui\:ro-inchcs 
for displacement. r_m_s mic ro-inch"s per sc<:olld fo r velocity, 
u"d r-m-S inches pcr second per second for uccelcrro tioll . 

Atlenu~tors: A 10-slcp a tteuuator is prov ided which 
ellllllges the meter ;;calc c;l li brat ion Over <l range (If 30.000 
to I. Addi liouu l mul tiplie f:! are provided which i"d ica te the 
correc t units of me...sure rncnt and mul tip lying fucto r" for 
each rCO! llOn!le char;,e teris l ic, 

Calibra tion: A calibrat ing circui t i$ Ilrovided in Ihe in_ 
s tru ment which. h ~' connection to an~' a-c ]IOWer line. w akes 
i t l)OSSible to chcck the o,-c r-a ll ca li bration of the " il>ral ion 
meter , e:o:el uding the vibrnl ion pieku p_ A seven-foot line 
con nt'Ctor cord is pl'Ol·idcd for th is PUrllO!!C. 

Telephones: " juck is pro..- idcd On Ihe panel for plugging 
in ~ p" ir of head telcphones in ordcr to li s tcn to the v i­
bra lions being measurcd, ror conneet iug the T"p~: 760-A 
Sound Anal)'zer, or for connecling u ca thode- ray oscillo­
graph. Pt'Je lica ll )' uny load illll)(!dance can be im pressed 
across lhi$ ou tput telcphone jack without 1llk-...:li ng the 
rcadi ng of the meter_ 

Tubes: Thr~~ IN5-GT Lubes and one I Di:I-GT tube a rc 
required. A complete sct of tu loes is supplied. 

Batteries: A s ingle-batte ry unit, Burgess type 6'1'A60. wl,;ch 
8uppli(J!! lbc necessnry pla te ,,,,,I fil amen t vo lt agc~. is 
included. 

Ca5e: The unit is buil t in to a shielded carrying ~8SC of 
aiqll(Jne-lugg" ge construc lion. oo,·ered wil li uur;.ble black 
wuteq)roof ",,,tcrial. and equi llllud wi th ehrominlU_II!(,ted 
corncr;; , C!a.'SllS. etc. 

Dimen~ions: The over-a ll d inoe" sions are uPllfo:o:iUlulely: 
(hcight) 12M i nch(:~:o: (length) 13M inches X (width) 9 J.-S; 
inehes. 

Net Weight: Approximntely 21 jlOunds with battery. 

C<>Je Word 

"IlIUS 

V""JS AI)8 AT 

Prict 

$260.00 
3.50 



 

RADIO CO. VIBRATION ANALYZER 

TYPE 762-B VIBRA nON ANAL VZER' 
USES: The Tn.:: 762-B Vibration Analyzer 
ma kes l)Ossible the analysis of vibralion phe­
nomena having fundamenta l frequencies as low 
as 2.5 cycles per second. I L is intended primm'il )' 
for U1w. wilh I h~ TYPE 761·A Vibration 1\l cler 
I)II L CU ll a lso be used with other pickup und 
a mplifier combinatiolls Lhal provide sufl icicll1, 
vollage La gi,'c useful deflect iow;, It can also be 
used for general harmoni c analysis of low a ud io­
unci su b-audible-frequency yoltages in the 
laboratory. 

T he frequency range covered (2.5 cycles 1.0 
750 cycles) includes practically all frequcltcics 
normall y cncountcl't~d in vibratiol1 s tudies, from 
the fundamental \' ibralioI15 of ships and other 

large struc tures to the unbalance \' ibrat ions o r 
high-speed centriruges. 

DESCRIPTION: This analyzer is similar ill all 
essentia l characteristics or perron nancc, con­
struction. operat ion. a nd appcanwce 1.0 the 
TVPE i60-A Sound Anal yzer (page 11 ) except 
that Lhc f['cquency has been I~wered by a rnc­
tor of 10 and provision iHls heen made foJ' op­
era t ion with broad selecti vity if desi red. The 
laLtc!' arrangemen t is pal' ticulill'ly useful in 
identifying componen ts ill Lhe I,wo lowesL frc­
q ucncy ranges (2.5 to 25 cycles pcr second) llnd 
in makin g analyses involving components that 
va ry slighl l ~' a bout n mcun frcquency. 

SPECIFICA liONS 
Frequency Range: 2.:> 10 7:>0 cycles. L'O"crcu ill r,"c rHngl'l! ranges (2::; 10 7::;0 cycle!!) ; on the Iwo lower rHnS'!" (2.5 10 
~~ follows: 2.:; 107.:>. 7.:> 10 2::;. 2510 75. 75 In 250. 2;;0 10 tr.O. 2:> cyelet) . the accur:, e)' .~ ±.j% or ±O.Z e~·cJe. whichc~er 
Band Widt!-l : For IhcshIHII lICl!!t: li"i ly l~ilioll . Ihcrd"ti~e is Ihe h,rger. The rrC([ oene)' Ull de le rmi nt'<i .... ilh Ihe IJro.1d 
"tlen\l~lion i~ III'proximalciy 30 '1, (3 db) "I ;, frC(lu~ne~' lIeloot i"il y nel .... o rk dpvialcs on the a"cr"Ke by less Ihfl,1I 
differ.,, !! h)' l ""b fro", Ih"t 10 ... ·hieh Ihe ""alp.f"r ' s luned . ± 2% from th;,l delermineu with Ihe shaq) seleclivity 
For Ihe hro.~01 selocli"il y 1)(Hilio". thtl n tl(> m,nlion hi 30 % network . 
for n f requene)' dilTerenee of ::; %. At one oct:W<l rrom the Frequtncy RClponle: The r~ l)()nsc of the Shl,rl) ;selectivit y 
1~lIk. Ihe relalive nUeuII"l iolls :,re 98 % (35 dh) lind 90% ne twork is nnl ... ·ilhi ll ± 2 dh ovcr the cnti.-e range. At 
( to oIb). r~p< .. 'C li, c ly. point" whcre two r;"'J.:L~ o,·crl"p. I hescn;;ili"il)' ,,~tbC"ll1"e 
frequenc y Calib.a ' ion: T he accuracy of fre<lu eney cnli],,,,,.. on eilher rlln llC withi" ± I oIb. '1 hcsc,,~iliv;t)' or the broad 
lion o f the sha rp lIClccl;";I)· network ill ± I %% or ± IM >l<!lecth' il)' net ... ·ork ;s Ihe smne as 11",1 of Ihe shll q ) iJe­

c~·d~'1I. whiche"cr i ~ the larllcr. over Ihe three highCII l 1 ~'¢1i" il }' nel ... ·ork 10 ... ·i\l,i" ±:! db. 
r or olher SllCCilicnlions see T\' ,·I': 760-,\ . II:'KC II . 

762-B Vibration AMlyur ........... . ............ . \ 

I ' ,\ T ENT i'lYrtCE: s,.,. No.(!>< I . 2,1 .. I'llI:<' ~i. 
. I ·h"'''~r;.,.h .hOlu ~"rlipr ",odd. ""1""1" >: 762·,\. 

COI/C Word 

AWA"I' 

Prju 

S275.00 
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D·C AMPLIFIER GENERAL 

The T,.,·r. 71 :>·AE Oirect-C"rr<:u L ,\mlllificr ... ·;Ih II :;.\10 II t'OOrdcr. 

TYPE 715-A DIRECT-CURRENT AMPLIFIER 

USES: T he TY E'I:: 715-A Di rect-Cu rrent. Ampli­
fi er is designed primaril y for use with the 
Esterline-A ngus 5-mi lliam perc recorder. T his 
com bi na tion of amplifier a nd recorder is capable 
of accuratel y recordi ng small doc volt.ages and 
currents. JI1 addition to its obvious use as a 
recording d-c milliammeter or milli vol tmeter, 
it has a number of applications in process COIl­

trol and in measuremen ts in ph ysical and 
chemical laboratories. 

Since the intro<:l U(:t ion of this am plifier. it has 
found application to a wide variety of industrial 
and research problems. It has bccllllscd for the 
recordi ng of f,'cquency and for record ing the 
modula tion le"el of broadcast. transmitters. 
Othcl' applications include the recording of the 
insu lat ion resistance of elec trical mach inery 
durin~ dchyd .'aLion, the mcasurement of the 
cmf of elcctro-chemical cclls, and the record ing 
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of sound and vibra tion intensities. The instru­
men t. Illay equa ll y well be used to opcmtc from 
photoelectric cells, resistance strai n gauges, re­
sistance thennomete.'s, and simila r dev ices, 

DESCRIPTION: Thc ampl ifier is a high ly stable 
a-c operated inst.rument, and gives full-scale 
outpu t. over a range of input voltages front 
0.1 volt. to 1.0 "olt., J\ leans are provided for 
selc<:ting input resistances bet.ween 100 ohms 
and] 0 megoh ms. 

The ci rcui t employs one t.ype 6F6-G and t.wo 
t.ype 6J7-G tubes for the ampli fiers in a de­
generative circuit arrangement. gi"ing high sta­
bilit.y of calibration, A bridge- type balanci ng 
network using a voltage regulator tu be provides 
for balancing out the stead y pl a te current. in 
t.he meter, so that. the meter indicates current 
change. Both fine and coarse zero adjustments 
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arc provided for seLling the meter for normal 
zero. The circuit is unaffected by changes in 
plate vol tage caused by normal variations in 
a-c supply voltage. 

J n the design of a direct-currcnL amplifier the 
most critical point. is the temperature of the 
cathode of the firs t amplifier. Ver y effec tive 
mcans have been pro\' jdcd for overcoming any 
variations in temperature of this cathode. A 
regulating transformer and a filament. ballas t. 
lamp are employed. T his system maintaill$ the 
heater vol tage conslnnl for line voltage changes 
from 100 to 130 voils. 

DoC AMPLIFIER 

FEATURES: Particular care has been taken in 
the design and cOllstruction of this new in­
strument to combine, with high gain and sim­
plici ty of opera tion, s ta bility of calibration with 
freedom from effects of ambient tempera ture 
and line voltage variat ions-features wh ich fo r 
so long preven ted the development of the d-c 
ampliJier as a commercial instrument. 

Operation from the a-c power line, convcnient 
size and mounti ng, a nd a wide range of input 
voltage and resis tance combinations make this 
amplifier a convcn ient and reliable adjunct to 
the graphic recorder. 

SPEC IFICATIONS 
Range : The inSlrumen ~ is I)rovided with four ca librllted 
' ''lllO'ClI, sel« tcd by mea llS o r II , witch. giv ing S milliuUJIJen. .. 
linear ou tput in the recorder ci rcuit o f 1000 oh lU $. for iUI)Ut 
voltllgea of 0.1,0.2,0.5, and 1.0 volt appli(.,.j a t the ill l}ut 
terminahl with either poluri t)'. The gaiu is be. l e)[ I>rt.'1ISC. ... 1 
3$ ;. lrnnsconduc tuncc; Ihe mu)[iUlUIll Yah'e i.I 50,000 
'nic romhos. 

Accuracy: At a calibrnted vol lmeter. Ihe uccurller of ehli ­
bralion is oppro)[illlotel)' 1% of fnll scllle, thil I<xurae)' 
being maintained over coiUliderable IJoe riods o r time. 

Input Circuit , 1'- lenrl$ nre pro,·idet.l for selec;ting (I llY one of 
a Ilumber o r iUpul .C.i.Itl IlCCli, >10 lha t the inSlru{ncnt not 
only J,,,,, "" ndju' la bla ; "I'''~ r"";stnn<>c. but .... n ""rva .,,' 
n cnlibruted millivo llmeter or micrOO Illll1eter. T ile ill llot 
resistnnee!! range in powera of 10 feQ'" ]00 ohms 10 10 
megohms. Short·ci rell it And 01>c n -cireu;11108i tio tl~ Qre nl!!O 
SUPI>lied Oil the IClce tor ~witeh. 

For thOl!C Il Pllliculioll* where n:!lal,ve value!! onl)' lire or 
'nterelll nlld where the voltuKe available cxCC(:d~ I ,·olt . 
one of Ihe switch poII' lion$ connects the '"pul lo a va.i" hlc 
gai" conlrol. 110 Ihut Ihe vollage applied 10 the li ,..t grid 
Call IJoe 8djll$ted to {I llY desired value. The inllo t r~t:lI\ee 
for this pOei tion is 150,000 ohms approxitnulely. 

Grid (urrent: T he grid current in the ill lJu t circui t i$ leM 
tha" .002 mieronm llCre. 

Output: The output circuit is deSigned to o llCrllte n 5-
mill iulIlllere meter mounted on Ihe IJUnel IlIHI nn external 
meier or device such nil the Esterl ine-Anguli 5' l1I illiu ll1llCi'e 
reoorder, .. lid i, prov ided with n mnnually udju$ted oom­
pen3nting .Cllis la nce. The oompc{\!ju ting .Cili$hlll\:e i~ :\d­
jus led to a llow fo. the rcsi ~tu IIC<l of the extern,, 1 device. 
".. Ib,, ~ t·lle i"3 t .",ncn~ ,,]wllYs w<>rks illlU " IIv ... " ,, 1 n .:_ 
si~ laJlCC of 1000 ohm •. Although the iustrOlllen t f"nc tioll~ 

l>erfec tly when 0 ller8 ting into rcsis tUllces from 0 10 2000 
ohms. il3 culibn tion i. affected sligh tly if the tol" l ;111 _ 
pcdanoe devi" tn 1113tctiaJl)' from the 1000-ohm vnllle. 

Temperature .nd H umidity Effects: Over tile mng" of room 
conditions nOfll{slly encountered (6:;· Fah~nheit to 9::; · 
F{lh~nheit: 0 10 9::;% rela li"e homidi ty), Ihe o lICra lion 
nnd slAbilil)' (Ire independent of "mbient condi lion •. 

Powef Supply: The instrumen t is inteuded fo. OllC rslion 
direc tl r from 105 to IZ5 Or 2]0 to 250 volts. 60 cyel<!ll. 
Oth~ r volt.ages o r other fre(IUeneiCli ~aJ\ be ~ ullpli cd Oil 
special order only. 

Power Inp ut: T he power d rnwn frow the 60-cycle mnin" 
is aP I)ro~imntc l y 35 watts. No ooueries of nny kind IIrtl 
emplo~·ed. 

71S-..... f 
71S·AM lin Ca" M eter Cue . . . 

In Wllnut Cabinet .. . 

PA T~:NT NOTICE. See Not. ], ~ ,·i. 

Vacuum Tubel: The lubell furnished wi t h the in.slru IlIent 
nre: two 1Y I>" 6Ji-G. OnC 6F6-G. one 6X5-G.one \' !l -105-30, 
one ,1,\ I . 
Mountin9; T he allll>Iifo"r i ~ ",ounted in a eMl II1 cl,,1 ~h lM! 
id"'ntic81 with that used UII t he Es te rline-'\ "gu~ r~ .... 'Or<ler, 
o. in waillu t cnbinet. u.s d~'rcd . 

A ccessofies Supplied: Seven-fOOl line conneclor cord . 
~ Il"re pi lollam,. ,,"cI r,,!!CII. lInd two Tv pF. Z; \ ·iI! I'luge. 
Dimen~on s; T V" H 715·AiI! . (height) I ::; 1.-:( x ("' idllo) 9 x 
(Ic" lftlo) &H ;nc!lC:II. over.,, )I ; T vl'y. :15_AI-:. (height) 15 s 
(" 'id th ) 8M x (length) 8~i illches. ovcr-nll . 
Net W.i9ht: With F.oIle rJille-Angll8 calle, Z5 ~: pouml$; ",·i .h 
.. ·.1,'" t ,,,.1,; .. ,,t. :!!.! '" I"''' "d •. 

T he T v,'!': 71::;-,\1'-1 DifL...,l_C"trent A"'I)lil;.-.r. 

Priu 

U{ SCO)<T' "Ut:u 
.\1.0 .... I 5225.00 
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VARIAC GENERAL 

VARIAC' 

VA BBes in II t h"a le r ligh t ing oonlro ll"' ''''' at 
Allegheny Wleec. 

USES: The \ 'AI1.1A C is a voltage control tha l 
finds applications in shop and laboratory 
wherever u-c voltage must be adjusted smoothl y 
and continuously. Thousa nds ore in lise for 
1110101' speed conl rol; for' twal conI rol on electric 
ove ns und furnaces; for illumination control in 
uud itoriums, pholognlph ic s tudios, a nd dark­
rooms; as voltage conlrols in la bora tor y testir!g 
and research ; ami as out put \'oila/:.'C controls III 
t ra nsformer-rcci iricr systems. 

,\ lthough designed pl'imoril y for lISC a l. ordi­
nury power frequencies, VAH IACS arc equall y 
useful as voltage con trols in power circui ts 
ope rat ing at higher fre<plcncics. 
"1\" ... tJ. S. 1' .. 1. on""" 
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In the testing aod caJibra lion of "oltrneters, 
ammeters, wattmeters, and power-factor meters, 
the VAH IAC is a convc nient sout'ce of ad­
justable voltage, and , by using com binations 
of VAHIA CS, th e phase of the tes t voltage can 
be varied, as well as the ampli tude. 

Two and three-gang assemhlies of VAIl Jt\CS 
arc a,'ai lahle for usc on three-phase systems. 
Wilh the largest. uni ts, volt-ampe re loads up 
to 17.5 kva can be controlled in tlds way. Al­
though VA LUt\CS arc built for 11 5 and 230-
volt. service, they can be uscd on circuits of 
Iligher or lower vol tage in conjunction with 
fixed-ratio a uxiliary transformcrs and auto­
transfot'lIlers. 

DESCRIPTION: The VA IlI AC is a continuously 
variable autotransformer suppl ying a n output. 
voltage from 7.ero La abote line voltage. It. con­
sists of a single-la yer winding on a toroidal iron 
core. As the dial is rotated a carbon-brush con­
tact. travcrses the winding, " tapping off" a 
portion of tile tolal voltage across the winding. 
T ile brush is always in contact. wit.1I the winding, 
and the voltoge between !'u rns is always Jess 
than 1 vallo, even in the largest models, whil e 
in the smallest model it. is on ly nbout. 0.2 vol t. 
The actual incremen ts of voll ab'C obtained as 
I he dial is !'umed are always less than t he "olt­
age between t urns, the action of the carbon 
brush being such that the change in voltage is 
practica ll y continUOliS. The resistance of the 
llCllSh is so chosen that no excessi ve heating can 
oceur in the shorL-circuited tum. 

FEATURES: Compared to resis t ive methods of 
vol loge control, the VA IHAC hns the ad van­
tages of high effi ciency, smoot h cont rol, good 
voltage regulation, and com parat ively small 
sim . Because the OUlpul voltage is essent ially 
independent of load , a linear variation of 
voltage is obtai ned. VAH IACS also furnish 
outpu t voltages above line voltage, making it 
possible to compensate fo r under-voltage lines. 

FtltlCI'u .. ,,1 <l i" l: r"'lI or t he \'\ 111 \C, 

L INE 

LOAD 



 

RADIO CO. VARIA C 

St"mIM"'i ~ing mete,.. .. -ilh the Did of V,\ n lACS ill the Inboratory of II I)ublie utility OOIl1 I"~UY. 

GENERAL SPECIFICATIONS 

Models r""ili"g in CII l"'ci t )" from 170 VII to 7 k~8 arC 
liltl-d on the next p.'\gt. S~eifiCl.llioll:j ore for 50 tu 6O"'yde 
ICrv;c.:. 

Riled Current a m be dra wn fro'" the VAil lAC u1 "ny 
dinl 1105,1'00 . It is limited by heallO>llJ in t ilt! ,,·jndi ug. 

Max imum Cumtnt can be dra"'" a t low volta¥e. or lit 
Yoltoge~ ncar the input v()llage. It i,. limi t .. '\! by l<WIes in 
the curbutl brush C urrent.< til) to 150% of this ,'"I ue CD " 
be \lrll"'ll for brief pt'riods .... ithou t d l.pmge 10 the VA li lAC. 

Input Velte'3e ;of the YQIUJ,ge that ,bould be a pplied t o;> the 
invut terminals to 'nuke the d ial <:a librDtion correct. All 
230-\'011 VAJl IACS have <:toter-WI" fOr use on li S-volt 
linea. When so used . the rate.:! eurrent is red uced by II factor 
of Z, U"lI. the rc,ulat ion is toot Il ll ite .. ,oolI Il$ with .. 
Z30-vo1L input , 

O utput Volta,c i ~ the rauge of vol tnlCe !lvn ilul,le nt the 
o utput terminal", with ruled voltage "pplie" 10 the inrmt 
terminn ls.. 

La id Rlting il lhe m~)rimum output curreut multil)lied by 
iU I)Ut ,"oll.'lge. A VA RI AC can haudle. at auy lower scluog, 
a OIInltunt il)lpedllu~ load whieb dra." III ioput vol tage a 
eurr~"t no greater thlln the " maximum eun-ent.·· 

TcmptratulII!~ Ri s t ~ T he ratings of V:\nIACS ure based on 
a IC"' IX"Tlllu re rillC of 50· Oontigrnde. or ICIIII. (It 60 c~·clCII. 

No LOld LoIS is ",e,,~u rcd nt 60 c)'de;! with rll ted inr11l t 
,"o!t"S'" T he " olu,,", quoted in the t .. ule ore the guutll ntooci 
"':>x;"':>, 
Dri",in, T orqut is the torque rNtuired to turn the \' ,\ It l AC 
'haft. 
Terminals: T~ r' t; 200-8 ""d Tv,'Yo 100 rn n Ich life equipped 
" 'itll thrcuded lI'rmi",,1 " tu lls nlld soldering lup. T",I' ~ 
200·CO (lnd T YI' ~ Zoo·CU Ii h;o,"c :IOlitcrin8 lug8 on l ~. 
T"" f; 50 UII;t~ hn>"c at>l,.-c:nl ~e lr- l C)(;k ;ng t c rr"in n l ~ I",d 
r)ro>" i~ ioll for a llnehing HX QJ bl ~. 

Panel Thickne l$ i~ th" nll.x i,nulU th i" kueN! of IIP"d on 
which the V,\Il IAC c:n n be "'ounted. " 'ith the IIhaft 
8(1 1)llliL,<I. 

D i.l , A fe>"(:1"$i ble diu I. direct ~ading in output >"011.38(:. i3 
IlrO",ided on "II morlr ls. One lide of the dia l il ,,~ wheo 
the VAIH AC is tonnected to give a "'"lion"," output 
voltage (:(Iua l to the line voltage; the o the r side is UKd 
when the over-volt,,/;') e<Jllncetion of the VA H 1,\ C i, used. 
The LOt,, 1 "ngl<:: of ro t.u lion of Ihe dinl i~ "hout 320·. 
Mount in,: ,\ It rnod..-b. e:ccept the T ",PI'3 ZOO-H. ZOO-CU. 
and Zoo·CUI [ a rc pro"idcd wilh a perfor"ted m(:ta l houaing. 
V,\ IHA CS ;ore shill iled ~"dy for table mountill!!' but co n 
ea.t:il~ be oon" erted for m.ek-of-panel mounting. 
D imtniions: O,-(:r.,, 11 I~i g ht for table mountin" lind Ileplh 
bolhinol pnnd for IWH1c1 rllotlnting arc l-'i>"(:11 in th" ta ble on 
l)Ilge 20 Co"'ple te dir" " " sion"l , kc tche>l Cun be ru rni$hed 
OIL re(l "es l. 

FREQUENCY AND VOLTAGE RATINGS 

The voltage and power f'atin~ of all VA­
BIAeS are based on a 50°C. maxlinum temper­
at.ure rise for 60-cycle operation. At .50 cycles 
the tem pera ture rise may exceed the above 
value slightly, but. the VAHJA CS can safely be 
operated at. full vollage and current ratings, a 

For opera tion at 25 cycles the VAIl.IAC should 
be operated at half rated Yol ta.gc or cxcessi\'!: 

heating will result.. Th us the TYPE 200-Cll, 
100-H, and 50-13 \'A RJ ACS can be used on 
US-volt, 25-cycle supply li nes. 

AL rrequencies above 60 cycles all VA HIACS 
can be used at full I'aled currenl and voltagc. 
No-load losses will be reduced com pared to the 
60-cyele values, but regula lion will be poorer 
because of the increased leakage reaclance. 

· The oy._.,.oIta~ te&ture 01 tbe TyPO< 200-11 Mould DOt be ....... at so ey~ 
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VARIACS 
Type 200-8 I 200-CUH 200-CMH I 200·CU I 200·CM 100-0 

Lood Holing (va.) .. . . . . .. . . .. . . ....... 170 580' 580 ' I 860 860 :1:000 

230 230 

I 
In pu t Vol t.ag(l .. .. , .... .... ... 115 o. o. 11 5 115 ll> 

115 115 

Outp u t Voi18ge (Zero lO --) .. .. ... . 
135 270 270 135 135 135 
11 5 230 230 115 11 5 115 

- , 

Rated C urren t (Am~. ) . . .. , . .. . . .. . • . 1 2' 2' 5 5 18 

M aximu m Current (Am p$.) ... . , ... 1.5 2.5 2.5 ' .5 '.5 18 

No-Load Loss (Wat tt) 60", . .. 3 10 10 10 10 20 

Depth Behind Panel ( Im::hes) .... .. 3 ." .. '" , 
Over-a ll Height for Tub!e l\Iounting .. • s,{ 5:14 5:14 '" 9 

Ma :rimum Panel T hk k,,_ (Tnehee) •.. _ )( " .. " .. .. 
Net Weight (Lb3.) .... .. .... " .. - 21< 8)( 81< 81< 9 )( 30 y.( 

Driv ing T()rq ue (Inch-Ounces) . 2()-40 , 30-50 .. , 50-70 

Code Word .. . . .......... . . .... . "' ... ...., ... I!IA C O K 

I D"'""": BA KE R OAL)!'\' BI!.,\."V 

I Price .. .. . . . . .... .. $10.00 $18.50 $21 .50 $1.4.50 $17.50 $40.00 
---- - - -

· For l I S vo llil applied AcrOOOl ha lF tl,e willdi"g, ~h c rft~in .. i. redu cod to o'lIl-haiF the vuue . h<>wn. 

, OO-R I SO-A I 50-8 

2000' 5000 7000 ' 

230 230 
o. 11 5 0' 
115 11 5 

270 135 270 
230 11 5 230 

9' " 20' 

9 4S 31 

25 60 75 , 
'" '" 9 10" 10 " .. '" I" 

29 :14 as 81 

• -<-- 250- 500 ----+ 
lIEAI\ O TOI~N T O PAt 

$40.00 $100.00 $1 00.00 

I'ATENT NOT ICR g.,., Not.<! 11 , 1' ''1f') vi. 

GI 
m 
Z 
m ,. 
l> 
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RAD I O CO, 

The photog,. ph, on these p.ges 
.re .pproxim.tely in propor. 
tion to the .dual sins of the 
VARIACS with the exception 
of th.1 of the Type 50, which 
is shown rel.tively somewh.t 
smiller. Dimension skoztches of 
, II VARIACS are available on 

request. 

T\'I'I'. 50 V:\IIIAC. 

Tnt; ]OO \'AnIAC. 

VARIAC 

MULTIPLE OPERATION OF V ARIACS 

T wo and three-gang VA HI AC asscm blies 
urc available for controlling several circuits 
from n single dial , or for controlling 3-phasc 
circuits in the same manner t hat one VA HIA C 
controls a single-phase circu it . 

I II polyphase ci rcuits a large variety of input 
ami ou tput voltage combinations is possible. 
The Y 311(1 opc rH lclla conneclions listed on the 
next page a rc most. freq uently used , al though 
the closed-del ta /lnd occasional appl ica tion. It 
should be noled thallhe assemblies arc shi pped 
willi slandawl t.errnillal plates on each VA n lAC. 
I LClioo the usc of any of the asscmblics listed 
on the next. page is nollim iled to the circuit 
cOllneclions sugges ted. 

Parallel operation of TYPES 100 and 200 is 
not rceomnwnded, as it is generally morc ceo­
nOlllic~ 1 to use the nexl larger size VAIUA C if 
more capacity is desired for a givcn application. 
For parallel ol>cration of the TYPE 50 VARIACS 
the TYPe 50·1'1 Current.-Equalizing Choke is 
avai lable. 

Sevcral combinations for tbree-phase opera­
tioll are listed in the table on the next page. 
Th('sc arc representa tivc of the lnany possible 
lIseful com binations and the ra ti ngs given are 
conscrva ti,'e. 
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(kjll ,\ Wye-eo""'~ ' h .. l Ihree_l)h"i!C 
urr.ongcUlcn l o f V A n I,\es. 

(lligM) ,\ thn»-ph"'l(! nrNlngcmc lI 1 of 
VA IH ACS jn the open-dd ll! ci~\li t. 

I 

_ ___ -;; ___________ _ Oulpul ______ __________ _ 

Kro 
Th~~e-PIl(J.u A I / llpu/ Al Muximum UII~ Current in A mputl T hru-Phau TYI~ of 

A bI J " I ' ll I ' ll I ' ll Rled \I " /" I' ll Alit (> "fit o Me , " 0< " 
, a.l;I1Iwm , me (> uge ~8t1tl , ,rrUt 

230 
230 
230 
230 

'" no 
460 
460 
460 

200-CUG2 
200-CUG3 
200-CU HG2 
200·CUHG3 
100·QG2 
100-QG3 
1oo.RG2 
100· RG3 

50-AG2 
50.AG3 
50·8G2 
50·8G3 
50·Pl 

'" 
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I.' 0.94 2.0 2.5 0- 270 ZOO· CUIIr.Z 
3.' 3.0 5.' 7.5 0-230 ZOo-CUG.'! 
3.6 4.2 9.' 9.' 0-270 too- II GZ - , L _ 7.' 15 18 0- 270 IOO-QG3 
18 17.5 37.5 45 0--270 50-;\(;3 

12.5 9.4 20 31 0-270 50-HG2 , , ,., 2.5 1H60 zoo·cunGl - , L_ :,2 9 9 0-460 100·He;1 

'" -, 25 20 31 0-460 50-BGl 

VARIAC ASSEMBLIES 

Dcn ripfion 

Z .. Gnllll 2OO-CU . 
3·Gnng ZOO·CU .• . 
2-Gnllg 200-CUH . 
3-Gang 200-CU II . 
2-0"" K 100-Q . . .. 
3·01l1l1l100·Q . . .. 
2·GIIIIg loo-R . . 
l·Gang IOO-R . 
;!·Oang 50-:\ . 
3·0ung 50·,\ . 
2·G" ng 50-1l . 
3· G,-,ng SO-B . 
Choke, . 

Net II'tighl 
ill Prn",dl 

17Y. 
26V. 
17M 
2S~ 

60 ,. 
" "" 180 

265 
175 
256 

IJi 

Pri« 

II "" P.HO~ NOU $36.50 
IIAII K llG ANTY 56.00 
OA CUlm A:-"O U 44.50 
n ACU lmANT'i 68.00 
nv. A)' 'iCANIlU 85 .00 
BV.AM'iCANT'i 130.00 
nEAR OOAN I) U 85 .00 
IH! ArU>C ANT V 130.00 
, 'OKV.NCANDU 225.00 
TO KHNC ...... TY 335 .00 
Tor' AZOA NIl U 225.00 
To r'A ~OAN·rv 335.00 
I'A nA LI.I;lJOK 7.50 

( nigh{) Vic,,' of T"l't: loo· HG2 Varioe Assembly. 

PARALLEL OPERATION 

Op(~"·Dcll ,, 
W~'<l 

Opc II -Dc! ln 
W)C 

\V"f' 
Opcn.ixltn 

W)'e 
"'yO! 
W ye 

The TYPE 50-PI Choke is available for parallel operation of 
Lwo Tyrol': 50 VAlUA CS. Connections for Illis choke arc shown 
in the sketch. The choke serves to equali ze the curren!.s from t.he 
Lwo VAHI ACS and al so to limi t Lhc flow of circu lat ing currellts. 
The usc of a choke with smaller s izes of VARIACS is liOl recom­
mended , because beller results can be obtained by using a single 
larger un it. 
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RESISTORS GENERAL 

TYPE 602 DECADE-RESISTANCE BOX 

USES: Accurate resistan ce boxes are extremely 
valuable wherever electrica l measuremen ts are 
made. Such boxes arc constan tl y used in cir­
cuits where a wide range of resistance values 
is required or where variable dummy generator 
and load resistances arc fleeded. The accuracy 
of TYPE 602 Decade-Resistance Boxes also 
permits them to be used as laboratory standards 
and as ratio arms for direct- and alternati ng­
current bridges. 

Although designed primaril y for di rect­
current amI audio-freq uency work, t hey are 
useful weJl into the radio-frequcllcy rallge for 
many appiica t ioJ1s. 

DESCRIPTION: The TYI'E 602 Decade-Resist­
ance Box is an assembl y of two or llI orc 
T YPE 510 Decade-Resistance Uni ts in a single 
cabinet. l\icchaIJica\ and electrical protection 
of the units is provided by the shielded walnut 
cabinet and aluminum panel, which completely 
enclose hoth the resistance units and switch 
contacts. The resistallce elemcnts have no 
electrical conncc tion to the shield , which is 
brought. out. to a separate terminal connected 
to the panel. 

Two-, thrco-. fOllT-, and five-dial decade 
assemblies arc available. Each decade has 
eleven contact studs and ten resistance units. 
so that tbe dials overlap. A positive detent 

!4 

mechanism assists in setting squarely on the 
contacts and so perm its adjustmen ts to be 
made without looking at tbe dials. 

FEATURES; By careful mechanical design 
the zero resistance of t he T YPE: 602 Decade­
n esistance Boxes bas been kept below 0.003 
ohm per decade. In applications where a mini­
mum zero resistance is desired, t.his feature is 
very val uable. On the other hand, t.bere are 
many types of measurement, such as substi­
t ution measurements, in which the difference 
between two seLLings of a resistance box is t be 
significant "alue. This difference is given cor­
rccLl y only when the ind ivid ual resis tors have 
been adjusled independen tly of switch and 
wiring resistance. Accordingl y. lhe resislance 
uuits in the T YPE 602 Decade-Hesisla nce Boxes 
are adjusted to have t heir specified values aL 
their own lerminals, rather than at the tenni~ 
nals of the box. 

All resistors except. the 10,000-ohl11 cards 
are wou nd with manganin wire; eODsequeutly 
no difficulty due to thermal emf is encountered 
in di rect-current measuremellts, except ... "hell 
using the high-resistance decades of Lhe 
TYPES 602-i\1. and 602-1.. Wi th these decades, 
some attent.ion should be given to tem perature 
differences, if maximum accuracy is desired. 

At radio frequencies, the residual induclances 



 

RADIO CO. 

and capacitances cause the effective series re­
sistance a t. the termi nals to depart from the 
low-frequency value.* In addi t.ion, the react­
ance component, ,,;hich is negligible at audio 
frequencies, may become significant. The 100-, 
10-, and l-ohm-pcr-step decades of the T YPE 
602 Decade-Resistance Boxes are Lbe most 

-See "ltpdio F'«<Iuency Charftc;leristi(8 of De<:a~ R""iston," 
C<!n ..... bl Radio E~pq;,,"-"Ic~. Vol. XV, No.6. 

RESISTORS 

satisfactory for use at high frequencies. In 00 

case, however, is t.he frequency crfor serious 
below 50 kc. T he magni tudes of t he residual 
impedances afC given in the specifications 
below. 

The maximum allowable current for each 
decade, based on a 400 Centigrade temperature 
risco is engraved just above each decade switch 
knob. 

SPECIFICA nONS 
Freq uency Ch' r.cteri , tic,: · A Tnt: 602 l)ecnde·Resistance 
Dolt. can be represented quile e10sely by the equivrueut 
cin:uit. below, which rCllrC5en t.5 OUC decad~ of 0. box, wi th 
I I~ remnining decades lle l to ~ero. no and Lo a re the xero 
reJIisum ce and ;nducwnce of tbe 00:0;. tlue to the wiring 
and lI .... itches. Theile va lues are propor tional to the IIUUlber 
of decades in the box. ilL is the inductance ahOeiuted wilh 
ellch inc remen t of tes iil to. uce, 1lR. The e lfee ti ve ClI llllcitance 
C depend~. in genertl l. upon the d iu l $etling, the var iation 
being npproximnleiy lintur with se tting ( lhe higher value 
i, for the 10wc6IlIelting) . The values of the constants lire 
t.bulated below : 

L. ., O.IO ... h per dial 
Ro (d ·c) - .002 to .003 ohm per dia l 
Ro ( I Me) _ 0.0·1 ohm per dial; proportiona.l to t hc 

square root of frequency (It n il frequencies 
noove 100 kc. 

T,IX . f - f - lO- 100- '/000- 'fO.OOO 
of Ohm Ohm Ohm Ohm Ohm -Ohm 

Df,,,de Step S", Step S", Sfep Step 

4R 
inohl1l'; 0. 1 1.0 10 100 1000 10,000 

4L 
( ... h) .014 .05 0.11 0.29 3.3 9.5 

ct 
(;.tJif) 27 26-23 21-13 

Zero Resist.nce : The direct-currenl xero ~bta."ee of t he 
various OOXCli depend. on the number of dia ls. all follows: 

No. of Diou 

2 
3 

• 5 

Zero U~fi"tlllr:t 

0.00-1-0.006 ohm 
0.006-0.009 ohm 
0.008-0.012 O/IUJ 

0.0 10- 0.0 15 ohm 

T emper. tuu: Coefficient: Less than ± 0.002 % per degree 
Ceotilfrude u~ «>O UI tcm pera tures. except for thc o. l n 
dccede . ... ·here tbe I>ox wiring will a ITcc;t thc over-all leln­
J'ltllltu re COl'fficit!nt. 

"Sea " Radio F~utaC1 Char9cterilltict of o..:.de Rc.i:stafW." 
G~.....,.l !\Ildio E"P<'~in~,tk~, Vol. XV. Nu. 6. 

tTho yalue of lhe upo.citanC(] 1J"'lIlin~ Q 8i",lo de·",,,lo in a bo:r 
ilcl'end. upon II,~ I"""tion o f H't d"""de in tho b.u. ". well as on 
the re.o.i.t.&noo of t he doeade. The Ya.!uw /li ven h~ro pm f .... n 'I'vp>: 
602·G and m31 be tlIk~n ... rcpr<lI'!nt.Mivt. 

If .everal deeadOl of II hox 0 .... in circuit 9t tho ...,"'" ti ...... the 
inC"," iental induclan.- of IIII! ..e ,.erol decade. "",y be ".wed 
directly. and the C9P1'citanOll mny be taken to boo a))Joro.i mMe ty 
tha i of t he highc.l dCQI".Iu i n ullt. 

602·D 
602-E 
602·F 
602·G 
602·K 
602·J 
602_N 
602-M 
602·L 

11 o hm" to tll , in slep ' o f 0.1 
110 ohms, lo tll , in slep, of 1 
111 ohms, tole l, in steps of 0.1 

1110 ohms, lo ta l, in , !ep ' of 1 
1111 ohms, to"" , in ,tep ' of 0.1 

11 ,110 ohms, to"" , in steps of 1 
11 ,111 ohms, totel , in sleps of 0.1 

111 ,1 10 ohms, lotal , in step, o f 1 
111 ,100 ohms, Iota I, in ' Ieps of 10 

ohm 
ohm 
ohm 
ohm 
ohm 
ohm 
ohm 
ohm 
ohms 

Type of Winding: See specifieatioIlll for Tnt: 5 10 D~eade­
Resistance Units. page 26. 

A.ccuracy of Adjustment: All <:3rds are adjU5tccl within 
0.1 % of tbe s ta ted va lue between card tenuinals. excepl 
tile l -ohm cards which nre adjus ted within 0.2:;% and the 
O.I-ohm units which nrc adjusled withiu 1 %. 
M .. imum CUffenl: See specifica tiOns for Typ", 510 Decade­
ReaistDnee Uni ts , puge 26. VAlues for >1 0· Cclltigra <J e rise 
are cngra ved Oil pollels direc tly above ~witeh knohs. 
Switche" Quadruple·ltaf. phosphor-hronze switches bear 
0 11 contact s tuds ~ inch in dia lne ter. Swi tch hrushet a re 
bent so as no t to be wlllent to the arc of travel . thUll 
avoiding culling. A <:::l lll · type detent is prov i<J ed. There are 
eleven COnw ct poin~ (0 to 10 inclusi,·e). 
Te:rmin.ll: Jack· top binding IIOlIUi se t Oil G(!neral n adio 
8tund/lm U·inch lIlIlIcing for rc,i~ tunce conncetions. Therc 
i~ on e~trn poIIt a t the corner of the lIuncl for connect ion' 
to the , hicld. 
M ount in,: A copper-lined wal nut cabinet. with f11t/millutll 
panel. completely enc1O$C11 . witehes a nd rellis ta nce unib. 
The panel fillish is black emckle lacquer. 

Oimcn, ion': Panel length d(!pcn<is on the lIuml.er of dials 
(!ICe price Ii$t), l.eing 7U for 2·di .. 1, lO :Mj fo r 3 ·dia l. 13 for 
<l-dia l. and 15 % inchCII for 5·<Jial boxell. Ponel width, 
5 inehe~. Oyer-a ll beiJ;ht. ::. inches. 

Nel W eight: il J.{ for 2-diul, >I J.{ for 3·dial . 5 for 'I-dia l. and 
6 Y.( llOunds for ::'.(li~l boxes. 

No. of '/ jpe 510 
1>;1,1, IHwtln ( ',HI , A.B u£(:o ... S25.00 

2 ". C DI SCO' Tl NU1(\) 
3 A. U. C 1) ~;t.TA 35.00 
3 n, C. I) m CIT 35 .00 
4 A.B.C. I) DEI't.:n 45.00 
4 n. C. D. E DEIHT 50.00 
5 A.B,C, n.F. D E)ION 62.00 
5 B. C. I) , 1-:. I- D~;).uT 70.00 
4 C.D.E.F m :cAV 58.00 
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RESISTORS GENERA L 

TYPE 510 DECADE-RESISTANCE UNIT 

USES: Because of thcir precision, compactness, 
and sturd y construction the Type 510 Decade· 
Resistance UnilS arc ideal for assembly into 
specia l test. equipment., bridges, and other 
experimental or permanent. equipmen t.. They 
urc particula rl y useful in appl ications where 
only a single decade is desired, or where a 
TYPE 602 Decade Box cannot. be mounted 
convenientl y. In m all)' cases the usc of these 
units wi\l mnke available for general l abora~ 
tory work relatively more expensive decade­
resistance boxes, otherwise tied liP for long 
periods of lime in experimental equipment.. 

DESCRIPTION : The 1-, 10-, and IOO-ohm 
steps arc Ayrton- Pcrry wound of manganin 
wire 0 11 molded bakeli te fo rms,especially shaped 
and heat trea ted to minimize agingeffeels. The 
O.l-olul1 steps are bifilar wound of manganin 
ribbon, wh ile the 1000 and 10,000-ohm steps 
are unifilar wOll lld on mica cards, the former 
of Illnng-an in wire a nd t he laUCI' of l){h' ance 
wirc. The I OO,OOO-ohl11 sleps are wound in pies 
of advance wire. 

Each decadc is enclosed in an aluminum 
shield, and a knob and etched-metal dial plate 
are supplied. T he mechanical assembl y is also 
available com plete with sh ield , blank dial plate, 
switch stops, and knob, but without resistors, 
as the TYPE 510-1'3 Switch. 

FEATURES: Each resistor is aged at a tcmper­
ature of U5° Centigrade before be ing assembled 
into the units, The couSi ruclion is such that fre­
quency crrors are ncgligiblc below 50 kilocycles. 
Complete iuformation is given in the specifl­
ca lions under "Frequency Characteristics." 

AU resistors havc a temperature coefficien t 
of resistance of less than ± O.002% per dcgree 
Centigrade a t room temperatures. Mangallio 
wire is uscd in a ll decades except the T YPES 
510-1' and 5JO-G. Since the thermal emf's 
generated at a manganin·coppcr junction are 
vcry small, no di fficulties arise in low-voltage 
direct-currcnt measurements when these boxes 
arc used. The 10,000-ohm and 100,OOO-oilm 
cards arc not wOlllld with manganin. and care 
should be taken in low-voltage direct-currcnt 
work to see that temperature differences are 
kept at a minimu m. 

SPECIFICATIONS 

Accuracy of AdjU$tmcnt; BC$is tonJ (1(0 (ldj u.'Ilcu 10 be 
",-,curnte a ~ card lcrmi " ols within the tolc runces given in 
Table I on ncxt 11Ill,'t!. 

Maximum Currtnt: Sec T :lhle r on uext rmge. 

Typ~ of Winding: s.c... T llble I on ncxt IWl!;e. 

Flcqucncy Chllac:tcri$lics: In Tohle II ill lisled the nuu.i­
mum percentage chongc in c lTl.'C ti.-cl serie!! lCtiis tance of 
coch decode n~ 0 func tion of frcqnencr. For Ihe TVI'I'.1I 

510-A aud 510-U the crror i~ duc ullllOlit entirely to skin 
effec t and i~ independent of switch !le u in/{. For the TYp~; 
510-C the error ehu ngC5 slo""h · with d in 1 !le tting " ud is II 
m(lx imum ht maximuUl n;s;st ;:ance Wiling. For the TYI'~ 
510_ D (100-0111" s lep dcende) n broad m!l~irnuru occurs at 
the 600-ohm !!Citing. while for ult the higher rC!lis tunee 
""ils. the pO$i lion o f mll~imum frequ enc)' e rror is at Ihe 
mA~irnu Ul r(l3il ta nee selling. For these latter deelldCli 
(T YP t;S 510-f: and -n the error i$ due a lmO$t cnlirel )" to 
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shunt CII{wl(:il(l noo lind is UPI)roxiuu, tci)· propor tional to 
Ihe 8(IU nl"(l of the rt'$is lnnce selling. 

T he reac tmlC(! a t '"' )' freq ucney ami &C tting " UI)· be 
de termined quite n(:(:urntci)· from the t'(luivalent circuit 
shown on page 2 .• for the T .... ·!:: 602 l)ees,de-llC$ishmcc 
Box. Thc valu~ of the l.'On!tnnlif . as delermi ned b)" high­
frt'quene)· bridge meflftun:menlif, are listed ;n Ta ble il L 

The high_resis tance deend C!l (Tl"PI'..8 S IO_ F and S10-G) 
IIrc ver)· CQmmonly IIscd us parallel l"Cllishmcc e lemenu in 
rneusureUleot cireuitll. an.1 100 the error dne lO the shunt 
cn tmei t .. nce of thQ d c(:u{l~ con frequently be ciiln inaled. 
Tho.: rcnminiu j; pnra llel rc~ i~tall r.e ch,,"sc$ br only n fruc tion 
of the AllIount indica ted in T Able " as the scriea I"eljislnllce 
ch~",gc. This f{le~ is purt ieularly impOrtAnt with reference 
to the T," I'I~ 5 10-G which has IOO.OOO-ohm steps. At lOa ~i­
mum lICtt ing th is unit hM n - I % chouse ill series l"ClIis lnnce 
at l kiloc)·cle. but i13 parallel resistance is changed b)" only 
- I % {I t 1 0 k.ilocycl~. 



 

RA DIO CO. RESISTORS 

TABLE T 

1I1azimwn Current 
Mazimum POlUr 

pu lIe, illor ,. 
,,~ 

"" '" ~ CCllr!!C:- YP' , " " "lg T if W ' I' 20' C I/" "' , 
'" "0' C W 

SIO-A 0. 1 n ± 1.0% Billlor 1 , 1.6 a 
510-8 I n ± O.25% Ayrtou_Perry 550 m. 800 m. 
510-C 10 n ±O.I% Ayrtoo-Pert)' 170 m. 250 m. 
SIO·D 100 n ±O. I % A)'Tlon-Pcrry 55 m. 80 m. 
510-E 1000 n ± O.I % Unifilar on i\lieli 

" 
m. 23 "m 

SIO-1-' 10.000 n ±O. I% Uuifilof on " lica 5 m. 7 111 0. 
510-G , 100,000 n ±O.I% Pies 1.5 mu 2.5 ma 

TABLE 11 
l\Iax;nmm Pe rcentage C hnngc in Series l\esist(lrlCC a~ a Functio n o f Frequency 

O. I-(>h ... ftCl15 
I.O-ohw .tep~ 
IO-ohm steps 

lOO-ohm steps 
toOO-<lhm s tcps 

10,000-011111 slept 

so Icc 

_2 % 

100 lie 

-0. ] % 
-11 0/, 

f'rtquellcy in Icc 
20() Icc SfJ() Itc 1000 k~ 2000 kt 

0.1% 0.8% 
0.1% 0.5 % 1.5 % 

0.1 % 0.2% 
0.1% 0.2 % 

-{l.3 % - 1.5% -6.5% 

TABLE IJ( 

Val ue of Constants for the Equivnknt Circuit or II TTPB 510 Decade-Ile.i.s t:mce Unit 
(See diagram on page :!:;) 

on o f. L. 
Type of Duadtl Olmll .h . h 

;;10·'\ 0. [ 0.0 14 0.0:!3 
;;10·8 1.0 0.0:;6 0.023 
510·C 10.0 0.11 0.023 
510· 0 [00 0.29 0.023 
;; IO·E lOOO 3.3 0.023 
510·)0' 10.000 9.5 0.023 
SIO·G 100,000 0.023 

, .. 
O.l!5 waU 
0. ' w.tt 
0.' ... aU 

0.' wall 
0.5 watt 
O.S Wlltt 

0.' wa H 

[K1OO ke 

So/, 
90/, 

1.5% 
0.9% 

C· 

--' 
7.7-4.;; 
7.1-4.5 
7.1-4.5 
7.7-4.5 
7.7-1.5 
7.7-1.5 
7.7-1.5 

"'rho 1W'll"r ca»<lei .... " "" (KX:" ...... t the lowel t te lling of th .. deearle. Th .. v81 .. ~. ~iye" .. ~ tor "",III w,thout the ,hi~ld cal>. ,n r.ln"". With 
t.lw dueld """* in IIboc. Iho ¥hu"t oopuci .... nco i. f .... '" 10 ~ 20 I'l'f IIr .. ater Ihan ,ndica te<! here. dC[>I!tlding on whether the I 'ieh.! i. tied 
to the Iwiteh or 10 Iho aero end of th" d"""do. 

Switches: Quadruilie-leaf, phosphor·bron:<e ' 'II'itches benr 
on contact nud. H inch ill diameter. Swi tch brushes tire 
bent so as not to be tallgent to the are of travel. thus 
avoiding cuuing. A CIIIll ·type detent is pro,·ided. There 
are eleven contact pointll (0 to 10 inclu,""")' The switch 
ruistance is betwCCIl 0.002 ow.! 0.003 ohm. tllld the clrcet" 'e 
capacitance of tho liwit.ch iii of the order of !'i I'l'f, with 11 

dissipation factor of 6% fit I kilocycle. A. molded bakelite 
~" i tch form is UMlt!. The form for TYrl': SIO-G i~ molded 
from low-l~ bakelite. 
Temperature Coefficient: The temperature roe fliciellt of 
resil lanoe is less Ihlln ±O.OO2 % per degree Cenligl1lde nt 
room t.eDlperature •. 

Tl1min.ls: Soldering lu" are provided. 

Mounlin9: Each decade i, complete with din! plate nml 
knob and Clln h<l rnoull led on any plInel between M inl;h 
. od ~ iDCh iD lhickneM. 

Dimenlions: See ~kt teh ; 8h,,(l diameter i.s ~ inch. 

Net Weighl: Tl'P~ 5 10 Units. II ounces; l'YI'1': 510· 1'3 
9~ OUU0e5. 

2. M~. holes.8 Drill 
c'sink for 10-32 "HI. M.S. 

Toiol i>u SllP Code Word Price 

510·A 
510·8 
510·C 
510.0 
510·E 
510·F 
510-G 

1 ohm 
10 ohms 

100 ohms 
1000 ohms 

10,000 ohms 
100,000 ohms 

0.1 
1 

10 
100 

1000 
10,000 

ohm ~t.."'TI:: 

ohm ~t..f)l:: n 

ohms 1::t..I':G " 
ohms I::UJOW 

ohml """ ohms 1::t.."AS 
ohms IUIITBR 1,000,000 ohml 100,000 

510·P] Switch .......•.................. ,............. U'lVOV 
NOTE: The .hi~ld "00"'0 in the photOlTlph Of! the "..ececlin", _ i. no Ioo .. er {urDU""". 

$8.50 
8.50 
8.50 
8.50 

12.00 
14.00 
30.00 

5.00 
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RESISTORS GENERA L 

TYPE 670 COMPENSATED DECADE RESISTOR 

USES: The T YPE 6iO Compensa ted Decade 
Hcsislor is intended for usc in a-c impedance 
measurements where non-rea ct ive incremen ts 
of resistance are desired . This type of decade 
resistor made possible the development oC t he 
first precision radio-frC<luency bridge. I t. is also 
used in tbe TYPE 667-A Inductance Bridge and 
is an important factor in determining the accu­
racy and convenience of operation of this bridge. 
Compensated decade resistors arc useful in 
tuncd-circuit subSLitution measurements, as 

variable resistance elements in antenna measur­
ing circui ts. and , in gener al, for bridge measure­
ments wherever the variat ion in inductance of 
the convcn l ionai type of decade resis tor cannot 
be tolcmted. 

DESCRIPTION: The TYPE 670-F Compensated 
Decade Hesis tor is an assembly of TYI'E 668 
Compensa ted Decade-Resis tance Units. 

The decade-resistance units usc a double 
card system, as shown on page 30, and the 
switch is so arranged that. a copper coil is 
subslituted when a resis tance coil is switched 
ouL of circui t,. The ind uct.ance of the copper coil 
is equal to the ind uct.ance of Lhe resistance coil 
but. its resistance is very smalL Consequen tly, 
as t.he posit.ion of the switch is changed , the 
induct.a nce of the decade is kept. constanL and 
only Lhe resistance is varicd. 

The decade units are moun ted on a black 
crackle-finished aluminum panel and cncased 
in a walnut. cabinet, lined with sheet. copper. 
The copper lining, together with t.hc aluminum 
panel, forms a complete shield for the resis tors. 
A separa te terminal is provided so Lhat inde­
penden t connection to t.his shield may be made. 

FEATURES: The great.est advan tage of the 
TYI'E 670 Compensated D ecade Hesis tor is that 
its inductance is constant with in 0.1 microbcnry 
regardless of the resistance set ting of the box. 
Furthcrmore, the total inductance of the box is 
but one microhenrr, and so little difficulty is 
encountered in balanci ng ou t this amount in 
preliminaryadjU$.tments. 

High accuracy and low temperature co­
efficient. of resistance are main tained in the 
TYPE 670 Boxes. The current. rat.ings for all 
decades, based on a 40° Ccntigrade tempera ture 
rise, arc engraved on t.he panel. 

SPECIFICATIONS 
Type of Windin!: T he l O-ohw and l -ohm 3teps are Ayrton­
Perry resistance cards. while the O. l -ohm IItCf"l a rc bili la r 
ribbon nnilS. 

All decades are compensntcd by COI)pcr ooi ls os shown in 
the diagraw on page 30. 

Accuracy of Adjustment: Ilesistnnce increwenlS are eor­
recl wi thin =*:0 .1 % for the 10-ohw a h:lIIs . =*: 0.25% for the 
l -ohlO steps, and ± l % for the O.l-ohm s teps. 

Zero Retitt.nce: The :.:ero resist(ln!"" is of the order of 
0.04 ohm. 

Induct.nte: The zero indueta nC(l i . 1.05 wiero~ury. This 
vslue remaillS ooDsta nt rcgnrdlca of resistance 3fl tting 
within 0.1 microhenry. 

Switches: Douhle-lcaf, phosphor-brou>:e swi tches bear On 
oootact Itud. v.: inch in diameter. S wi tch brushes are bent 
110 fli DOt to be tangent to the nrc of travel, t!L 1llI avoiding 

cuUing. A ca lO-typc dewnt is provided . There nre eleven 
oontact pnints (0 to 10 inclus ive). 
Termine l,: Standa rd M·inch l paciug is nse<! on the termi· 
nals. A grou nd post connected to shield and panel is abo 
provided. 
Muimum Current: See specifica tions for T ype 668 Com. 
pcnsnlCd Dccadc-H.ClIislance Unit on pn!le JO. Values for 
40· Centigrade ri8C are engraved on the panels direc tly 
above the . ", itch knob. 
F,equency Cher.cterislic.: The frequenc)' ehuraeteri.ties of 
the TYPE 670 Compensated Deaade He!I;$lOr fi re ~ imil~r to 
t looee of the TYPE 66B Unit whieh is used in the boxes. 
However, the box "'iring and <:abinet ahield affeet these 
eharacterilllic:s somewhat. 
T cmpcr.ture Coefficient, Less than =*:0.002 % per dcgrCf: 
Centis rul.ie at room tempeoture!l. except ot the lower 
eeltiug' ... here the tempera ture ooeffieicnl of the eopper 



 

RADIO CO . RESISTORS 

Interior of TYPE 6;0-1' Corupcn~atcd DeemloJ ll.es;stor. 

compeusating windings muy urfc() t the Q\'cr -u ll tCUJpCrature Dimensions: Panel. (length) 13 ;< (",-idth) 5 inches, Cabinet, 
coefficient. (height) ;; inches. over-!.Il. 
Mounting: The dials arc mOlluUJd 00 uhuniullm pa nels in N et W~i9hl: 5H pouods. 
ooPiler-lincd wal~ut cabinets. 

Type Ucsis/(Iuce Type Ullils Used Cod~ Word 

670.F 1 010111 ohms, lotal, in steps of 0.1 ohm 668-A. -Lt, -C AU Y SS S4S.00 

TYPE 668 COMPENSATED DECADE·RESIST ANCE UNIT 

USES: The TYPE 668 Compensated Decade­
Resistance Unit is the basic unit for the TYPE 
670 Compensated Decade Resistor. In addition , 
it has found wide application as a component 
part for building into experimental or perma· 
nent. measuring equipment for use at radio 
frequencies. It has been built into an tenna 
measuring equipment. as well as into general 
r·f impedance·measuring circuits. It is usefu l 
for any measurements where constancy of 
inductance is desired. 

DESCRIPTION, The TYPE 668 Compensated 
Decade·Resistance Unit is equipped with a 
double set of switch contacts, by means of 
which a copper winding is exchanged, step by 
step, for the resislance cards, th us keeping the 
total inductance constant regardless of resist· 
ance setting. This arrangement is shown in the 
diagram op the next page. 

The uni ts are mounted with an etchcd·metal 
dial plate, knob, and stops, but wilh no shield. 

FEATURES: The TYPE 668 . Compensated 
Decade·Resistance Units are accurately ad· 
justed resistances with a low temperature 
coefficient of resistance. 

Since it is impossible to build a resistance 
with no inductance, the next best condition 
is a unit with a low but constant inductance. 
Accordinglr, the TYPE 668 Uni ts have been 
built to ha ve but. a few tcuths of a micro· 

!l9 



 

RESISTO RS 

henry inductance. and this value remains con­
stant to within 0.05 microhcnry regardless of 
resistance setting. 

GENERA L 

Careful construction has made it possible 
to keep the frequency errors small , and so all 
units are useful up to scveral megacycles. 

SPECIFICATIONS 

AC:CI,II,cy of Adjustment: HClli$tnnQC ;n( rt! l1lc nl$ are cor­
red within ± l % fot the O.I-ohrn atCIJoS. ± O.Z:>% for t he 
l-obm a{cps. und ±O.l % for lhe 10-01110 steps. 

Z.,O Reliswnce: The ~cro reai. lance or the different units 
i. ,iveo in T.ble I. 

7'ype 

668·A 
668-8 
668-C 

TABLE I 

0.001-0.010 ohm 
0.015-0.025 ohm 
O.OIO-o.O::!O ohm 

InJul:llmu 

0.15 microhellry 
0.30 lI.icrohcllry 
0.50 m'crohenty 

InducLln(ll: The inductnnce of the difTerent lIui14 is given 
in the ta ble nOO,-c. The inducta nQC rem(lins cons ta"t reo 
" •• dleu of rtsistaoce seuin, within 0 .0':; mic rohe nry. 

Temper.lure Coefficienl: The lem pemture coefllei ent of 
reaistance i, ICM than ±0.OO2% per d egree Centigrade ;01 
room temperatures. except (or the lower &ett inglJ o( T"1'1'4 
668-'\ and 668-13 . .... here Ihe lemperature coeffi eienl of Ihe 
o;ompcnsating windingg rna)' olTr,c t Iho ovcr_nll 1emllemlure 
coellicient. 

Frcqu.ncy ClI.,.ct.rislies: The frequenc)' characleri$ ti~ 
of Tyrr. 668 CompenSllled Dl!elIdc- Reaill lance Units are 
. iDlilar to lhose of Typr: $10 ~de-nellis t.lnce Uniu.. 
pare 26. Ikcau$e 10-ohm cauls a rc the largCll t used . the 
effcet.! of ,hunt eapaeiltlnce lire enlir<:\y net: ligi ble. ami 
the chanse in resistance with lr«ltleliCY resull.$ ahuos l 
enlirely from skin effeet. 

Although skin cffcet produCl!!! a IJOOSitive effect on the 
lo ta\ resislDDce. the IIkin effect in the I':OUl llC nSll ting " ';nd­
ins i. , .. eakr Ihan Ihnt in Ihe rClli. lum:e cards. Accordingly 
there is II. net nesntive ehange in ro::si81unOO ineremcnL!. 
Thot ill, the increment in resis tance between one swilch 
point nnd the next higher one will 00 leu nt high frequcnci~'3 
thun at low. This "nega tive 81;.in elTec t ." nt one megacycle. 
i, about -0.8% for the units decade uud nbou t - 0.6 % £or 
the teOf decade. 

Muimum CUllent: The followin" t~lble gives the allo..-able 
curreD! for the different uni t.!. Thc vulun o f current ror a 
4.0· Ceotisrade tempenllure riole. oo$Cd on one-quarte r 
'II' , ll di$'lipation per resis tor. ore cngronxl on the dial plate. 

TABLE II 

Currlnf lor CUrnmfjor 
Typ' '10. C. IIi, ,, itO· C. IUn 

668·A 1.0 a 1.6 a 
668-B 300 onll 500 DOa 

668-C 100 ma 160 ona 

Rtlidnnce 

T he conBlr .... e tion of the eonll)ClIlJ./l. ted decade reo 
sis tanoo is 8howu above. Opposi te e nd" of the ,witch 
bhtde onake conlact wilh rnistnnco or induclanoo 
wi,winS", respectivcly . Ali a re~;'lanoo ,tep is added 
to the cireuit , a compeosating induclanoo IiI(lP ill 

remO"cd, and "ioe ve rsu . 

Type or Windin,: The 10-ohm nnd l -ohm cards .. re Ayrto,,­
Pcrry wound . whil" the 0. 1-011 111 s lcpt o rc bifilor ribbon. 
ComllC llso led windings are used o n nil decnd~'$ to lII~in!nin 
conBtullt induclance. (Sec diagram above.) 

Switch: A double-leaf. phosphor-bronze S"'ilCh heari! on 
conIACt .hod, Y.( inch in diamcter. S"'il ch hru8hCII nrc be" t 
80 al 1I0t l0 be 1.,111gent to the nre of travel. thuB (I ,·oiding 
euUing. A eam-IYIIe de tent is pro"ided alld there ore cle ven 
conlne t poinu (0 to 10 inclus ive), 

Termin.11: Soldcring IUglJ are pro ,·idcd . 

Mounlin,: l nte rehan~eahle (except ror switch , tol)8) wilh 
'I' Yl'a 510 (lICe pclge 26). A combination diall)la le nnd drill ­
ing lemillate i~ furni~hcd. 

Dimenlionl: Diamcter. 3 ~ inchCII: dcpth IJ.ehind J)..'1nel. 
3 inches. over·nll : ti hoft diameter. ~ inch. 

Net Wei,ht: 70uTlCC$. 

T"" TO/o f IJu Skp Code Word ",ice 
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668·A 
668-8 
668-C 

1 ohm 
10 ohms 

100 ohml 

0.1 
1 

10 

ohm C ASU: S10.oo 
ohm CA lLY 12.50 
ohml CA I.()I' 12.50 
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TYPE 249 ATTENUATION BOX 
USES: The TYPE 24,9 Attenuation Box is useful 
in power-level measurements, transmission­
efficiency tests, and in gain or loss measure­
ments on Ixansformers, filters, amplifiers , and 
similar equipment. It is also used as a vower­
level control in circui ts not equipped wi th other 
volume con t.rols. 

DESCRIPTION: The TYPE 249 At.tenuation Box 
is a CODst an t impedance a t tenuator which con­
tains a group of resistance elements so arranged 
that definite and known amounts of power loss 

can be introduced by operati ng the key switches, 
when the box is used between specified values 
of inpu t and output impedances. The total 
attenuation is given by adding the decibel values 
engraved by each of the keys. 

FEATURES: The outstanding features of this 
box are its wide range and high accuracy. I t can 
be used on frequencies as high as fifLy kilocycles 
without introducing any appreciable error. 
Both the T~type section and the ba'anced~H 
section are available. 

SPECIFICA nONS 
Attenuation Range: 11 0 decibels in steps of 1.0 decibel. 
Boxes witb other attenua tion ranges ca n be made on 
spedalorder. 

T elminallmpedance: 600 ohms. Boxes for other impednllces 
can be made on special o r-Jcr. 

Accuracy: Each individual resistor is adjus ted within 
0.5% of its co rrec t value. A t frequencies below 50 kc the 
Oluimuffi erro r in a t tenua tion is 0.2 db. 

Type of Section: Both the T~section and balanced-H· 
scc tion models arc available. Both t)· pes present Ii constant 
impedauce in both directio ll$. h ut the balanccd-H should 
be used wherf) both s ides of the circui t must he b a lanced 
to gr(lund. 

Type 0/ Winding: Ayrton-Perry windings ure used for the 
10w.resis t.n IlCe elements. while uni fila r windings on thin 
mica cards are used for the high-re~ is tllnce units . 

249·H 
249-T 

Ranne 

110 db in steps 0/1.0 db 
11 0 db in steps 0/ 1.0 db 

'~' , . .,,,,,, 
,~. 

Tmpedunu 

600 ohms 
600 ohms 

Maximum Voltage: The maximum p<:rmiSOlib le voltage 
varies somewhat with the a ttenuation, but t be power. 
handling capacity of the boxes will !lot be exceeded. fo r 
any oett ing, if the voltage applied to the in putof the TYl'~ 
249-1' is kept below 25 volts und that a pplicd to the Tv}>£ 
249·H below 35 volts. 

Switches, Eigh t low-capacity key switches control the cight 
a t tenuat.ion sectious. 

Mounting: The uni ts are mounted in shielded walnut 
cabi nets with aluminu m po nels . The pallel and shield a re 
connected to tbe terwillul marked G. 

Telmin ~ls: Jack-lOp binding posts with :;{_inch spacing. 

Dimensions: Punel, (length) 16 x (width) 5% inches. Cab· 
inet, (depth) 5y.( inches. over·a ll. 

Net Weight: 7 ~ pounds. 

Typ~ of 
Sec/ion 

B~ lanced ·H 
T 

6ALANCEO~H 

SECTION 

Code Word 

Nf,:Two,n<no o 
NfTWQnKTOl' 

'~. ., ' 
.-t.. -V 

, . 

Price 

$120.00 
100.00 
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RESISTORS G ENERA L 

TYPE 663 RESISTOR 
USES: The T YPE 663 Hcsis tor is designed to 
have an accurately known impedancc a t high 
frequencies. I t is particularl y useful as a stand­
ard resis tor for the rcsiSlaOC(H'arialion method 
of impedance measurement at radio frequencies 
and as a circu it element in bridges and si milar 
equipment. IL is also usefu l as a term inating 
resist.or for matching radio-freq uency tra llS­
mission lines an d , generall y, as a low-resistance 
standard in high-frequency a pplications where 
small residual reactance, accu rately known 
resistance. and moderate power-handling ca­
pacity arc req uired. 
DESCRIPTION: A straight. picce of res istance 
wire is soldered to two flat nlct a] plates, which 
arc moun lcd close logether on a strip o f insu­
lat ing material. A thin piece of mica in sulates 
the wire from the plates, except. at the soldered 
cnds. This assembl y is rigidly clamped togctJler 
wit.h a top piece of insulating ma terial. The flat 
metal plates ex tend on either side to form 
slotted termi nals. 
FEATURES: A resistor for high.frequency use 
should have an im pedance which varies as 
little as possible with fre<!ucncy and which is 
as nearly resistive in natu re as possible. These 
requirement s demand tha t skin eWect be kept 
at a minimum and that residual inductance and 
capacitance be made Yery small . 

The st raight-wi re resistor approaches this 
idcal more closely than <Illy other type through 
the usc of short pieces of fine wi re. JII the 
convent ional form, however, two disad,'untages 
occur. Fi rst, the fine wire has relatively high 
series inductance compared to its shunt ca­
pacitance, and low·rcsistam:e uni ts consc­
quently tend Lo have relatively high inducti ve 
reactances. Second, the fine wi re cannot dissi· 
pate. any appreciable powe r wi thout over­
heatmg. 

The design of the TYPE 663 Hesistor* over­
'So. D, II. Sifl('lJ,ir. "n.e Typo< 66) lI""iOlor," ~I na,lio 
E%pt.r i#MnI ... Vol . XIII. No.'. pair" 6. Ja"unrr . 1939, 

comes these disad vanta~cs. T he straigh t wire 
is clamped down upon the fla t metal fins and, 
as a resul t, the inductance is decreased over 
the free space value by virtue of the shielding 
effect of the current flow in the plates. By this 
same construc tion the power dissipal iOIl is 
greatly increased because the hea t is carried 
away from the wire by the termi nal fins . 

The equivalent circuit for the TYI' ~ 663 
Resistor, whel) mounted approximalely one 
inch above a me tal panel , is given below. Values 
of the residual induClooce, L, for the different 
units arc labulate<1 in the specifications. 

R esidual ind uctance and capacitance cause 
two effects. First , they cause the resistance 
component to var y with freq uency an d, second, 
they create a resid ual reactl\'e com1>onen t. 
If the resistance, R, is large compared to vt, where IJ is t he effective series resistance 

and C the effective shunt capacitance, the 
resisti ve component decreases with frequency; 

if the resistance is small compar~d to vt, 
the resistance increases with frequency up to 
a I)eak beyond wh ich it. decreases. For values 

of H large com pared witll vt. the reactance is 

Equ ;"alcnt circuit or T YI' .: 663 nc~;~ C or. lIIounlcd 
31 inch "hove" ,nct"II)Uncl. 

o~±::Z"l o 

I O.75)JlJf 

~ 

I 0.7':1}JI·d 

"'§" 
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w, 

~ 
I ... 

= F 
= $~ 

.. . 
w. 

./ ~ 
• " .00 

I\a tio of elTective resis tance to doc rcs is ta uce us a 
fUllc tion of frequency. for t he Tyf'l; 663 R~sistor 
mounted Oll binding posts. tiS desc ribed in the 

text. 

capacitive; for values of R less than ~, 
the reactance is inductive up to t he resistance 

peak . It is desirable to maintain v'& oCtile same 

order of magn it ude as the resistance in order to 
minimize both resistance chan ge and reactive 
component. The conslrucl..ion of Lhe TYPE 663 
Resistor, which gives low inductance at t he 
expense of increased capacitance, fulfUls this 
cond ition. 

The accompanying curves ill ustra te the 
behavior of TYPE 663 Resistors as a fu nction 
of frequency when mounted on a pair of TYPE 
138-VD Binding Posts wit.h one end grounded 
to a Yt -inch metal panel upon which the 
binding posts are assembled with TYPE 274-Y 

RESISTORS 

• 

I I"" , 

I , 
'" .~-'-

, - "" V I 
• , ~" 

00" 

" , .. ~ 

.. £a.o.c.cus 

R!ltio of c« ui valent series reactance to doc resis t­
ance as a fu nction of fn'quency, for t he T vPI'; 663 
1 \ ~'SisLO r mouu ted 00 bindi ng posts, IlS descri bed 

in the text. 

IVlounting Plates. With this setup, the effective 
shunt capacitance consists of the sum of (1) the 
direct capacitance of the resistor. (2) the capaci­
tance to ground of one mounting lug, (3) the 
direct capacitance between binding posts, and 
(In the capacitance of one binding post to 
ground .* T he total.capacitance in this case is 
approximately 6.5 iJl'f and the conditions are 
t herefore more severe than would exist if 8 

low-capacitance mounting werc used. 
II will be seen t.hat the reactance is large 

compared to t he resistance for low values of 
resistance and high frequencies , In most ap­
plications, lhis is not imporlant because the 
reactance can be tuned out. 

*See R. f' . Fidd, "Diroct Cnp.,cit.1nce and I t.'l Me""urilllIeDl," 
Gellcrp] Hndio E:rp"im~,Jtr. Vol. VI II, No.6. j){l h<{\ S, Nov. 1933. 

SPECIFIC A liONS 
Resistance Values: S lnndard unit" are avnil flhl e in tile 
following rcsistance,, : 1,2 ,5, 10,20,50, aud 100 ohms. 

Accuracy: All uni t.s arc adjusted within ± l %. 
Residual Parameters: T he following table gives approximate 
n . luts for f. fo r the diffcrent unils: 

Currentjor 
Re .• i .• /anu L J,Oo C. R ise 

J ohm 0.0065 ~h I A , 
2 ohms O.OU ,h 1.0 , 
5 ohms 0.0 15 ,h 0.5 , 

100luos 0.029 ,h 0. 35 II 
20 ohms 0.032 ,h 0. 2 , 
50 ohms 0.0:'1<1 ,h 0. 1 , 

1000hllJs 0.039 , h 0.06 n 

Type Iles islana 

663·A 1 ohm 
663·B 2 ohms 
663·C 5 ohms 
663.0 10 0hnu 
663-E 20 oh ms 
663-F 50 o hms 
663·G 100 ohms 

Skin Effect: For all units the skill e ffec t is less tl'lIn I % fo r 
frequcnck'll lK:.low 50 megac}'cles. 
Temperature Coefficient: At normal room tempCrfllure Ihe 
temperaturc <-"()Cffieient is l es~ th~ n ±0.002% per dcgr~e 
Centigrade. 
Muimum Power and Current: T he <llIowablc power dissips­
lion for a 400 Cen rigrad" tempera tnre risc "aries wilh re-
8i8Ia ",:.:e. being 2 walt~ for the I--Qhm unit "nd 0.4 wa l t for 
the 100...,hm unil. T he ra red currenr for this tcmp.~ratllr~ 
rise for the din'erell t .., nill) is given in th" lable. 
Terminals: The flat tllf'tal Illa l<.'II to wllieh the resistance 
wire is <lltaehcd are used ,.s Icrmi, ... ls, anti are both slotted 
aod d rilled for <.vuveuicnce in mou nring. 
Dimension.: (Length) 2 }.( x (width) I Y( incbes. Over-a ll 
he ight. % inch. 
N et Weight: 2 ounccs. 

Code Word Priu 

I'AN1C $5.00 
PAlITY 5.00 
PATTY 5.00 
P I.:DAL 5.00 
I'ENAL 5.00 
I' E NNY 5.00 ,=, 5.00 
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RHEOSTATS AND VOLTAGE DIVIDERS 

USES: Variable resistors and voltage dividers 
are useful in assembling e~verimental equip~ 
ment where tube voltages and circuit elements 
are Lo be varicd until the fina l de!)ign is obtained. 
I n sLandard eq uipmen t, such as oscillators, 
bridges, test equipment, and ind ustrial instru ~ 
ments, Illan y manufacturers find General Radio 
rheostats extremely useful as f'ilament~ and 
plate-suppl y controls, outpu t controls, bridge 
arms, and as parts of almost any instrument 
where variable resistances are needed. Ganged 
units can be used where simultaneous control 
is desired. Uni ts with special resistance values 
or tolera nces can be made to order. In addition 
to the ordinary li near models, tapered units of 
both the straigh t and logarithmic type can be 
made to satisfy particular requirements. 

GENERAL DESCRIPTION: The resistance wire 
is wou nd on a strip of insulating material such 
as bakelite, which is then bent around and 
fastened to the molded bakelite supporting 
form. All units arc so constructed that the shaft 
may extend through either or both ends of the 
rheostat. TerminaJs and moullting holes are 
provided on all models. Terminals are provided 
at both ends of the wi nd ing. The contact arm 
is in conti nuous contact with the winding. 
There is no "off" position. 

FEATURES: Geueral nadio I'heostats and volt.­
age di viders are manufactured in eight basic 
models under scveral different t ypes of con­
struction. The essential fea tures of each type of 
design are outlined below. The shafts turn in 
accurately machined brass bushing inserts which 
are molded into the bakel ite form (except TYPE 
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533 and TY PE 333, where integrall y molded 
bakelite bearing holes afC used). 

Type 371-A. The resistance wire is wowld 011 a 
linen bakel ite strip, wh ich is seeUl'ely clamped 
to the supporting form. The contact. arm is a 
specialt y formed single phosphor-bronze blade 
that. provides smooth and linn contact. with 
lhe edge of the winding. 

Type 37f .T. In this unit the resistance form 
is lapcrf'{llinNlrly, 1'.0 tha t the variation of re­
sislancc with angle of rotation follows a square 
law (increasing with clockwise rotation of the 
knob in n panel-moun ted unit). ] n all other 
rCSI>CCls it. is similar to the '!'YPJ:: 371-A. 

Type 214. Th is is similar to the TYPI~ 371-A 
!11 every respec t. except. that. t he winding form 
IS narrower. 

Type 471 . This is a high grade unit suitable 
for usc in hjgh~impcdancc circui ts wllere low 
noisc level is desired. 

The higb resistance wind.ings are protected 
from mechanical damage or disturbance by an 
external protecting strip of li nen bakelite. 

An inside contact arm, bearing four separate 
wiping fingers, insures low noise level and ex­
tremely smooth operation. 

Type 314. The design features of t his unit are 
those of the TVI'E 471 ; in ph ysical dimcnsions 
it is similar to Lhe TYPE 214. 

Type 301. This type is a small , compact unit 
similar in construction to the TYI'E 2 1 '~. 

Type 533 . This is a heavy~duty unit capable 
of dissipating 250 watts under continuolls load. 
T he resistance clement is wound on an ashestos­
covered alumi num strip tha t servcs to distribute 
the heat to be dissipated to all portions of the 
element for better radiation characteristics. An 
internal wiping contact is used. The TYPE 533 
is designed to operate at extremely high temper~ 
atures, and care should be taken in its location 
with respect to associated apparatus. 

Type 333. Tbis unit has the same general con­
structional features as tbe TYPE 533, but uses 
a single-blade contact arm. 

Type 433. This is a large unit, which is stocked 
only in the 500,OOO~ohm sileo The large diam­
eter (5 inches) allows a large number of turns 
on the winding form, making possible extremel y 
high resistance together with very smooth 
control. The contact arm is a specially formed 
phosphor·bronze blade. A protecting strip of 
linen bakelite is provided to protect the high 
resistance wind ings from mechanical damage. 
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GENERAL SPECIFICATIONS 
Accuracy: All tnlCa ore wound to all accuracy of :*;10% 
Qf the nominal v(lil.lcsiiste<i. 

Mu:imvm Current: The maximu m current i, the cu rrent 
""hieh will produce the fated power di!l8Lput;()n whe ll flow­
ing through the entire "'inding. This current should Dol be 
CJeecded in (In)' portion of the winding. 

T lumina Is: Screw terminals with 3-I1.J1gered tinned soldering 
luSt a re provided 011 all models exeept TVPY.8 533 and 333 
which Arc furnished with juck-top hinding poet.l. 

Accessories: All models are provided wi th t he nccessary 
sc;rcw, und nuU for mounting, as well (IS a l.ellip late for 
luyiog out the " lOunting holes. 
Dimensio ns: Over-nil , il.e and mounting dimensions nre 
. bowD Oll the IIketches below. 

from 50 to 60 degru. Centigrade for open , !Je lf or panel 
mountings. When mounted in enclosed ~pu¢es slightl y 
higher temperature ri ses or tomewhat reduced ra tings are 
to be CJ:pecled. TYPE 333 and TYPE 533 IIrc rated for a 
ri5e of approximalely 250" Centigrade. 

Typ< 

'" 301 (wi th 
protecting strip) 

214 
3\4 
371 
371 (with 

prol.e<:ting strip) 
471 

" watts 

3 watts 
10 watts 
8 watts 

15 waite 

Power Rating: I n the 13hle below are given the appro~i mate 
power ratings o f the vllriOUS models. ThctO rotinp (excep~ 
ror the TYPES 533 nnd 333) are for a temperature ri ~e of 

433 
333 
533 

12 watte 
12 watts 
25 waUIi 

60 to 100 wattl! 
250 watts 

MECHANICAL SPECIFICA nONS 

Typ< Type oj ShaJI 

37 1 ~-in. Steel 
21" ~.in . Steel 

'" ~-iD. Bakelitc 
3\4 "'-in. Bakelite 
301 J4-in. Steel 
S33 *"io. Slecl 
333 *"in. Steel 
433 ~-in. Bukelite 

OSee ~ 157 r", • de.cripliOll ollhcao k"""--

TYPES 214, 314,371, 471 , 333 

Type A (l nche,) 8(1l1clle$) 

2 14·A 3~ 1)( 
314-:\ 3!{O I j< 
371-:\ 3!{O 'ji 
4i1 ·A 3110 'j< 
333-A ., 'j< 

TYPE 301 

II
,··,· 

• - 2 MTG. HOLES 

, . __ '~ NO 25 ORILL 

~,aJ 

Type oj Knob. 

637-G 
637-G 
637·H 
637·H 
637-A 
637-Q 
637·11 
637-Q 

UuJul Angle 
oj no/alion 

303" 
303" 
29·' " 
29·1· 
25-1· 
305· 
289· 
322" 

TYPE 533 

TYPE 433 

Nt:! Weight 
in 01111«$ 

8 
6 
8 
6 
3 

30 
10 
18 
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T YP< 

2104·A 
214-A 
214·A 
214.A 
214.A 
214-A 
214. A 
214· A 
214. A 
214·A 

Ty", 

371 ·'" 
]71.'" 
371·"" 
]71 . A 
371·A 

· 371-A 
$371·A 

371.T 

Typ< 

333·A 
333·'" 
333-1'. 
33]·A 
333·A 
333·A 
333-A 

Type 

533·A 
SH·A 
SH· A 
SH·A 
SH·A 
S33·A 
S33·A 
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M(Jzimum 
n . 1 es ... onu I. 

2. 
5. , .. 

2 •• 
5 •• 

1000 
2000 
5000 

10,000 
M(lximum 
Uerj,/onre 

1000 
2000 
5000 

10,000 
20,000 
50,000 

100,000 

10,000 
,lIuzimum 
Rnislance 

1 
3 I. 

3. 
100 
300 

,.00 
j\1(I:I: i"'''fII 
ResislulICe 

1 
3 I. 

3. 
100 
300 

100. 

GENERAL 

,\/azimum 
C 1 "'ren I., • 
0.7 , 

4~O " , 
320 m, 
220 lU ll 

1,10 .0, 
100 .,," ;. 11111 

" "'" :12 111o 

,\I(l Xilllllm 
GIII'N'I.i 

IZQ m. 
90 "'" S!) ," ~ 
38 111 1' 

28 I'\ ~ 

16 lil A 
11 rnn 

" rnn 

,11(lzimuIII 
C",. .. "., 

coo. 
I\' " 

M 

flU ' .... L 
11 ,01.011 

n A1'1l) 

111"eT 

£MI>TV 

flO!!I N 
t::"! .. CT 
8nn) I' 
flOW II: I. 

nu~,o" 

COO. 
Word 

IIEDA N 

IU~F I T 

IIOTOIl 
IIOWO\' 

nULE n 
S A'rYII 

SF- pO" 

IIUI, I. " 

COO. 
11'01'(/ 

DI5CO"TI~Ut: 1I 

I J 
11102;11111111 Oxl. 

Curr el!1 Word 

I , ,),seo:"T' :"UJ:I) 

J 

I ' . rlet 

12.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
' .00 

Priu 

$4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 

4.00 

Price 

Price 
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,U(I%imum Mcu: imum Cod, 
T yl" Rl!lislance Curr~nl Word Priu 

*314.A 1000 90 m, DlYA:> $4.00 
*314.A 2000 65 aHI ENF.~I\· 4.00 
*314-A 5000 ·10 mll f'~""JOY 4.00 
*314·A 10,000 " m, 1lI \' ~; 1\ 4.00 
*314· A 20,000 20 nm 1':1<1'01. 4.00 
*314-A 50,000 13 m n DO..., ... " 4.00 
*)14-A 100,000 , m, I)O I<GIo 4.00 

,lfu:J:imum j\lazimuIII lAd, 
T yl" Rl!,ulancl! CurN'nl Word Priu 

*471·A , 0,000 35 ro. ~;'\l:cT $6.00 
·471 .A 20,000 o· ilia 1I 1J\IAN 6.00 -, 
·471-A 50,000 15 m, .;1\0 0 1:: 6 .00 
*471.A 100,000 10 lila EIIU I'1' 6 .00 
*471-A 200,000 , Ill" ESK 1': 11 6.00 

,l1(!z illtum Muximum eMit 
TYIM JiC8 il/(UlU' Curre/,I Word Priu 

)01·A 5 0' , 1',\1 $ \' 51.00 
301·A 10 0.6:> H IH';~IlT 1.00 
301·A .0 4':;0 nm """"1':'" 1.00 
)Ot.A 50 !!UO ilia JIII' I. '" 1.00 
301-A 100 2" Ill" fU e l!) 1.00 
30,-A .00 1·10 III" IIY. R U!I 1 .00 
301·A 500 90 Ill" m \' "l, 1.00 
301·A 1000 " m, IU \'!; L 1 .00 
)Ol.A 2000 45 rnn IIE.u n ' 1 .00 
301-A 5000 28 m3 11 0 ." ....... 1.00 

·301·A 10,000 11 "1<' CURR Y 1 .50 
*301·A 20,000 " lila CIW Mn 1.50 

!\fll;l:imum M a:1; imllm Coo, 
T , p< Jle,ul(",~~ C"rrenl II'llNl Price 

$433· A I 500,000 I) ISCO "T I." U};'" 

. SuIl •• li ",1 wi l lo l i ..... n.balr."li Ie l>roteeti r>g .'r"'. 
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TYPE 500 RESISTOR 

USES: The TYPE 500 Resistors afC part icularly 
recom mended as resistance standards for use in 
impedance bridges. They arc also valuable as 
secondary standards for laboratory usc. The 
plug·typc terminals make them convenient as 
lerminalinf; impedances for allcnua lion boxes, 
lines, and SIm ilar circui ts and as circuit. clewell Ls 
in either cXI>crimcntal or permanent equjpmcnt. 

DESCRIPTION: This resistor is an accura tely­
adjusted resistance card, sealed in a bakel ite 

case. Both screw-type and plug-type terminals 
are provided. 

FEATURES: In the T YPE 500 Hesistors both 
convcnjcllcc and accuracy afC combined. The 
terminal arrangement allows either permanen t 
or temporary cOl1nr.ctions to he made in the 
simplest possible manner. Low temperature 
coefficient. and excellent. high-frequency char­
aCleristics make these resistors suilable for a 
wide variety of applications. 

SPECIFICA liONS 
Resistance: Nine .ta ndart! va luC3. &I tabulated below. a re 
" locked. Olher vol oes CHI! be built to ~ I)(lcin l order. 

Accuracy 01 Adjustment: ":ach resi"l(Ir i8 Adjus ted wilhin 
±O. I% of il$ 'Itl ted w.ln.., u l the terminuls of the unit. 
excepl the I_oh m unit which i, adjusted within ±0.2':;% . 

Tlnmin.ls: Both terminal screws (l nd 1)lup a rc . opplied . 
alld bulh can be uijCd . Each te rmina[ Kind i~ ,ceCSOled as n 
jack to Ilccommodate (l ping. Stnndnrd ~~- illclr $])lIcing is 

""". M ounling: E.1e" 'eliator is scaled in a eose of blllek mo lded 

Frequency Ch •• "teristics: The table given on page 2, for 
the Tn'£ 510 Decode- Resistance Uoilreprcsenls the behav­
ior of the TvrH 500 ftC!li,\on quite uC(:"rnwly. p:'lrliculnrly 
for the lower resis tnnee "0;\11 (up 10 600 ohms). For the 
1000- H1\cI 10.000_01110 units the errors ure less than Iho>!e 
lal",ln t.cd for Ihe T Yi'p. 51 0. bee"u;\<) of l he relatively ~"'1I11 
"hunt cApucilonce of on ;5OIHlo;Il rClli~tor. 

bakeli te with an impregnlliing wax. Two rnoonting holet 
are I)fovided. 
Dimensions: ( I..o:nglh) !! 'l' x (width) 1U6 inehet. O"er_:l1I 
I.cighl. e.xclush·e or p1U81l. I inch. 
Net Weight, :? ouncC$. 

M.ximom Power .nd Current: All un; '" will diss;llHte one 
walt for a IC"' llCra tore rise of 40· Centigrtu\(:. The >'llioe of 
currenl for this rise is given in the I .... h[e below lind i$ 
engra"ed on each unit. 

T emper.ture Coefl'icient: At normal roo", ler" IJoC ..... turc. the 
teml>cmtllre coefficient is less thAn *0.002 % per degree 
Cenl igr.1de. 

Type 01 Winding, For res i~taneel of ICI!$ thl1l1 200 Oh1U~ 
A~'rton-Perry windings are uscd, for 200 ol""g lind higher 
>,~llIcs of , esishmcc the winding i~ "uifilar on mie" c",ds. 

Type Htlulanu ,\lllzimlim GII,,..,,,I 

Soo_A 1 ohm 1.0 n 
500-8 10 ohm, 3 10 rna 
5OO-C 50 ohms 140 "1:1 
500-0 100 ohm. 100 lila 
500_E 200 ohms iO rna 
5OO-F 500 ohm, 'I :> mo 
500-G 600 ohms -10 " Ill 
5OO_H 1000 ohms 30 rua 
500.) 10,000 ohms 10010 
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Code II'lml 

"1'"slSTlurm 
IlI~S l STI)I!S'" 

1 ... .$I$1·"onl) 
rmS'STl'nOG 
nHSrSTGrr(L 
IIE;HSTGOAT 
IIK;IlSTGOOO 
nKSUITIIY)';o1 
IIIi:SIST)IIL": 

Price 

52.00 
2.00 
2.00 
~ .oo 
2.00 
2.00 
2.00 
2.00 
2.00 
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C APACITO RS GENERAL 

RESIDUAL IMPEDANCES IN AIR CONDENSERS 
As a continuously adjustable standard of 

im pedance t.he variable air condenser ap­
proaches very closely t.he ideal circuit element. 
Al audio and low-radio frequencies the residual 
components arc usuall y negligible, and it is 
permissible to consider the condenser as having 
a pure, constant capacitance. However, for use 
in precise measurements of impedance, espe­
cially at high radio frequencies, it is necessary 
to take account of the small residual parame­
ters. 

In a variable air condenser these residual 
impedances arc caused by: (1) losses in the 
solid dielectric material, (2) losses in the 
metallic structure, and (3) inductance in the 
leads and stack supports: An equivalent circuit 
representing a variable air condcnser including 
these residual parameters is shown below. 

The parameters, H, D, and G, are all essen­
tia lly constant as a function of dial setting for 
TYPE i22 Precision Condensers. The dielectric 
conductance, G, may be considercd as t he sum 
of two components, one the d-c leakage con­
ductaTlce of the dielectric supports and the 
other a conductance corresponding to polari­
zation losses in the supports. The firs t. of th~se 
is constant as a function of frequency; the 
second increases approximately as the first 
power of the frequency. Except at. very low 
frcQuencies (ordcr of 5 cycles or Icss), the 
Icakage conductance is negligiblc. 

T he metallic resistance, R. is essentially 
constant. as a function of frequency for low 
frcquencies and increases approximately as 
the square root of the frequency at frequencies 
sufficientl y high so that skin effect is essentially 
complete (above 1 :Mc). 

The inductance, t, rcmains very closcly 
constant as a function of frequency. 

The me tallic resistance, R, and the diele<:tric 
conductance, G, combine to cause a dissipative 

40 

R L 

c 

10 this circuit the rt s is tunce. n. corresponds to 
100ies in the met.a llic portions of tbe oondenser; 
the conducta llC<l . C. oorresponds to losse$ in tLoe 
solid dielec tric portioos of the oondenser; aUlI the 
inductance. L. correl:lpollds to mngnetic flux ~t 
up by conduction cumml.$ in the metal portions 
of the conde08er. The cn llacita flce. C. represents 

the s tntic capacitance of the condenser. 

G 

component approximately equivalent to a 
resistance 

in series with a perfect capacitance, or to a 
conductance 

G. ~ G + R(wG)' 

in parallel with a perfect capaci tance. 
The corresponding oYcr-ali dissipation factor 

is approximately 
G 

D = Do + DR = wC + RwC. 

The residual inductance, L, causes the 
effective terminal capacitance, C .. to depart 
from the static capacitance , C, according to 
the law 

c 
c. ~ 'l -=-wC;'''LrC. 

At low frequencies the effect of the residual 
parameters, Rand 1,-, is negligible, and the 
condenser acts like a pure capacitance, C, in 
parallel with a conductance 

G.~G 

or in series willI a resistance 

G 
R.~ (w C)' . 

Under this condition 

G - = R. wC'l = DC = constant 
w 

where D is the dissipation factor due to di­
electric loss . The numerical value of this 
constant is a convenient figure of merit. to 
denne t he magnitude of t he losses at low 
frequencies. 

At high frequencies the other residual 
paramc ters become important. Tile losses in 
t he me tal parts of t,he condenser increase wi th 
frcquency un til they arc .first comparable to, 
and finall y in excess of, the losses in the solid 
dielectric. At high frequencies it is, therefore, 
necessary to consider both components of loss. 

A precision condenser is used normally under 
such condi tions that the dissipation factor 
components, Do and DR. and the inductive 
error are small. The expressions for the effective 
terminal im pedance and admittance of the 
condenser under these conditions are 

Z. = R. -j Ie 
w • 

Y.=G.+jwC, 



 

RADIO CO . CAPACITORS 

TYPE 722 PRECISION CONDENSER 

USES: The 'fyPI'; 722 Precision Condenser is 
a variable air condenser intended for usc as a 
standard of capacitance. 

It is widely used in a-c bridges both as a 
buill-in standard and as an external standard 
for substitution measurements. It is also used 
as a tuning condenser in oscillators, ff(,'{IUCIlCY 
meters, and other instruments where accuracy 
and stabil it y arc important. 

DESCRIPTION: T he whole condenser assembl y 
is mounted in a cast frame, which is used to give 
the unit rigidity. Th is frame, the stator rods 
and spacers, and the rotor shaft arc made of 
alloys of aluminum which combine the me­
chanica l strength of brass with the weight and 
temperature coefficient of a lu minum. The con­
denser plates arc of aluminum, so lhat all parts 
have the same temperature coefIicient of linear 
expansion. 

A worm drive is used in this condenser to 
obtain the desired precision of set t ing. Tn order 
to avoid the slight eccentricity which is almos t 
incvitable wben a worm gear is mounted on a 
shaft, the worm in the TYPE 722 Precision 
Condenser is cut directly on t.he shaft.. The dial 
eod of t.his worm shaft rUlls ill ball bearings . 
wh ile the other end is supported by an ad­
j ustable spring mounting. Ball bearings arc 
used at both ends of t.he rotor shaft. Elec trica l 
connection to the rotor is made, not through 
the bearing, but by means of a phosphor-bronze 
brush running on a brass drum. This method 
assures a posit ive electrical contact. 

A prelimi nary assembl y of t.he frame, shaft, 
and gears is dri ven by a motor to grind in the 
gears before final assembl y. 

Interior view of the TYPE 722-D Precision Condenser. 

Pnncl view of the TYPE 722-D Prec ision Condenser. 

FE A lURES: Both the materials and the me­
chanical arrangement used in the TYP B 722 
Precision Condenser have been carefull y se­
lected to give the instrument a high degree of 
stabil ity under constant. laboratory use. The 
entire mounting is extremely rigid , and the 
bearinb"S and drive mechanism have been ar­
ranged so as to reduce the backlash to less than 
one-half a worm division, and to give an ex­
tremely small worlll correction. 

The temperature coefficient of capacitance 
has been kept low by using metal parts wh ich 
a ll have the same temperature coefficient of 
lincar expansion. In order to keep t.he dieleclric 
losses low. a low-power-factor ceramic material 
is used for the solid dielectric, and the capaci­
tance associated with it. is kept very small. 
Whell it is desired to reduce the dielect.ric losses 
still further, quartz insulation may be used 
instead of the standard ceramic. 

All models can be se t to one part in 25,000 
of full scalc, a precision of set.t ing which is more 
than adequate for most measurement llses. 
Standard calibrations arc accurate to, and give 
an internal consistency of, ± O.l % of full scale. A 
more precise cali bration wi th a worm correction 
can be supplied, giving correct.ions which permit 
an internal consistcnc)' of 0.1 }.IJ.lf. The absolute 
accuracy of capacitance differences, however, is 
li mi ted to 0.1 % by the accuracy of calibration , 
and the usable accuracy at the term inals may 
still be limited to approximatel)' 1 }.IJ.l f by the 
lack of a standard technique for connecting the 
condenser into a measuring circuit. (See General 
Radio Experimenter, Vol. XU, No.8, January, 
1938, for a complete discussion of connection 
errors. ) 
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CAPACITORS GENERA L 

SPECIFICATIONS 

C.pacii.!nce Ran,,, : Three s tock models nre QvailAhle : 
TYPE 722.0, direct t cnding in C3p3ciUncc over t wo ranges. 
25 to 11 0 I'IL£, lind 100 to 1100 IlS' f ; T y1''& 722.F. calibrated 
every wortn lulU t urn , 500 j.lJJ.f maximum ; T YPE 722-~ 1 . 
intended for bridge.eubsli lUlion mcnsurenu:!nlll and direct 
reading in ca paci ta nce remo~ from the condenser over 8 

range of 1000 I'pf. 
Rotor Plate Shape: Semicircular for nil mod els, 10 give II 
linenr capocitance ehuracterisLic. 
Stendafd Calibration Accuracy: T n I'! 722-0 : The Cl)p.~ci ­
lance of the H IG H !!Celion, 100 to 11 00 w;f, is indica ted 
di rectly in m icromicrofarads by the dia l and drum readiul,'$ 
.... ithin ± l jl.JJ.f. The C81>acitance of the LOW &e<:tion, 25 
to 11 0 I'l'f. is indica ted di rectly in microwicrofarads by 
one-tenth of the dia l and drum readings wi lhin ± O.2 I'l' f . 

T YPE 722_F : The eapacitance a t ever y worm hal f turll 
ie given in a mounted chart to 0.1 ~~r, IlCl:ura te wi t hin 
:*:0.5 I'l'f. T he cn paci tance dill'erencea between suco::eeding 
worm hnlf turna is a l!IQ given to 0.1 I'~r, and is o,Cl:uratc 
to :*: 1 ~~f. 

T VPE 722·M : T he ca pllci tance at a N:ading of zero fOt 
t he dia l and drum i, indica ted 011 a Imall card mounted 
on the panel. T hia capaci taoce.aOOut 1150j.ll.lf in magnitude. 
i, given to 0. 1 j.II.If and ;a accurate .... ithin :*:1 ~~f. The 
condcnser is adjusted 10 indicate directl,. in w icromicro. 
fa rads lhe captlcitance remoud from the cireui t to on aCl:u· 
ftcy of ± I ~~f. 

These accuraciea nre indica ted on the ccrtificate or chart 
.. hich accompaniea each coodeO!le r. 
WOlm,Cofl'eciion C.libretion: Worm correct ioos can be 
l upplied for . 11 three models according to the price lis t.. 
Mounted chule are l upplied, which give the corrections to 
a t least one more figure than t he c uorante«i aCl:urncies, 
whicb are ata ted belo.... . 

T Ypp; 722·D : Wben tbis correction is used, the capac­
ita nce of ei the r section caD be determined wi thin :*:O. l l'l' f 
or :*:0.1 % ..... hichevcr;8 the greater , Rnd capacitance differ· 
enCCl! can be measured to an accuracy ol ± 0.2 ",,,f or 
± O.l % . whichever is the greater , with t he HIGH !lCCtion ; 
end ±O.O·J ~I'! or :*:0.1% , whichever ill t he greater, with 
t he LOW acetion. 

Tvpt': 722.F ; The captlcitance can be determined within 
:*:0.1 WI! or ± 0.1 % , whichever is t he fTea ter. Capacitance 
dif[ercncea can be meal ured wi th in ±O. l I'¢ or ± 0. 1% , 
wbichevor ia th. /froster. 

l'YI?t': 722. M : CapaciLonce d iffercncea. io capacitance 
removed. can be nleusured within ::1:0 .2 ",,,,f or ± O.I % , 
whichever is the ,reater. 
Muimum Voltege: AU models. 1000 volta. peak. 
Dielectric Supports; Two ban of s tea tite aupport the stator 
allCmbly, and conical bushiogs insulate the terminals from 
the panel. Quartz inaulotion caD be l upplied on special 
o rder. (See price lis t.) 

T yJ'< Cllpacilonce flange 

.. 
•• 

} ..01 

• _ ... OIVI$IO N$ 0 • , 
~ " " , .. ~ V · 0 

" ~ ·pt 
8 

•• i-- / ' ... 
Plot of a typical worm correc tion for a T y p)! 722.F 

Precis ion Condcuser. 

Dielectric Lones: T he figure of merit, JiwC'. when measured 
a t 1000 c)'d es is II pproximat.ely 0.0 1 x 10-- 11 for steatite 
inllululion a nd 0.003 x 10-" ro r q ua rtz. 
Residuel P.r.meters; The series inductance a nd the series 
metallic te!l ism nce a rc given in the following table : 

Type L If 

122·0 
hi9h section 
low section 
722·F 
122·M 

0.065 ... " 
O. ll ... 10 
0.055 I'll 
0 .060 ",h 

0.02 n 
0.03 !l 
0.02 !l 
0.02 !l 

Temperature Coefficient: The tem per(\lure coeffic icnt of 
capucitance is approxiwl1 t~ l )' + 0.002% per dcgree Centi · 
grade, for small t.em llCrllturt changes. 
Olive: A worro-nnd·gear d ri ve is used . To reduce irregu· 
la ri tie. a nd backlash t he worm is cut intcgra l with the 
I haft. The backlash is leas t han one·half worm div ision 
( there a rc 250 d iviaions per worm t urn fo r t he Typ.: 722·0 
and t he TYPt': 72Z·M ; ZOO dh'il!ioIIll for the TYI')! 722.1-1 . 
If tbe deaired K Uing is a lways approached in thc direc tioll 
ol incre8sing seale read ing, no calibra tion error from this 
caw;e will result. 
Terminlls: J ack· top hinding poII18 are providcd. S IlI ndard 
M·inch llpacing is used. The ro tor terminal is connected to 
tile panel and shield . 
M o unlin9; The condeuscr is mounted DO a n nlum;lluffi 
pa llel fillisbed in black crpcklc Ipcquer aud enclosed in II 

ahielded ... alnut cabinet. A wooden s torage case wi t h lock 
lind carr yin/f handle it included. 
Dimensions; Panel . 8 x 9 }i inches; depth, 8~ incllCl. 
Wei9ht: 10 YS pounds ; 19 M pounds wi th enrrying case. 

Code Word Pric~ 

122·F 
722·0 
722·M I i~ :~ ~~ ~~: '~~d ' ;00' i~ '1 '1 'OO '~~f~ di~~t ~~di·l;~ ·.:: ::: : ::: :::: : : 

o to 1000 "'1'1, di rect rending in capacito.nce removed from ci rcui t .. . 

CUBIT $85.00 
CII UBL 11 0.00 
COMIC 100.00 

..... o ln ' v 35.00 
WOIUlY 50.00 

WOfm,COllection C.libr.lion fOI Types 722. F and 722.M .... . . 
Worm,CoIIl!ction C.libration fOf Type 722·0 . .. 
Whcn ordering. usc compound code word . CUUITWORM Y. etc. 

QUARTZ INSULA nON 
Any TyPE 722 Precision Condenser can be obtained wit.h quartz insulation. 

Code Word Addilioflol J)riu 

Qu.rtz Inlul.tors ...... . . . . . . .. I QUATt S55.00 
When ordering, U8e com pound code .... ord, CUBITQUATZ, e tc. 
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RADIO CO. CAPACITORS 

TYPE 722-N PRECISION CONDENSER 
FOR USE AT RADIO FREQUENCIES 

USES; This condenser is a capacitance standard 
which has been designed particularl y for usc at 
radio freq uencies in series- or parallel-resonance 
methods of impedance measurement. It is also 
useful as a variable capacitor in radio-frequency 
bridges. 

DESCRIPTION: The fram e, bearing, and drive 
me<;hanism of th is condenser are identical with 
those used on t he other TYPE 722 Precision 
Condensers. The rotor and stator leads, how­
ever, arc not brought out in the conventional 
manner. In the TYPE 722-N Precision Condenser 
connection is made at the center of both plate 
stacks, spring-temper silver alloy brushes bear­
ing Oil a silver-plated brass disc being used for 
the rolor connecti on. 

FEATURES: The im portant features of this 
condenser are its low metallic resistance and 
low inductance. Both of these quanti ties are 
about one-third the magnitude of those in the 
TYr>E 722-D Precision Condenser. The accuracy 
of calibration is as good and the dielectric losses 

Panel vicw of the T't'l'~ i22-N Prccision Condenser. 

nearl y as low as in "he other TYPE 722 Con­
densers. 

SPECIFICA nONS 
Clpacitance Range: 100 to 1100 J.1p.f, d irect readinll'. 
Ro tor Plate Shape: Semicircular to give a li!Jeur capacitance 
characteristic. 
Standard Calibration Accuracy: T he capacit ancc. meU.'Iurcd 
a t JOOO cycles, is indicated dirL"C lly in microtnicrofarads b)' 
the dial ami drum readiugs to ± l J.1J.1f. 
Worm-Correction Calibration: A worm corrcc tion can be 
~ upl'lied ou special order. ($cc price lisl. ) A mounted dmrt 

l ulerior phowgraph of a T VPE i22-N 
Condenser with half til{) stator removed. showing 
th(l 1cadg and the method of I:onnection to the rotor. 

l:vpe 

722-N 1 100 to 1100 J.1j.l F, dire<:t reading .. 
Worm_Correction ~aJib'ation ....... ....... .......... . . 
When ordering, U1!e ootopound code word. IIox.;nWQlIloIY. 

is supplied giving the correctionS 10 at least one more figure 
thun the /l'uarau tecd accurac)' stftled below. 

When this correction is used. the capacit."lIIce can be 
determined within ±0.1 J.1J.1f or ±O.l %. whichever is the 
greater, and cap.~cit.auce differences can be measured to an 
accuracy of ± 0.2 J.1J.1for ± O. I%, whichever is the greater. 
Dielectric Supports: Two burs of s teatite support the SUItor 
assembly. and n third Imr insulates the high terminal from 
the paue!. 
Di~l~ctric Lones: The figure of merit , HwC", when measured 
allOOO <.:yclCll, is approximately 0.05 xlO-l!. (Sec discuS'lion 
Oil ·· n es;;!u,,1 Im pedances in Air Condensers" On page 40.) 
Other R~sidual Palam~t~lS: T he series metallic resistance 
is ,"I)out 0.008 ohm at I megacycle nnd increases dirt"Ctly 
ns the sq\L~re root of the frequene)·. The dielec tric li nd 
metullie losses arc approximately equal at a setting of 
1000 j.lj.lf and a frequency of 1 Me. 

The serieS iuduct.ance is approximately 0.024 j.lh. The 
increAse in cnpueilance caused by this induet.~nee reaches 
10% ul a setting of 1000 j.lJ.1f and a frequenc), of 10 Mc. 

At sttltl lLer capacitance settings the elTects of residual 
parameters (Ire leSS. The cqual division of losses occurs at 
20 i\1e for a setting of 100 j.lj.lf amI the 10% capacitm'ce 
rise occurs at 30 llI c for the same setting. 
Muimum Voltage: 1000 volts, IlCak. 
Temperature Coeffjci~nt: Approximately +0.002% per 
degree Centig rade, for small temperature chauges. 
Mounting; The condeuser is wountl>d on an aluminum 
panel finished in black crackle lucquer aud endO':led in a 
sl,ielded waluut cahinel. A wooden storage case with lock 
lOud carryiug handle is incimk>d. 
Dimensions: Panel. 8 x 9 Ys inchcs; depth, 8 H incbes. 
Net Weight: 11 .Y.i: pounds ; 20M pOunds with carrying e83e. 

Cod~ Word Price 

BOXJ:;R 

won~tY 

$150.00 
35 .00 

43 



 

CAPACITORS GENERA L 

TYPE 568 VARIABLE AIR CONDENSER 

USES: The TYJ>E 568 Variable Air Condenser 
has been designed for use as a tuning clement 
in high·freq uency receivers, transmitters, wave· 
meters. and experimental circuits. 

DESCRIPTIO N: The rotor and stator stacks arc 
each made up of several brass plates soldered 
into a single unit. The terminals arc brough t 
out at the center of the sLacks to reduce in­
ductance and resistance and to improve the 

high-frequency characteristics. Con tact to the 
rotor is made through a conical bearing kept 
under heavy spring pressure. 

FE ATU RES: This condenser is specificall y de­
signed for high-frequency work. The losses arc 
low and the termi nal arrangement is con­
venient where short leads are necessary. The 
shaft arrangement a llows several units to be 
ganged for landcm opera lion. 

SPECIFIC A TlONS 
C.p.cit.nce R.n,e: Four Siock modda are a " oi lnble as 568·K and 568· 1., with a frequcn c)' ralio of a l1lltOlliwD \.ely 
listed belo.... 3:1. 
Dielectric l oues: The figure or merit . RwC'-, ill approxi. 
mately 0.03 X 10-12, 

Supporb: End platC!l are or i.solanli le Ire_ted to preven t 
moisture absorption. 

Plate Shape: Slrllighl-line capacit.·lnce tor TVPF./J 568-0 and 
568- E ; approximately strpight.- li ue frc1luen cy for TVP ES 

Muimum Volta,e: 500 \,01",. peak_ 

Knobs: None supplied.. 
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3MTG.HOLES NO.2S DRILL 
C'SINK F'OR 6-32 F.H.M. S. 

Rotation A n,le: 180· for '1' \'1'1>8 568- 0 and 568- E. 2iO· 
tor 1'\' 1' 1'"..$ 563·K Imd 568· L. 

M ountin,: See aCCOlll lXlnying sketch. Drillillg template 
und 3 nat-head serew, tlre furnished. 

Terminal" Soldering lugs lire Ilro\'idOO. These are brought 
out from the ecntenJ of the 1IIIIte st.'1eka a nd or the maio 
pOllIa connected to the rotor. 

Sh.ft: ~_inch lmkelile rod . The shafl is remova ble, a nd 
when 8e\'eral units nrc ganged . II single IOllg shnft can be 
ullCd. 

DimensioM: See aCC:OUlII~nying skctch. OCllth (dimension 
A) is 21~ inches tor T n&s 568-0 Dnd 568·1\., Bod 31~ 
inches fot 1'VI'I'"..5 568-E and 568·L. 

Net Wei,ht: ~:{ pound for T n&s 568-D l.nd 568-K; 
1 pound for Typ~ 568· 1. : I Y.( pouods for Tnt: 568·E. 

Nom inal Caflacilanc~ 

T"" Jl1azillUlm Mi"imum Code Word Pric~ 

568·D 175 J'"I 1 3 J'"I CLO\' ~ $4.50 
568·E 360 J'"I 18 J'"F C I..oWN 1.00 
568-K 50 J'J'F 11 ""I CL.OI) D 4.50 
568·L 100 ""I 1 4 "" I CAGf. O 1.00 



 

RADIO CO. CAPACITORS 

TYPE 539 VARIABLE AIR CONDENSER 

'1'",,, 539-'\ Condenser. 

USES; The TYP I~ 539 Variable Air Condenscr 
is a general-purpose unit which can be used 
in experimental circuits or buil t into standard 

instruments . . :Manr manu facturers, including 
the General Hadio Company, have used these 
condensers as the variable capacitances in 
bridges, beat-frequency oscillators, standard­
signal generators, and other measuring equip­
ment. Different plate shapes arc available for 
differen t applications, and one model is availa­
ble wi th an insu lated rotor so thaI.. both rotor 
and stator may be above ground polen tial. 

DESCRIPTION: Three brass rods, ext ensions of 
which serve as mounting pillars, rigidl y support 
the two end pla tes. On each end plate is 
mounted a ceramic block, which carries the 
two rods to which thc stator is attached. This 
method or mounting insures low losses and 
fat ilitates the use of special plate shapes. 

In the mounted models, wh ich arc supplied 
only with semicircular pla tes, a lOO~division 
dial, using a friction-drive vernier , is providcd. 
Capacitance calibrations can be furnished to 
order on these units. 

FEATURES: This condenser is a rugged and 
stable uni t which is also low ill price. The me~ 
chanical design is such thaL it may very easily 
be built in to oLher instrumen ts, and the fact 
that special plate shapes are available makes it 
very adaptable for usc in oscilla tors, signal 
generators, and similar apparatus. 

SPECIFICATIONS 

Cep~cit~nee R~nge: Five unmounted and three mounted 
models buving the nominal Cllpacitances listed on the lIext 
page are s tocked. 

C~libr~tion: No cal ibr;ltiOon ig nOormally supplied with Ilny 
of the units. but the mounted models cll rry ;III engraved 
lIameplate which gives the actullllllaxiUluw and minimuUl 
capaci tllnee. uccurllte within 0.5 % of full scale. 

Ou special order a mounted calibration curve, accurate 
within 0.5% of fu ll scale. or a calibration table fOor 11 points, 
accurate within 0.5 % Oof full !!Cale, can be suppued for the 
nlounted models. (S<:e the price lis t on the I\Cx t pugll.) 

Dielectric Lones: The figure of merit. U('> C2, is approxi. 
mately 0.04 x 10-12. 

Insulated Ro tor Model (Type 539-T A): Direct capaci tance 
between rotor and s tator is given in the price lis t. The 
po ..... er factor of this C<lpacilance is lesg than 0.00002. The 
capacitance betw~n rotor and frame is 24 JI.". f ; that between 
SUItor and frame is 12 ".". f. 

Plate Sh~pe: Semicircular rotor plaho's giving Iincar capaci­
tance variation with setting are used on T YPES 539-J , 
539-K, and 539-L and on " II mounted models. 

Rotor plates for TYI'~S 539-1' and 539-1'A are cu t to 
give II linear frequency variation with scUing over 255· or 
a JlOSsihle 270· angle of rotation ..... hen a capllcitanoo of 
25 JI.".f is connected in parallel wi th the cOlldcru;er. T he 
ratio of maximum to mini mum frequency thus obta ined is 
approximately 3:1. 

Maximum Voltage: TYPE 539-J i~ rated atl i OO volts peak; 
T YPE 539-K at 800 volts. peak; and TY I ,~:g 539-L, 539-T , 
and 539_TA at 550 volts, l>eak. 

KnOobs and Dials: l\ loun tcd models are furuished with 
fdeliou drive dials haviug 100 divisions in 160·, hut nunc 
is ~upplicd with the unmounted models. Note that a ll 
models have ~-inch shafts and tha t T YI'l::s 539~T and 
539-1':\ require 0. scale sllread over 270·, ill~tead of the 
180" req uircd by the other types. 

Terminals: On unmounted models. soldcring lugs are 
Jllounted Oon the lower ceramie SUPI)Ort. 'I' lie rotor eOIl­
oection (or T \"I, t; 539-1'A is brought out through an iso­
lantile bushing in the rear end pla te. Mounted models 
have jack-to t) binding" JlOSts mOou nted on the "ancl. 

Mounting: TYPES 539-A. 539-B. and 539-C arc mounted 
Or) (In nluminum I)(tnel and ellelO!lCd in a shielded walnut 
cabinet. All other models are uumounted. 

Dimensions: UnmOounted "lOdel", see acoomf'llIIy ing out­
line drawing: depth behind panel (A) 6 inches. over-Il l!. 
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Mounted wodelll , panel, 6 ", x 6}i inches; height, 8 M Net Wci,ht: Approximately 2M pounds for unmoDnte.:! 
inchea, over-all. models ; 7 poundll ror mounted models. 

UNMOUNTED MODELS 
Nominol Cupacilance 

Type M a%im llffl Min imum f' lale Shope Cede Word Prin 

539·J 500 ""I 40 1',,1 Straight.line C.p.dlanee . . . I)ISCONTINU~;I) 

539· K 1000 J'" f 40 1'1'1 Straight-line CapacitanCI . . .. ... ... . "TONK I $11.00 
539·L 2000 ""I 40 1',,1 Straight.line CI~cit.nct ... ', ... . .. ..... . . . IlISCOS T l l" l)lm 

539-1 500 1',,1 30 "",I Strtight.line F,equency . .. . . UISCOI'TI1<; I)EIl 

539·TA 500 I'l' f 18 ""I Straight. line Frequency, Insul. ted Roto r . DlSCO:-<T Io'< UEU 

MOUNTED MO DELS 
Nominol CoPfUilonu 

Type M lu:imllffl Minimum Code il'IlI'd Pr i" 

· S39·A 500 Io'J,11 SO ",,,, I DI /K:ON TI /'I' UIl O 

*539-8 1000 ""I SS J'I" .. !$SET I 123.00 
*539·( 2000 /oil" 60 ""I I.Il SCO/\;TI/\;l) lm 

Mounted C.libration Curve . ........ ..... . ... .... .. .... CURVE ' .00 
11_point C.libr.tion T.ble .. .... .. ..... . . ... . . . . . . .. CH AnT 3.50 

"'OIIlihNotionlO .upplled olll y ... hen ordered. UN oomJ>\>U nd code WOI"<k . ....... yC ...... T. A".I<TC .. AIIT. Or ...... I<IIC ...... T. 
PATENT NOTICK Soo Not.. 11, pal" vi. 

TYPE 368 VARIABLE A IR CONDENSER 

USES: T he TYPE 368 Variable Air Condenser is 
useful as an auxiliary balancing or trimmer 
condenser in bridges, oscillators, and similar 
equipment. It is also used as a tuning or trimmer 
condenser in high-frequency receivcrs. 

DESCRIPTION: Soldered brass plates arc used 
in this condenser. T he stator is mounted on a 
single isolanli lC end plate. An angle bracket. is 
provided so that the condenser can be mounted 
eiUler on a baseboard or on a panel. 

FEATURES: T he TYPE 368 Variable Air Con­
denser is compact and easy to moun t. I t has 
ext.remely low losses and low minimum ca­
pacitance. 

SPECIFICATIONS 
C.p.dl.tncc: R.nse: Three ~ t()(:k models a re available as 
li.1OO below. 
PI. te Sh. pe: All model. hllve tt rnight-line-c!l pn<::i t.ancc 
pili to!$. 

TWO- HOLE MOUNTING " ONE-HOLE MOUNTING 

2 HOm NO ~~REAOEO NECK 

I--x-J. i~ 

T.",~ ,\I(u:il1luII! M in imum 

368-A 15 I'l'f , ~I 

368-8 50 I'l' f 3 I'l'f 
368-( 100 1'1" 4 1'1'1 
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Dielectric l oueJ: The figure or merle. flwel . is approxi­
U10tely O.OO ~ x 10-12. 
Support: A ~i ngl c. isolanti te eud plalc IIUI)/lOrla the entire 
81S!1C1Ilbly_ 
Maximum V oll.tge: 500 ~-olla. ped:. 
Knob : T YI'E 637-A Knob is sUPI.lied wi th 1111 unila. 
Termin. I,: A soldering lug is provided al a ' lll to t termi"al. 
Contact to t he rotor i, made t hrough t he tl llgie bracket or 
, hoft bushing. 
M o unting: A bushing is provided for l ingle·hole panel 
IIlounting. nud II brack.el is provided for bruse bon.rd mount. 
iug. (See accompanyiog , ketch.) 
Dime rn ion,: See nccornl)anying sketch. Del)t h (dirnen$ion 
Xl is given in the w.hle below. 
Net Weight: T rp8 368_A. 2 J~ ouncee; T VI'E 3M-H. 3 }4 
ouncet: T rPE 368-C. 4 H ounces. 

Depfh ( X) Code Word Price 

t~ in . 3Ul-l-Y S .90 
I in. RUlli /\; 1.00 
I ~ in. U URF. 1.50 
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TYPE 509 STANDARD CONDENSER 

USES; These condensers are fixed !:ilandards of 
capacitance for laboratory usc. When Lhey are 
used in conjunction with a 'fYl''': 722~D or a 
Tn .. ; 722~M Precision Condenser in a parallel 
substitution met hod of measurement, precise 
measurements of capacitance up to several 
microfarads can be made. For condenser 

manufacturers who maintain a capacitance 
standardization laboratory, a set of TYP E 509 
Condensers, used wi Lh a T ¥PE 7l6-B Capaci­
tancc Bridge, is recommended. 

DESCRIPTION: Each TVP F; 509 Standard Con­
donset consists of Lwo T V}>E 505 Condenser 
Units which have been put through an addi­
tional aging process. T he final accuracy and 
sta bility a rc thus increased marked ly. The 
units are mounted in cast aluminum cases and 
arc furnished wi th jack-top binding posts. 

FEATURES: In addition to being"ery accurately 
adj usted and stable, the T YPE 509 Standard 
Condenser is a compact plug-in unit which can 
be used wit h extreme convenience. T he tenni. 
nals arc so arranged tha I. several units may be 
stacked one upon the other without llsing leads. 
T here is no cUlllula ti ve connection error- when 

. the condensers are so stacked. so that t hese 
units can be used in parallel in much the same 
",'ay that precision gauges are added in me­
chanical measurements. 
os...o n . ~'. ~·~d . " Con """'; n~ ..: • ..., .... in c..., .. d .... "oo Mcuu . ... no"t.. .. 
G~".,..nJ nudio E:zptr i_ nIN. Ja .. ua. y. J?:J.8. 

SPECIFICATIONS 
Clplcit.lnu: T en stock units a re a "aih,lJle R$l is \cd Ix:low. 

Accu.acy of Adjustment: Each oontlenso::r is cnrefully ad­
j us ted wit hin 0.25% of lhe nomina l cUllltcita ncc " ulue 
engra "ed ou t he case. 

Accu.acy of C. li b"tion: Afte r each condenaer hU$ been 
aged. adj usted. III't.! mounted. i ts ea paci lnnce is measured 
III cll rcfully ,.~ possib le. lind t he value of capaci ta nce. aceu­
u le .... it hin 0 .1 %. is enteroo on a cert ificute o f cnlibratiou 
wbich ill I.",cked ... i th each uni t. 

Su,bility: Over rensonllble periods of ti llle (e.g .• one yen . ) 
each condenser will 1I1ui ntu in i ll! ca li brn ted vD lue ... ithi n 
0.1%. 

Tempe.atu.e Coeff icient: I,CS$ t hll o +0.0 1% per degr ... 'e 
Cell t ig rnde between 10· und 50" u lIlig rnde. 

Power Factor: The power fllctor of nil uni ts. when measured 
at 1000 cyeles and Z5" Centigrade. is lesa t han 0.05 % . 

F.equency Cha r.ct ,ui~tic~ : The frequency cI,u rae teristies o f 
these uni ts a re s imila r to those o f the T n 'E 50:; CondclIlICr. 
(See Iluge >1 8. ) 

Luk.ge Resistance: The lea kage res i~ tauce , when measured 
at 500 vo lts. is grea ter thun 100.000 megohms except for 

Typ< 

the TYI'F,s 509-U. 509-X . and 509-Y. I n thelle uni t. the 
resistllnce is greater thn n 50.000. 20.000, anu 10.000 meg­
ohm., reilllocti vely. 

M.ltimum Voltage .nd F.equeney: The maxim um pe(lk 
voltuge is 500 voils. at fr('(luencics 0010'" t hc liu,i ti ug fre_ 
(IUencies labulllted I.Jelo ... . ,\~ highe r frequcncic. t he II l1ow­
II ble vo ll.llge decreuses lIud is illve.-.el)' prol>ortionlli to l l,e 
squa re root o f the f.-.:q uenc),. These limits cor respond to a 
letn pem ture ri!IC o f ,10 · Cen tigrade. 

M o untin g: Cast a lu u,iuum Cllses a re used . 

Termin.k Two jack-tolll.lind illg roo;I tll gpnced !~ of on inch 
a pnr t nra m ou n led o n t hc C"HC. One tcrm;"nJ i3 g rounded . 
and the o ther One i~ insuloted b)' w ealls of a low. IOllS 
bakel ite b llilhing. 

Diment iont: Small ease. (lengl h) 4}i jnchCll x (width) 
2 J.i inehes x (heigh t) I ~ i(lchcs. on·r-all. Large cuse, 
(knglh) 6 inches It (""idth) 3 H: inches x (height) 2 ~ inches, 
ove r-a ll. 

Net Weight: T n 'JOg 509-F. -G. I M pounds; T n EIl 509- K. 
. 1 .. _1\1, 1M pounds: T YI' t:S 509- H. _'I'. 2'" pound~; T nH 
509-U. 2 r.i" pontius; T yn : 509-X. 3 M po unds; T \"I'" 509- Y, 
3~ pounus. 

full: Word Price 

S09· F 0 .001 ,.,f I 500 2500 kc Small GOOI)(:O .. <DO Y S12.S0 
S09·G 0 .002 ,.,f '00 1 2~0 ke Small t)OOOCO:O;- RUG 12. 50 
509-K 0 .005 ,.,f 500 500 kc S mail GOOUoCO;>;C"T 1 2. 50 
509 · L 0 .01 , I :;00 250 ke S mall (lOOI)(:O:S DOG 12 .50 
S09· M 0 .02 , I ~OO 12;; ke Smnll (lOO()CO/'iF.\·t; 15 .00 

509-R 0 .05 , I 500 60 kc La rge COOI>CO;>;I' IC 1 8 .00 
509·T 0.1 , I :; 00 ·10 kc Lu rge tlOOllCO:S 110 1> 22.00 
509-U 0.' , I ;;00 20 kc I_~ rge ooooco;>;$':o;- 25 .00 
S09-X 0.5 , I 50. 8 kc l.-Ilrge (001)(:0:0;-;;0)1 32.00 
509_Y 1.0 , I 50' H, l..a rge GOO1)(:O;o<TOP 48.00 
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TYPE 505 CONDENSER 
USES; The Typ!;: 505 Condensers are con­
venient and accurate plug-in units which can 
be used as secondary laboratory standards and 
circuit. clements in all types of equipment. An 
assortment of various sizes is indispensable 
to any communications laborat.ory. 

DESCRIPTION: The condenser unil, consisting 
of a mica and foil pile. is held by a heavy melal 
clamp. Tbis unit is placed in the low-loss 
bakelite case and surrounded by silica gel and 
ground cork. The clamp is not. connected to 
either condenser terminal bu t. is left non ling. 
The whole uni t is covered with paper and 
scaled wilh 'vax. 
FEA lURES: In addition to being small , con­
ven ient and accurate, the TYPE 505 Condenser 
has excellen t stabilit.y and very low losses . India 

mica has been chosen because of it.s elect.rica l 
characteristics, and I he mounting method llsed 
makes the capacitance practically independent 
of temperature and the power factor inde­
pendent of humidity. Every piece of mica is 
inspected for mechanical defects and other im­
perfections, \v hich might cause large dielectric 
losses. 

Each unit is carefull y aged to increase 
stabili ty and is heated to eliminate moisture 
before scaling. Silica gel in the case absorbs 
any moisture which may collect on the con­
denser after it is in use for some lime. 

Low-loss (yellow) bakel ite cases are used to 
insure low power factor and low leakage con­
ductance. The plug-lype terminals permit the 
condensers to be stacked in parallel and so built 
up to any required value of capacitance. 

SPECIFICATI O NS 

Capacitance: T he sixes listed in the price list ore 8vnilnble 
fr()m stock. 

Accuracy of AdjU$lment: All uuits nrc ndjusted within I % 
or 10 micromicrofnrnds, whichever is the Illrger. 

Temp,uature Coefficient: The lemp<lrllture coenident of 
capacilanCC is 1e8>! thall +0.01 % per dcgree Ccntigrade 
between 10· Illld 50° Centigrade. 

FICi:qllency Characteri$tic~: The cffectivc t.mninai cap<lci­
t<lllCC is essentia lly coll~ tanl O,'cr a widc frc'lucncy ranJ;c. 
At "cry low frequcllcics <I vcr y slil;ht rise in capacitllllce 
occurs because uf dielectric n hsorption. A t high frequencics 
a ri>!C is c<lused by a re.~iclulll inductllnce of about 0.055 iiI.! 
which is effectively in series wi th the condenser. The effect 
of this inductance on t he cal)''1ci t..'1 nce of scvcrlll TYPE 50.'; 
Condeusers is showu iu thc accompanying Iliol. 

Po wer Factor: Thc power f3ctor of 311 units, cxccpt the 
thrcc sl/",lIest sizes. IllCH811rcd <It 1000 c)'cles and Ilt 25° 
Centigradc. is less than 0.05 % . .Because of the incr"asing 
effect of thc losses in the bl,kelite casc On the power factor 
as the capaci taoce dCCreilSCS. lhe power factor. a t 1000 
cycles aud 25· Centigrnde. of the T n ',;:! 505-,\. 50S- B. and 
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This shows the increasc in c~JI)acitaoce III high fre­
quencies which is caused by the scrie~ inductance of 

the oonllcnscr te rminnls Bnd leads. 
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~ ~ !Ii: 
, 

• • 

I r-- , , I V .. .. ~ . " •• "., 

D issipation fuctor of Tn·1'. 50:; Condensers as ~ fun ct ion of rrellne ,,'::),. 

505-1.': ij JellS lhou 0. 1 %. 0.08%. and 0.06 %. respectively. 
/.. change of abou t +5% of its val ue OCCUIlI in the power 
faclor for a temperature rise of I " Centigrade. 

The changes in power factor ",ith ('(.-quelle), lire ShOWlI , 
for &Ollie w lI1 ple condenser'S. in the accomPllnying plot. ,\1 
"Cf)' 10 .... frequcnci C!l. the rise in power f"'clor is tllum by 
losses due to dielectric absorption. At the high rrequcnciell 
the rise is coused by the effec::t of the 8Cril:tl retiSt(lnce in the 
leads oml termiuuls. This resistance. prOClicoll y independent 
of capucit;HI~., vlIT;e! as the squnTe rool of the frequency 
becnuse ofBk;n dfllC t Ilnd is about 0.03 ohm 011 mcgucycle 
and nbout 0.1 ohm lit 10 IlICG'ucycics. The elTeet or this 
resistance on lhe power fao;lor is increased (18 t he ca pu<,ilunce 
increll$es. 
ltak.g~ R~5istanc~: T he leakage resistance. wben mellSured 
at 500 volloJ. is greater than 100.000 megohms. 
Muimum Voltage .nd Fn:quency: T he muimum peak 
voltage which the cundensers will safely .. i th~l:lIld is 500 

2 MTG. HOLES 
1010.16 OAtLI.. 1101"-... URGE CASE -01- f SMAI..l.. CASE t ,om 0 0 11 _ CASE . . .... :f ...... 
2 MTG. HOI..ES / - N 
NO. 18 01'111..1.. I O ~..l.j IN I..ARGE CASE 

~~ 
T.vIle CUlHlr.iI""fe 

SOS-A 100 ppl 
SOS·8 200 1-'1-'1 
SOS·E 500 ",,1 
SOS·F 0.001 " I 
SOS·G 0.002 " f 
SOS·K 0.005 pi 
SOS·l 0.01 " SOS·M 0.02 " 

"SOS·R O.OS " "SOS-T 0.1 " "SOS-U 0.2 " "SOS·X 0.5 " 
"""ouo\.,<1 in In<~ aloe. 

volls for all bu t lhe two 8rnullcst unils. which will withstand 
700 voll$ !)ell li. . As lhe rrequency of It C()n~tlt" t nl)plied 
vollage inereulICS. tim power dissipnled in the unit al$O 
inerell.$C$. If an a-c vollnf,'e.. whose maximum vnlue equals 
tbe allowable peak voltagc pr(wiously s lloCCilicd, is Itpplied 
to the condense .... Ihe rollowing table show8 the nlallimum 
allowable fre(tuelley. T his lable is hosed on the ubilit.y of 
lhe unils to d i~ipllte 1 wa tt. For billher fre(tucoeie8 the 
allowable vollage dt,erellifeS ulld is in"e~ly proportionl\ l 
to the Ilquare root of t he rrequency. 

T.vM "·rcqUCIICJ' 

505-A :WOO ke 
505-U 1000 kc 
505-£ 980 kc 
505- F 800 ke 
50:;·(; 400 kc 
50.j· K 160 kc 
s<l5-L 80 lic 
505-\\1 40 lie 
50.~ 1\ 40 lic 
505·"]' 20 kc 
r,O.i-U 10 ke 
50.j·X ·1 kc 

Termin. ls: Screw ter ",iU(lls~pnccd %" inch APort. Two "1' \" 1' '' 
!!i-I-P Pl Ug>! are sUI)pl ied ... ith each ~'() nd ('.ll$er $0 lh~t it 
may be convcrted 10 n pIU I{-lermi U(l1 model. 

Mounting: Lo ... · loss b'ellow) bakelite Cases. 

Dimensions: See sketch. O,·cr·al1 heil{h l . I H inr hell fo r 
large elise. I inch for s lIIall case. e~du$ive of ]llug8. 

Net Weight: .l ounC(!lj. 

C()(f~ LI'",d Priu 

CO.~O~N"" ' .Y 53 .50 
C()NIII>.~ 'U:L.L 3.50 
CO"" " I>NCO" T 3.50 
CO.~ I) P.N I) ""M 3.50 
CO.~IlI>N"\""": 3.50 
(:O"' '' '':'''''''CT 4.00 
C01<DP.NC ' "1. 4.50 
.cONOI'!NUO:"" S.SO 

C01< I)':"'·C"I.)1 6.50 
CONOENCflOW 7.50 
CONOR",' WII'O: 12.00 
C0 1<IlI':NWU.T 20.00 
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TYPE 219 DECADE CONDENSER 

USES: The TYI'E 219 Decade Condensers lind 
uses in every laboratory as tu ned circuit 
clements, bridge impedances, Hlter clements, 
or as components of an y circu it. where a wide· 
range variable condenser is necessary. 

DESCRIPTION: The TYPE 219 Decade Con­
densers are assemblies of three TYI'E 380 
Decade-Condenser Units mounted in a shielded 
cabinet. Each decade has eleven posi Ljons, 
o to 10 inclusive, so that. the decades overlap. 
A positi ve detent mechanism aJlows the switch 
to be se t accurately. 

FEATURES: The TYI'E 219 Decade Condensers 
are direct-reading units covering a wide fange 
of capacitance values. Although not designed 
as standards, their accuracy is sufficient fol' 
most laboratory work . The 7,ero capacitance 
has been kept at a minimum and its value is 
marked on each box for ready reference. By 
employing mica condensers on all decades ex­
cept. the O.l-microfarad decade of t.he Tn]:; 
219-M, the power facLor has also been held low. 

TyPE 219-K uses mica dielectric throughout 
and has many uses where t.he comparatively 
higher losses of paper condensers cannot be 
tolerated. 

SPECIFICATIONS 
Accuracy, All uni ts (I re uceu rale at the d~de termilla ls 
with in 1%. exccpt tile O. I · " licroforad decode of the Tl' l'~ 
219-1\1 which i8 wi thin 2 %. To ohtnin these nccuraci~ ut 
the box terminuls. {lecounl muat be taken of the elfective 
~ero e(lpucit(loce of the IN". which is Ulade up of the t.rue 
zero cnpllcilance aud the mutunl cupueilnnce between un i L~. 
The "a lues for the di fferent bo"C$ fo llow ; 

219·K 
2 19-i\I 

Effectil"( Zero Cupacitance 

The;!C YRlucs :are engr:woo 0 11 lIle Instruct ion Plate ou 
e"~r)' box. 

HC$idunl impedances in the T\"I'~ 219 Dl'('a(/e 
Condell!er. 

Power Faclor, T he l)Ower fnctor for the ;n(l;"id"ul dL'Cades 
is g i ~en in the speeific{ltion.\l for the T \" '1e: 380 Dec.'lde­
Colld <: lliS('r Units. For the lhn-e lowcst Rteps of t he lhou­
Mndlh~" l)i erofull, d decades. the ta bula ted Yallles wi ll be 
eXC(led<:d oc'Cau>IC of IOi!iies in the l.cro cA pncit{lnce. 

M u imum Voltage and Frequency, These vallle~ fo r the 
differen t dc<:nd r.tl fire given in the s l)eeifiCu lioll.\l for the 
TV PI-: 380 DCC{lde-Condenser Uni te. The limiting .. alues 
for the di fTerent T VPE 2 19 DI.'Cade Condensefll are engra\'ed 
on the I nllruetion Plnte for ench bo". 

Frequency Characteristics; The "nri(ltion in enpacitunce and 
power factor with frequency i~ similar to that shown on 
page 51 for T YPE 330 Decade-Condenser Units. modified 
by tile ChIHII<:l<: r isti<:>l of the ,,·iring. coustanlil for which life 
shown in the IIcoomp""ying sketch . 

Terminals: Stll ndllrd jllck-top bi nding l)OSts with a M·ineh 
Sl)oeing ure usc .... The shield i~ connected to tile "G" 
tcrminfl!. 

M ounting: The decad es are u.\Isembled on nn Alllminllm 
ptlllclllnd lIIounted in II shielded w{llnut cnhinel. 

Dimensions: "(' nES 2 19-K and 219_i\1. (length) 13 ~~ x 
(widt.h) 53-i x (height) 5~i inchCII. 
Net Weight: TYI'Ie: 2 19·K. 1 0~{ \)()u llds; Tnt: :! 19-i\1. 8% 
pounds. 

Typt CUpaCi/UIIU IYO. of Diol. 
Typt :ISO 

Decadu Used Price 

50 

219·K 
219·M 

1.110 }lfinO.OOl }lf steps 
, ., 1 0 ).If in 0.001 ).I f steps 

3 
3 

F. i\ l. N 
L. ,\I . N 

CROSS 
8RIE" 

590.00 
45.00 
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TYPE 380 DECADE·CONDENSER UNIT 

USES: The Typ!:: 380 Decade~Colldcnser Uni ts 
arc extremely useful as elements in tuned 
circuits, wave fil lers, and other experimental 
or permanent equipment where a raLher large 
variable capacitance is desired. They arc also 
useful in oscillators, analyzers, am plifiers, and 
similar apparatus, especiall y during the pre­
liminary design period when exact values for 
different capaci tances are to 00 determined by 
experiment. 
DESCRIPTION: Each decade is an assembly of 
four indiv idual mica or paper condensers. A 
selector switch is arranged to make parallel 
combinations of the units so that anyone of 
len values may be obtained. 

The switch is oC rigid construction and 
carl' ics a detent mechanism fo r positive location 
of the switch positions. A bakel ite shafL is lIscd 
and contacL is made by meaos of cams bearing 
on phosphor-bronze springs. A brass shaft 
bushing is molded in . This switch toge ther with 
dial plate and knob is available separately as 
the TYP E 380-P3. (See price list.) 

All standard units are furnished com ple te 
with knob, photo-ctched dial plat e, and stops. 
FEATURES: The TYPE 380 Decade-Condenser 
Units arc carefully aged and assembled so as 
to be stable and rugged. The smaller decades 
consist of molded mica condensers while the 
mica O.l-microfarad decade employs TyPf: 505 
Condensers. The paper condcnsers that are 

TVI'!> 3110-1". 

used arc thoroughl y impregnated wilh molten 
ceresi n during windillg. A nOll-inductive type 
of winding is used, with the foil projecting at. 
each end of the ron , thus avoiding the large 
increases in power factor and effecti ve capaci­
tance which oceUI" at. high frequencies when 
onl y the ends a rc connected. 

n ear Vic .. · or T,· j'E 380_ 'I. 

51 



 

CAPACITORS GENERA L 

SPECIFICATIONS 
Accur~cy; All units are within 1 '70 when measured al 
1000 cycLea except the T ~ PE 380-L, which is accurate wi thin 
2%. T he units arC checked with the switch IUL,<:hanism 
high. elect rically. and the common lend and case grounded. 

Dieledric: The Tn' ..: 380-F is made up of 'fyl'''': ;;05 Con­
densers which have mica os the dielectric. Tile T YPE 380-L 
uses ceresin-impregnated li ncn-I)U I)Cr condenser un i ts while 
the TYPE 380-M and TYp~: 380-N use mica condensera 
molded in bakelite CSlses. 

Power Factor: The power faclor of t he dilTcrcnl units, when 
measured at 1000 cycles nnd 25° Centigrade. will be less 
tha" the ~·"luCli in Uu" following table, wi th t he exception 
of the th ree lowest settings of the T vp t:s 3110-]\'1 and 380-N. 
~I ere. beCUILSC or the losses iu the swi tch and mounting, the 
tabuir.ted power factor may be excccd~-d by a sl ight a mount. 

1'ypt Pou;er F{J.c/or 

380_F 
380-L 
330-i\1 
380-N 

0.0:'% 
1.0 % 
0. 1 % 
0. 2:'% 

Frequency (h~r~cle r istics: T he varia tion of clllmciUlnce and 
power factor witlJ [requeuc), is shown in t he accompanying 
plots. T he rise in capacitrlllce at low frequencies i~ caused 
by interracia l polariza tion in the dielectric, tha t a t high 
frequenciea by seriC!! imlncUlnce. T he dissiV.'ltion factor 
riae~. t low frequencies beeause of the loss in the dielectric; 
lind at high frequencies b('cause of series metallic resist.nuce. 

Maximum Voltage and Frequency: The maxi",um veuk 
voltage which the units wi\laufely witbstn.ud ia 300 volts 
with the exception of the Tn'E 380-F which will withsta nd 
500 volta .lv$ the frequency ofthe applied vol tage increases, 
the current increasca and mOrC power must be d iss ivllted 
by the uni t. lu order that tbis pOwer does IIO t l)C(:ome ex­
cessive. the frequencies listed here mus t not be exceeded 
when pea k ~'o l tages equ~1 to the ma)[ima just specified are 

Over-all d imensions of T n 'ES 330-1.. -M . ond -N 
Decade-Condenser Uni ts; dimension A is 3~{6 inches. 
While Tl'f'~; 380-F uses the same $witch mechuniSlII. 
CQndensers a re mounted Oil both sides of the switeh 
and the pancl space required is "U x " .!i' inches. 

applied. For higher frequencies the maximum safe voltage 
decreases liud is inversely prOl>or Lionul to lhe square rool 
of the frcqucncy. 

Type 

380-F 
380-1. 
380-;\'1 
380-N 

;:. kc 
I '0 

100 kc 
1000 ke 

Termin"ls: F lexible, rubber-inBuluted leaus lire proviued. 

M ounting: i\'lachine screws for a Uucl,illg the decuue to a 
paDel are auppiieu. 

Dimensions: T YPE 330- F. p.'l.nel space. 4 M " 4 .!i' inches; 
behind P:)1le\, " inehC!l. 'I' '' ' '£':S :\80-L, :\80-i\l , and 380-N, 
sce accompa nying sketch. 

Net Weight: TVI'I! 380-F. 3 pounds. 12 ounces; TVPE~ 
380-L and 380-i\'1. I H pounds; T Yl' t; 3BO-N. I pound. 
6 ounces. 

""_L ~ -I-

" 
"'<", 

0 0 

,~ 

(LefO Change in cUfillcitanoo as u func tion of frequency. The capucituncc curv ClI are ref.,rret! to the va lue the 
condenser would have if there were 110 in terfacial pOlarization and 110 series induetallcc. Since the condens,crs are 
adjusted to their ra led accuracy at 1000 eycles. the 1000-eyele vai ueon the plolsshould be used a,; II busis of rd erent<.' 
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380-F 
380-l 
380-M 
380-N 

380-P3 

in estimating the frequency error. 

(Righi) Dissipation factor as a fnnnti"" of frequency. 

1.0 ,..finO. 1 
1.0 ,../ in 0.1 
0.1 ",I in 0.01 
0.01 ,..1 in 0.001 

Switch Only, .. 

",f steps 
",f steps 
,..1 deps 
,../ steps 

Ctxft lVord 

Acun: 
ADA C E 

AO OER 
ADD !.F. 

8W1TClll'OR D 

Prict 

S58.00 
10.00 
12.00 
10.00 

5.00 



 

RADIO CO . INDUCTORS 

TYPE 106 STANDARD INDUCTANCE 

USES: The TYPE 106 Standard I nd uctance is an 
accurate standard of sclf·inductancc for usc in 
bridge and other measurements at aud io 
frequencies. 
DESCRIPTION: An aslalic form of mounti ng 
is used wherein two D·shapcd coils arc mounted 
parallcl to each other. The coils arc form 
wound, bound with tape. and impregnated 
with wax before being mounted. A mini mum 
of metal is used in the mounting, thus mini· 
mizing variations in inductance with frequency. 

FEATURES: Low and !learl )' constan t resistance 
a t audio freque ncies is insured by the usc, 
wherever practica ble. of s tranded wire in which 
the separate strands arc insulated fl'om one 
another. 

The inductance has been made independent 
of surroundings by using an astatic form of 
mounting in which the lields of t.he two coil 
sccLions neutralize eaeh oLher in regions 
external to the case. Thus, interaction between 
external fie lds and the fie ld of the inductol' is 
reduced to a minimum. 

SPECIFICATIONS 

106·1. 
106·G 
106· J 
106·K 
106·1\1 

Nt>",in ,,1 D·C 
flui#/OI'u 

0.18 f! 
1.80 f! 

12.2 n 
85.3 n 

;;.15 P-

,HII%i"'"11I 
CUrrtrl/ 

3.5 II 
1.0 It 
0.5 II 
250 ma 
150 rna 

ACCUI.CY: All unilll arc lIujUliled .... ithin :1:0.1 % a~ 

1000 cycl~. 

Resistance: The rn-is lnncc ul 1000 cycle, j, the samc a, the 
d·c rcs i$to nce. Thi$ resiSlllncc. toget her wilh the teUl I>era· 
tu re. i8 entered on n ccrt ilicute mounted all the bottom of 
the cabinet when the iuductor is measured ill the Slfllldurd· 
izing 1~1horll tory. The nominal ,·alu<.-s ore givcn in the 
table 1l001'e. 

Tcmpcr.turc Coeffi cient: The temperature coefficient i$ IOI8 
thell :1:0.00 I % l)Cr degree Centigrade. 

Muimum CUllent: Sec ta ble. 

l outs: The maxiuII.lln VAlue of the atorage fAc tor Q - ~. 
and the fre(IUe,\C)' for "'hieh it oceUl'$ for ellch ~i ~e (Ire ,i"en 
in the t(lble. 

Frequency Erlol: Di~regarding skin elfee t tbe frAe tionul 

change in inductance wilh fl'(:q ucney i ~ pl!i where! is 
OpCruting frequency uud 10 the uaturul freqlleney. At QlIC' 

Ienth the Datural fl'(:queney. therefore. the error i. 1%. 

T~lmin,l s: Binding posts arc pro,·ided. 

Typo Ind~IC/flnu 

106·l 0.1 mh 
106-0 1 mh 
106·J 10 mh 
106-K 100 mh 
I06-M 1 henry 

Jl1(1:.:imum jo'rtqutncy It>r N(I/~tr(l/ 

0 MaJl:inUlln Q f'requtllty 

:no 300 kc 6000 kc 
19' 150 kc :WOO kc 
) ,0 60 k' 500 kc 
80 20 kc 150 kc 
40 , kc 35 kc 

Moulltin9: ,\11 unilll are u!Me rnhlcd in """Inut c.o bineta with 
bakelite Jl.1neb. 

Dime nsions: P"nei. ~~ ~ S~ inches. Cnbinct. (height ) 3}i 
inch",;. ovcr-;..ll, execl,t '1' \'1'" 106· )1 which i ~ 5~ incl.es, 
o\'er-ull. 

Nci Weisht: "llllrOxirrlalely 2% pounds. e.~cel)l T ," 'I:: 
106·i\1 which is;' pounds. 

Code Word Priu 

I N~I:: I' $25.00 
' ~J::I\T 25 .00 
" lATE 25 .00 
ISLET 25.00 
ISSU It 30.00 
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INDUCTORS GENER A L 

TYPE 107 VARIABLE INDUCTOR 
USES: The TYPE lOi Variable inductors fmd 
their greatest uses in lhe laboratory as stand­
anls of moderate accuracy for measurements 
of self- and mutual inductance, and as com­
ponents of bridges, oscilla tors, and similar 
equipmen t, where a vadablc inductor is needed 
as a circuit element.. 

DESCRIPTION: Two coils, a rolor and a stator, 
are mounted concentricall y. As the position of 
tbe rotor is changed the (''Oupling between the 
two coils changes, and the inductance is varied. 

In most models stranded wire is used, in 
which the separate strands arc insula ted from 
one another. The coils arc impregnated and 
baked in a higlHllciti ng-point malerial before 
being securely mounted to t he bakeli te panel. 

FEATURES: The TYPE 107 Variable Inductor 
is direct reading in ind uctance fo r both series 
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and parallel connections of the coils. The in· 
ductances of the rotor and stator have been 
carefully equalized, and the coils arc so moun tcd 
that the inductance for the parallel connection 
is exactl y onc·fourth the vulue shown by the 
dial for the series connection. This equalization 
oC the two coils also eliminates losses (rom 
circu lating currents when the parallel con· 
Ilcction is used. 

Separate terminals are brought out for both 
rolor and stator SO that they lllay be quickly 
connected in ei ther series or parallel as a self­
inductor, or used separately as a mu tual 
inductor. The formula for the mutual indue· 
tance is given on the nameplate together with 
the value of d-c resistance and maximum 
current. 

Other features of these inductors arc their 
permanence of construction, low losses. and 
high eurrent-ca rrying capacity. 



 

RADIO CO . INDUCTORS 

SPECIFICA liONS 

Se lf- Inductance Range: Five siu'8 arc IIvaii(lblC in s lock 
covering a to tal range of approximately 1.7 Itlicrohcnrys 
to 500 millihenrys by the usc of both the series and parallel 
connections. Maximum aud minimum values for bolh con­
nections are shown in t he price list. 
Mutua l Inductuce: Either posi tive or negative ""Iucs of 
luutn"l inductance call be obtained. The elCllct formula ror 
t he m utual induc tance is engraved on each indiv idual 
instrument. The npproxinlntc ranges arc given in Table T. 
( " Iibralion: T he inducta nce for the series connL'<:lion. 
measured at 1000 cycles and a(:(:urntc withill I % of full­
sca le reading, is engravl.!d on the dial. T he inductance for 
the pnrallel connection is within 0. 1 % of onc_fourth of the 
series inuuctan(:(:. 
Freq uency Error : DisreguNling crrors elUI.! to skin effec t. the 
frnct ional chnnge ininducu:mcewith frequl.!ucy will bel'i I~ 
where I is the opl.!ratiug frl.!queucy (md I~ the nntuml fre­
quenc)·. Accordingly. at one-lellth the nllturnl fre(IUeIlC),. 
the frequency error is but 1 %. At higher frequencies skin 
effect errors, which ure different for the differe nt units. lOay 
become appreciable. T able I gives the natural £rc<[ueneies 
for the dilfereut standard uuiLs, for fu ll setting with series 
connection. 

Lonts: T he maximnm value of the storage {<letor Q "'~ 
for full-scale setting with the series connection is gi "en in 
Trabie I for each inductor togcthcr with the frequency aL 
which th is "alue of Q is ohWincd. 
Max imum Po wer and CUff ent: T be tot-'ll amount of power 
wbich each inductor is capable of dissipntiog is 15 watls. 
This nmonnt (;{Iuses a te lliperatnre risc of 40· Centigrade. 

T elmin,ls: Sw."dord U-inch spacing. jack- tOil binding posts 
arc [lfOvidctl which allow ~1)(mHe conllcctions to rotor and 
stator. Connecting linh {Ire s uppl ied so thal either n ser i c.~ 
or p{l rallcl conn~'<:tioo of the rotor and sta tor can be mude 
:" 'ailrahle ut u tJ.ird pair of binding posts. 

The maximum allowable current, for the seriCII oon­
nection. is given below iu Table I (md is engftlved 011 each 
oamepl(lte. 

Mounting: All unils (Ire mOllnted on bakeli te panels lind 
enclosed in walnut cnbinets. 

Direct.Current R'nistance: The approximate valuCII of d-e 
resis tan(:e for the dilfercnt un its are given in T able I (lnd 
IIrc also engraved on the namellla\CII of the instruments. 

Dimensions: 6% x 6 )1 x 3~ inchCII. o,·er-all. 

Net Weight: 5 pounds, all rangC!! . 

T >P' 

J07-J 
I07-K 
I01-L 
lO7·i\1 
J07-N 

Mutual 
Iff I\( ue (lrlce 

(>-)0.8 ... h 
0-0 0 ,..h 
0-1 .1 mh 
0- 11 luh 
0- 110 mil 

U IS alice 

0.0,> 11 
0.38 11 
4 .6 0 

32 n 
.nO n 

TABLE I 

Maximum 
C f urren 

16 " 6 " J.7 , 
0.6':; ,.. 
0.18 a 

Maximum 
Q' 

1<\0 
1<10 
140 
100 
60 

, a:tlmum 
Frequency lor 
\1' Q. 

270 ke 
130 kc 
60 kc 
2;; kc 
15 kc 

Na/ural 
F • reque' lcy 

:noo kc 
1100 kc 
360 kc 
1:10 k c 
3.:; kc 

.~·or fuU-sente aelliug. tcd .. oonllOOlion. 

Type 

107-J 
107-K 
107-L 
107-M 
107-N 

&/f-Tllduclunce 

7- 50 ",h 
60-500 ",h 

0.6- 5 mh 
6- 50 mh 

60- 500 mh 

Parallel 

1.7- 12.5 ",h 
15- 125 ",h 

0.15- 1.25 mh 
1.5- 12.5 mh 
15- 125 mh 

II "IIE~' 

lI "flPY 

II" II'''' 
lI OTY, l. 

n OVE" 

l'rict 

535.00 
35.00 
35 .00 
40.00 
40.00 

l 'AT ICNT NOTI CE. Sec Now 17. pagG vi. 

OTHER INDUCTORS 
TYPE 119 R-F Chokes are described on page 163. Because of their 

low capacitances, high inductance, and high Q, lhese chokes are 
useful as inductance clement.s in filters and tuned circuits. 
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BRI DGES GENERA L 

IMPEDANCE BRIDGES 
For the measurement of all types of imped­

ances, resisti ve or reactive, inductive or 
capacitive, the Wheatstone bridge circuit in 
its many modifications hus proved best fitted 
011 grounds of both accuracy and convenience. 

The balancc of the bridge is attained by a 
null method. that is. by reducing to zero the 
vohage between two opposite corners of the 
bridge. The precision of balance is not limited 
by the scale length of a deflecting instrument, 
hu t only by tJle voltage which can be applied 
to the bridge and by the sensitivity of the null 
detector. It is. therefore, possible to utilize 
completely the accuracy of the standards. 

Because of the variety of possible bridge 
circui ts, a bridge can usuall y be devised the 
controls of which can be made direct reading 
in any part.icular im pedancc or circuit. char­
acteristic. The direct-reading feature adds 
great.ly t.o convenience in measurement., since 
it. obvia tes laborious calculat.ions which are 
always a bar to rapid work. 

The fundament.al bridge network is shown 
in Figure 1. The condit.ion of balance is that. the 
voltage across the detector be zero. This will 
occur when 

AP - BN (1) 

The four arms of the bridge are not neces­
sari ly simple impedances, but. are frequently 
series and parallel combinations of resistance, 
inductance, and capacit.ance. Hence the bridge 
arms represented by the symbols used in 
Equation (1) are, in general, complex imped­
ances, and t.here are t.wo balance condit.ions, one 
for the resistive component. and the other for 
the reactive component The principal balance 
component of bri(4;es designed specifically to 

measure iuduct.ance or capacitancc should 
preferably be independen t of frc<!uency. 

Usually. at least. one of these baJance con­
ditions varies with frequency, but no frequency 
limitation on the usc of the bridge is inherent 
in the vari ation. Alternating current bridges 
can be uscd at frequencies extending to tens of 
megacycles. The upper frequency limi t for any 
particular design is se t by the illcreasing effect 
ofresid uru impedances in the various impedance 
standards and in the wiring. 

BRIDGE CIRCUITS: Impedance bridges can be 
di vided into two classes, tbe one in which like 
reactances are compared, and the other in 
which unlike reactances are comparcd. Both 
classes are illustrated in Figure 1. In bridges 
of the first class, referred to as inductance 
or capacitance bridges. arlllS A and B arc re­
sistance arms. while arms N and P are either 
both inductive or both capacitive, one ann 
containing the known standard , the other the 
unknown reactance. Of the bridges described 
in th is section, TYPES 740.716, and 667 are of 
this kind, the first two being capaci tance bridges 
and the last an inductance bridge. The TYPE 
650 also fa lls in this class for the measurement 
of capacitance. 

Bridges in the second class carry the names 
of their discoverers, iVlaxwell, Hay, Owen, and 
others. The inductance and capacitance arms 
are opposite one another. These circuits derive 
their greatcst importance from the fact that 
t hey permit the measurement of inductance 
in terms of capacitance standards. which are 
generally superior to, and more convenient than, 
inductance standards. The TYPE 650 Impedance 
Bridge utilizes bot.h t.he Maxwell aod Hay cir­
cuits for the measurement of indu ctance. 

FiGUln; 1. Lcft. the gcncnol WhClI.tsto llC bridgc circui t : cenwr. circui t for Ii cO lmci t ... nce oridgQ ill which li ke 
reoctonccs. N oud I>, lire oomrml"<:d : ond. right. u c ircui t in which unlike rcuClonCCll. A and P, flrc 00"'1)1I I"<:d . 

,----<>GEN.<>------, ,-----0 G EN.O------, ,----<> GEN. 0------, 

B A B B 

DET. DET. 

p p 
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The TYPE 544··B Megohm Bridge is a d-c 
Whealstone bridge for high resistance Incnsure­
ments in wh ich the detector is a vacuum-tube 
voltmeter, which has an extremely high input 
resistance. 

T.Networks: I n addition to l.he bridge circuits 
described above t here arc a number of other 
networks which can be adjusted to give zero 
transm ission for a par ticular configu ration of 
circu it elements. Several of Lhcsc. particularly 
t.he Twin-Tor Parallel-T illustrated in Figure 
2, have proved to be of great value fo r imped­
ance measuremen ts at high radio frequencies. 
This circui t is used in the TYPE 821 for imped­
ance measurements from 0.5 to 40 megacycles. 

Resistive Balance: All impedances have resis­
tive components, and the bridges used for 
impedance measurement. must. be capable of 
measuring this resistance in some manner. 
Three methods are in general use: (1) Series 
resis tance , in which the balancing resistor is 
placed in series wit.h the standard reactance; 
(2) para llel resistance, in whir-h the balancing 
resis tor is p laced in parallel with the standard 
reactance; and (3) the Schering bridge i ll which 
a balancing condenser is placed in parallel with 
the ratio ann opposite the unknown condenser . 
The series resistance method is used in the 
TYI'£s 650, 740, and 667, whi le the TYPE 716 
uses the Schcring circui t. for balancing the re­
sisti ve component of impedance in terms of the 
dissipation factor. The TYPE 9"16 resembles a 
Schering bridge but uses a series-substit.ution 
method . with a fixed condenser in the iV-arm 
for reactance measurement. wh ich makes pos­
sible the cal ibration of the condenser across 
the A-arm in terms of the series resistance of 
the unknown , independent of freq uency. The 
T YPES 7] 6 and 650 are so constructed that the 
parallel resistance method can also be used. 

I n the Twin-T t ype of null-balance circuit 
that is used in the TYPE 821, the conductive 

" 
, 

'" POWER SOURCE 

• 

, 

BRIDGES 

,. 

'. , 

FIGlJRE 2. Paralle l-T circui t for mensuriug 
iJllpcdnnce ot rndio frcqueocies. 

component of the unknown is measu red in 
terms of a fixed resis tor and a vari a.ble capac­
itance, thus avoid ing the errors inherent in 
variable resistors at high frequencies. 

Dissipation Factor and Storage Factor: An 
impor tant characteristic of an inductor or a 
capacitor is the ra tio of reactance to resistance, 
or the reciprocal of this ratio. For an ind uctor , 
the ratio of reactance to resistance, which is 
proportional to the ratio of energy storage to 
energy dissipation and is commonly called t.he 
';storage factor" or Q, is most often used. For a 
capacitor the ratio of resistance to reactance, 
wh ich is proportional to the ratio of energy 
dissipation to energy storage and is called 
"dissipation factor" or D, is mos t often used. 
These ratios may be written as 

X wL R 
Q ~ R ~ Rand D ~ X ~ RwC, 

respectively, where R, L, and C are the eq uiva­
lent scries values for the resistance, inductance, 
and capacitance of the impedance in qucs tion. 
For values commonly cncountcred , t.he dissi­
pation factor (D = tan 0, where e is t he loss 

FiClJn£ 3. Lc n . series resistance bridge; center, Imrllllel resis tonce bridgc: aud. right, Schcrillg bridge. 

r---OGEN.o----~ ,----<>GE N.o-----, 

A 

DET. 

B 

DET. 

*N I p < 
CN~CP 
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O=lone=B.. 
X 

Power Foetor = 

sin 8 :.B.. 
Z 

Q = col e =x 
R 

F,ClJllil ,1. Vector u ;l_grlllll showing the reo 
lu l ionR IlmOIlJ) n, X, Q. and D. 

angle) is practicall y equal to power factor 

( sin e = v J) ) , for values of D less than 
1+ D2 

O.l. 
Where the Schering or series resistance 

method of resisti ve balance is used. the bridge 
can be co.librated in dissipation factor or in 
storage facto[', for a given frequency. The 
TVP ES 740 and 716 ha ve dials calibrated in 
dissipation factor a t 60 cycles and 1000 cycles, 
respectively. The TYPE 650 reads direct'!y the 
dissipation factor of capacitors and t.he storage 
(actor of inductors, at 1000 cycles. 

T he TYPI~ 916 reads directly the series 
resistancc of the unknown, independent of 
freq1lency, while the TVPE 821 is calibrated in 
parallcl conducta nce for 1, 3, 10, aud 30 
megacycles. 

ERRORS: A brid/:,'C circuit prov ides a means of 
compari ng two impedances, an unknow n and 
a standard. 1t docs not provide an absolute 
measurement. The possible error in tbe meas­
urement is always greater than the error in the 
slRndard i18clf by lhe erl'ors in the other bridge 
arllls enteri ng in to the comparison. H, for 
instance, the errol' in the standard and in each 
of the two ratio atlns is ± O.l %, t here can then 
OCClir in the mos t unfavorable case an error .of 
± 0.3% in tbe measurement. This accuracy 
limitation is common to all direct-reading 
bridges in which a resu lt is obtained from a 
single balance of the bridge. 

Substitution Method: The errors in three of I..he 
bridge arms can be eliminated from the meas­
urelllent through the use of a substitution 
method in \vhich the unknown impedance is 
connected in the s t.andard arm. 'two readings 
of tbe standard are required. one with the 
unknown disconnected and another with it COII­
nected. WitJl an error in the standard oC 
±0.1 %, the maxim um error of measurement is 
± 0.2%. If auxiliary balances are provided so 
that the standard can always be sct iniLially 
at the same l)oint, the error can 00 reduced. 
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Residual Impedances: The bridge equations 
deri ved from Equation (1) presuppose an accu­
raLe knowledge of the behavior of the imped­
ances in each arm. No impedance clement, 
however carefull y conslrueted, is free from 
residual impedances. Hcsistors have series 
inductance and shunt capacitance. Inductors 
have relatively la rge series resistance and shunt 
capacitance. Even air condensers, while morc 
nearl y perfect. tban other impedance standards. 
have resistive and inductive residual impcd­
am:.'cs. All of these extra impedances must be 
included in the values used for calculation in 
order to avoid error. The over-all residuals are 
greatly increased by the various connections 
forming the bridge circui L. 

Shunt capacitance across the various arms 
is an important. source of error even at audio 
frequencies. When capacitance occu rs across a 
resistive UTm, its effect. on t.he resistive com­
ponellt of balance varies directly as the mag­
nitude of the capacitance and directl y as t.he 
operating frequency. E rrors arising from this 
source account. for the large difl'erences be­
tween the listed errors in dissipa tion factor 
given for TYPE 650 and TYPE 740 Bridges. 
TYPE 650 not. only operates at. a higher fre­
quency but has unavoidable switching capaci-

FIGURE 5. Tile " ... h51i llllion method (shO"' n 
ror II cuptlci ltlnce m!:!lSureUlcnt wi th II 
Scheriug bridge) rodu<:e1I the e rror to ~­
sentill ll)' the nceurt.CY with which the Calk'l(:­
illl llCC dijJerenu i)P.tw/len two setl iugi of the 

&Iarluard eoll,ic ll.SCT is kIlO..-II. 

GEN. 0-----
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c L = R 

FICUIIE 6. Schematic rCllrCllCnLation of capllcitance, inductance, a nd reaist.once standards, showing the rnOllt 
important residunl impedances. The ohmic resistance and iuducLa nce of tho s tucks and leud$ of the cnpocitor (left) 
(lrc rcprosented by series rClJistancc and inductanoo, while the dielectric losses are represented by a ahunt con­
ductance. For an inductance (cellUlr), the copper losses and t he dis tribu ted capacitance of the coil are the important 
residuals. A resistor (right). to a first Il ilproxima. tioll , is represented by an inductance in ICries, and a capacitonce 

in shunt. 

Lances because it is designed for such a great 
variety of measurements. 

Shunt capacitance across a reactive arm is 
also serious. In the TYPE 667-A Inductance 
Bridge it increases the inductance error from 
±O.2% to ±O.4% all the highest multiplier. 
In the TYPE 716-B Capacitance Bridge com­
plete shielding of the ratio arms red uces it to 
less than 1 ppf (see Figure 9). In the TYPE 
916-A Radio-Frequency Bridge the equivalent 
shunt capacitance across the resistance arm has 
been reduced to less than 0.4 ppf. This residual 
capacitance does not affect the resistive bal­
ances, and affects the reactance balance only 
slightly at 60 1\'l c; all other stray capacitances 
are either incorporated into the bridge arms or, 
by means of shielding, placed across tbe gener­
ator or detector terminals where they become 
harmless. 

At high radio frequencies the limiting residual 
impc<iance has been found to be the residual 
inductance of variable air condensers. Thus, in 
the TYPE: 916-A Radio-Frequency Bridge. the 
residual inductance of the resistance balancing 
condenser is tile limiting factor on the upper 
frequency range of the bridge, in so far as the 
bridge clements themselves aTe concerned. ]n 
the TYPE 821, on the other hand, the residual 
inductance of the susceptance balancing con­
denser is the factor which determines the upper 
frequency limi t at which accurate measure­
ments may be made. 

Residual series inductance in bridge arms 
is ordinarily negligible at audio frequencies, 
except in measurements of very small in­
ductors. The TyPE 667-A Inductance Bridge 
uses TYPE 668 Compensated Decade Resistors 
in order to avoid change in residual inductance 
as the resistance is varied. At radio frequencies 
the effect of inductance is much more serious, 
and variable resistors are not suitable for use 
above a few megacycles. 

SHIELDING AND GROUNDING, The read· 
ings of any bridge sbould be sensibly independ­
ent of its surroundings and the position of the 

operator. To satisfy these conditions, bridges 
are completely surrounded by a grounded 
shield, and care is takcn to use either grounded 
or insulated shafts on al l controls. It is also 
common practice to ground the j unction of the 
unknown 'and standard arms to this shield. 
Residual capacitances of the bridge arms to 
the shield are placed across the two arms thus 
grounded. Although a relatively large error may 
be introduced by these capacitances, it can 
often be eliminated by an initial zero reading 
or by making the residual capacitance part of 
the capacitance standard. A bridge with olle 
unknown terminal grounded in this manner 
will measure t.he " total impedance" of the un­
known, which includes its tcrminal impedance 
to ground . The TYPES 716, 740-BG, 916, and 
667 are of this type, placing one term inal of the 
unknown at ground poten tial. If, on the other 

r'iGOIU~ 7. I n the TYrK 916-'\ Radio-Fre_ 
queucy Bridge a Ilene.-4ubs tituliou me thod 
of measuremcnt is Wied. l u tbi$ t ype of 
measurcmcnt s tray cnpnci to.oee to ground in 
the unknowu ann can be particularly trouble­
sorue. Triple shielding is Ulled ill thill I1rlll to 
oontroL the stray ca pucit.onccs, as illustra ted 

in }' igure 8. 

DEl . 
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"''/ UNKNOWN 

}'ICURl:: 8. Showing the shieldi ng of lhe unknown 
ami in the T\"PH ".)16·>\ !ladio-Frequency Bridge. 111 
th is assembly the innermos t shield locnli1.cs the 
v(lr inb le s lru), capncitum:e of tho rotor of Cp o. nd 
I)reven lll it from fo.Jlin g ncrosa C'~. where it would 
cause inlerlockioS of the sellin .... of the two cou­
denKI'II. The middle Ilhie'd th rows the sUlly cnp(le­
iL/lnQ!lil of the two condensers 10 the right-haod 
cower of the bridge, while the ouUrruoet sbield 
1IIlICH the capacitance of the right-hand curner 
u(:1'01!18 the generator , where it i. hnTmless. 

T his puiS the enp:lei tttl\ce fro'" the outer shield to 
ground UCro!IS the N arm of the bridge. Aclunll)', the 
"hysical a rrangement of the bridge i •• ueh that this 
cn pacit:l!lC:e ooll$ t itu tes the bridge arm. with only n 
trimmer condenser connecled 1It;1'OI!<I it 10 corret; t ror 

~mall >"(lria lions betweell ins lrumcnlls. 

hand , nei ther of the unknown terminals is 
grounded, the bridge wi ll measu re the direct 
im pedance across these terminals, provided 
that thc terminal impedances to ground are 
large compared to the bridge arms. TYPES 650 
and 740-B have neither unk nown terminal 
grounded and hence measure direct impedance. 
Under certain condi tions, howcver, the TVPE 
650 can be adapted for measuring grounded 
impedances, and the T\'PE 740-13G for meas­
uring direct impedance. The TYPE 544-B Meg-

on. 
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ohm Bridge can be connected either way and 
can, therefore, measure 'either total or direct 
rcsistance. 

SHIELDED TRANSFORMER, The bddge bal­
ance should be independent of the type of 
generator and detector used. This condition is 
met by the use of a TYI' I:; 578 Shielded Trans­
former. One transformer winding is connected 
between t.wo opposite corners of the bridge, 
neither of which is grounded. It is immaterial 
wh ich side of the transformer is connected to 
generator or detector, except as the scnsi livity 
of the bridge is affected by the transformer 
rat io. For bridge balances, the small , constant, 
and known terminal capacitances of the trans­
former are t.hell substituted for the large, vari­
able, and unknown capaci tances of the generator 
or detector. 

DETECTORS: To obtain the maxim um pre­
cision ofbalancc with any bridge or null-balance 
circuit it is necessary to obtain a virtually com­
plete null balance. With modern vacuum-tube 
circuits, however, sufficient scnsitivity call be 
obtained to utilize aU the potential precision of 
ally null-balance network. 

In sollle bridge circuiLs the balance is de­
pendent upon frequency, and the value of t.he 
unknown impedance usuall y varies with fre­
q uency. Consequen tl y, the preseJ1Ce of har­
monics in the inpuL to the bridge or t.heir 
production ill a non-linear impcdance within 
the bridge lIlay obscure the fundamental 
balance. A null balance may also be masked by 
t he residual noise level of the oscillator and 
am plifier used. For these reasons it is usually 
advisable to employ a seleclive detector. tuned 
to the frequency at which it is desired to balance 
the bridge. 

A udio and Sub-Audio Frequ encies: A t audio 
frequencies, the cOllven tional detector is a 

FWun" 9. Illus tra ting the shidding lurllllgemcni 
or the TYPE 716-B Capaciltln<:e Uridgc. T he nltjo 
Ilrnl8 will. the ir oompcu.s.a ting condensers, Ihe dis-
8i lml ion raclor condcnser, Bnd the iUllut ltauSrOl"mCr 
lire &11 11l0unl.ed on ill.$ulaled ' UblllllleiS and COUl­
Illelely shielded. T he shield is connected to the 
junelion o r the rll tio arnu , thercby pl9ciog illl elllWlc­
ilonce to ground ael'OM the detector lermiuab. 

The .hield around cach tranMormer winding i8 
connected to lite ,,·inding. eliminlliing t he lerminal 
cllP/lci lances. A th ird shield , between the "'i!ldi n!; 
shields, is COllnoc\cd to thcjundion or the rtlt io a rms. 
The en lmcilnnce between lhe third ~hicld nlld thc 
!l4.'<:ondnr)· winding shield is thu~ IllnC(!d Ilc rOll8 tho) 
lo)ft·l llllld rlli io nrm. ami ills e lTed can be eliminul(!(1 
in t he init ill l bl>laoce. Similnrly. Ihe eO l)aei l.ll no:e be­
twccn Ihe primar)' shield nnd the inler""i nd iDg shield 
goes llt;1'(lM Ihe uetcdor te rlOiua18 und doet no t lI(feet 
the bl>km<':(!. 

No ellpacit tlncell are placed aet'OH the BhUldard 
allli unknown arms Olher than tha t o r ti,e ICllds oud 
or the )l{lrn::1 binding posts. T he ~lIlplI nmount Illaced 
PCfOI.S the s l.Ilndard oonden!IC:r"jt Inken into Account 
in the calibrnlion, while thllt Ilc rOllS Ihc unlo;nown 

lerminals is iCM than one miefOmieroforlld . 
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vacuum-lube amplifier and a pair of head tele­
phones. WhCl'c a visual indication of balance is 
desired, as is necessary at. frequencies below 
about. 300 cycles, a recLifier-t.ype voltmeter or a 
vacu um-lube vol tmeter can be substit.uted for 
the head telephones. TYPE 830 Wave Filters 
can be used to obtain selecL.i vity. 

The TYPE 736-A Wave Analyzer and the 
Type 760-A Sound Anal yzer, in conjunction 
with an amplifier, are also vcry sa tisfactory 
selective bridge detectors. The wave analyzer 
is particularl y useful when extreme selecti vity 
at the higher audio frequencies is required , whil e 
Lhe sound anal yzer provides exceptionally good 
selectivit.y al low audio freq uencies. For meas­
urernenlS O\'CI' a wide range of frequencies, 
t.hese instruments have the advantage of being 
continuollsly variable in frequency. 

Radio Frequencies: At radio frequencies, the 
Type 619 Heterodyne Detector can be used, as 
can ally well-dcsi"'ned commercial radio re­
ceiver. Head telephones, a loudspeaker, or a 
meter can be used as the actual balance indi­
cator. Since tuned radio-frequency devices are 
inherently selective. the problem of radio­
frequency harmonics is Dot significant. If 8 
radio receiver is used, it should preferabl y have 
an r-f sensitivity control and provision for dis­
connecting the a-v-c circuit, in order to facili­
tate the approach to balance. 

SENSITIVITY: The precision to which a bridge 
can be balanced depends primarily upon the 
voltage applied to the bridge a·nd the sensitivity 
of the detector. I t also depends upon the ratio 
of impedances of the two arms across which the 
generator is placed and the ratio of the imped­
ance of the detector to the bridge im pedance. 

rf the generator is connected aeross two simi­
lar bridge arms, the ratio of outpu t voltage to 
inpuL volLage is 

E. 
I, ". 

(£) 

where A and B arc the arms across which the 
generator is connected, and d is the fractional 
precision desired in balancing the reactive com­
ponent, or the minimum yalue of dissipat.ion 
factor to be detected. 

]f the two bridge arms across which the 
generator is connected are not alike, but one is 
resisti ve and one reactive, the equation becomes 

A 

E~ = B d 

e. I + (~)' 
(8) 

BRIDGES 

Both expressions are developed on the as­
sumption t.hatthe impedance of the detector is 
high compared to that of Lhe bridge arms. This 
condition is met by the use of a vacuum-tube 
amplifier. 

From the above equations and the known 
input voltage, Lhe outpu t. yoltage corresponding 
to a given value of d can be calcuJated. The 
ratio of this voltage to tile min imum voltage 
which will actuate the detector is t.he amplifi­
cation required. 

As an example, consider the TYPE 716 Ca­
pacitance Bridge. For equal ratio arms 100 
volts can be applied to the bridge from a 0.5 
wat.t generator. to make a capacitance balance 
to ::1::0.1 % demands the detection of 25 mv. To 
make 0. dissipaLion factor balance to ± O.OOOO I 
requires a sensi tivit.y oC250 p.v. The ftrst voltage 
is easily wit.hin t.he range of head telephones 
wiLhout an amplifier, while t.he second is not. 
A typical bridge amplifier has a gain of 77 db 
or 7000 when working with head telephones or 
a rectifier voltmeter such as Lhe TYPE 483-F 
Output. Meter. With the telephones the gain is 
more than sufficient.. With the rectifier meter 
(minimum deflection = 0.2 volt.), the gain is 
also sufficient, since even for the dissipation 
factor balance a gain of only 800 is needed. Now 
suppose these same measurements to be made 
on a 1 pf condenser for which the ratio arms 
must be 1000 to 1. Using the full gain of tbe 
amplifier, the rectifier meter can only balance 
for dissipation factor to ::1::0.0003, so that tele­
phones must be used to obtain t.he required 
sensi tivity. 

POWER SOURCE: The main considerations in 
the selection of a power source for a-c bridge 
measuremen ts are frequency stabili ty, power 
outp,ut, and harmonic content. 

'1 he TYPES 740-B and 740-BG are designed 
for 60-cycle measurements and operate directly 
from the o.-c power line. The TYPE 650-A has 
a self-con tained 1000-cycle microphone hum­
mer, and no external oscillator is required unless 
it is desired to make measurements at fre­
quencies other than 1000 cycles. All the other 
bridges described in this section require some 
type of external oscillator. 

For single-frequency measurements at 1000 
cycles, the TYPE 572-B Microphone Hummer, 
the TYPE 813-A Audio Oscillator, and the TYPE 
723 Vacuum-Tube Fork are satisractory pro­
vided the power requirements arc low. All thcsc 
operate from batteries, although the TYPE 723 
can also be obtained in a-c operated models. 
A 400-cycle model of the TYPE 723 is also 
available. 

When a highly precise balance is desired, 
more power is required than can be furnished 
by emall battery-operated oscill ators of the 
type mentioned above. For measurements at 
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1000 cycles or at a number of fixed rrequencics. 
the TYPE 608~A Oscillator is recommended. 
This oscill ator is a-c operated and delivers at 
least M watt with extremely good waveform. 
When a continuously \'ariah.le fre<lucncy is 
needed the TYPE 9 13·B Beat-Frequency Oscil­
lator is recommended. Tile 1'VI'E 913-13 covers 
the audio-frequency range to 20,000 cycles with 
an outpu t of approximately OIlC watt.. It is a-c 
operated. 

For measuremen ts at radio frequencies with 
the TYPE 916-A Radio-Frequency Bridge, or 
the TYPE 821-A 1\\'in-T Impedance-Measuring 
Circuit. a radio-frequency oscillator is required. 
The T YPE S05-B and T ype 805-C Standard­
Signal Generators acc suitable. 

M ODU LA liO N: I,'or radio-frequency mcasurc­
mcnts, it is preferable that the power source be 
uumodula ted. Distortion in the modulating 
system and assymetrical side-band cutting in 
the recciver can produce appreciable errors in 
the balance point. ln addition, maximum sen­
sitivity is obtained wiLh an unmodulated signal 
and an oscillating detector. 

CONNECTIONS: To achieve maximum free­
dom from electrost.at.ic pickup and body effects, 
it is desirable to use shielded leads betwccn 
geJ1Crator and bridge and betwccn bridge and 
dc t~tor. At aud io and low radio frequencies the 
reactance of the leads and terminals is unim­
portant, and it is merely necessary to prevcnt 
the in troduction of ext.raneolls vol lages into the 
de tector or Lhe unknown impedance. At fre­
quencies above a few megacycles, not only docs 
Lhe problem of shielding assume greater im­
porLance, but a lso the reactance of the inter­
connecting leads becomes a potential source of 
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error. This is ill ustrated by the block diagram 
of Figure 10. 

A small amount of series induct.ance ill the 
ground side of t.he generator cable is designated 
as La, similar inductances in the receiver cable 
and the common ground lead as L n and J.J.v. 
The voltage drop in La produces a flow of cur­
rent around the loop consisting of the cable 
sheath, the ground lead, £.\1 , and the ground 
capacitance of t he oscil/aLor. Simila rly. current 
flows in the right-hand loop that includes L1/.. 

The voltage applied to the receiver has, t.here­
fore. two components. one from the 1'wio-T, 
the other from the drop across L1/.. When a null 
point is reached. therefore, the Twin-T is out 
of balance by an a mount necessary to cancel 
the effect of the extraneous vol tage from L/I, 
that is, to make the vector sum of the Twin-T 
ou t.pu t voltage and the extraneous vol tage 
equal to zero. 

The error in measurement callscd by this 
series inductancc is one of the most serious 
encountered in null measuremen ts at radio fre­
quencies, and , in order to avoid it, coaxial 
terminals should be lIscd on bolh generator and 
receiver. 

The TYPI~s 9J6-A and 821-A arc equipped 
wi th coaxial terminals. and coaxial leads are 
supplied to plug into the signal generator. 

CLASSIFICATION: The Lable 0 11 the opposite 
page briefl y summarizes the operating ranges, 
accuracy, and other pertinent data regardi ng 
the bridges listed in this section. From this 
table the most suitable instrument for an y 
given measurement can be determined at a 
glance, wh ile detailed specifications for each 
bridge ure given on the following pages. 

FlCunR 10. Sho ... ing how .criCil j"duelllnee in lhe g<lllel'1ltor nnd detector leud! can couse errors in 
mellsurement lit radio frC,'(lllencics. 
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" Type No. M ( lJsurtl Ufwge of Al~<lsunmetl l A« .. rocy· l"f'nI~fCIICY Circllil M ethod I'olcu &u,," Ik!tcfOT 

Sci f- {.;unliolilcd Sclf-ConlainNt 0 
650-'\ /I .001 flto I Mil ± I % d, Whc."~IOne Direct Ba ll.cries Galvllnometer n 

" l~htolh :1::2% Ik, 1\111);well lond li llY Din:c t r ll lern .. 1 Qso::il1ulor 11('lId Tele phollC$ 0 
C I I'l' f to J 00 "r ± I % I kc Seri('lj It Direct 

/) .002 to I :1::20% Ik, Direct 

0 .0.2 to 1000 :1::20 % Ik, Direct 

7 16·1} C 100 I'l'f 10 I I'f :1::0.2 % k, Schtring Dir<:cL 1-:~ t.cru,, 1 OSciUlt lor A"'I" and lIe"d Tel. 

/) .002 % 10 56% :1::<1% k, Diroct 

C 0.1 I'l'f lo 1000 I'#f :1::0.2 % " 
Parallel 

Subl!titu tion 

/) I)cll.md~ on ex :1::2 % k, 
I}Mallci 

Sublltitulion 

916-A X 5000 0 1.0 +5000 lit 
:1::2 % ·100 kc to 60 M e 

Moditicd Serics External Oscillator n ndio lI ~cciver 
!It J Me Schering Subs ti tution 

/I o to 1000 0 :1:: 1% 400 kc to 60 !\I e Series 
Substitu tion 

821 . '\ C o to 1000 JI.Jlf :i::O.2 % 460 kc to ·10 " Ie l)arli llcl·'I' Parallel Exlcrnn l Osci liu tor I\ntlio lIecciver 
Substitution 

/J - 6000 to + 6000 I'who : 460 ke to " 0 M e 
l'a r;) lId 

lit I M e S ubstitution 

G o to 100 I'mhot 
±2 % 460 ke to 40 M e 

Pa.rallel 
11~ I Me Substitution 

66i·A I, O. l l'htolh ±0.2 % Ik, Serie8 l\ Direc t Exl.crnlllOsciliator AW l) . .. lid lIe .. <.I Tel . 

N O- I.! C 5 1'1'( to 1100 " f ± I % 60 cycle. 5erict n Direct A·C Une SeI(·Contoi" t."<i 
E lectron-I,,"y Tube 

/J o to 50 % :I:: 1.5 % of 60 cycle. Direct fu ll scale 

i 40-I.!G C 5 1o<J.'ftoll0l'f ±I % 60 cycles Series H Direct A-C I, iue 
::;'''If-tA,, tu i, ,t...i 

J~lec lron·n(\y T"be 

D o to 50 % :1:: 1. 5% of 60 eyo.:!CII Direct (" II sCII le 

5"'l. B n 100 kG to 10.000 I\Ul :1:: 5 % d, Whc"lIItone Direc t A-C Lino s",lf-Co" t.oi llCd 
Gulv""omctcr 

56 1-0 .001 to 10.000 I kc D irec t ExterualOscillutor A,,,p. 'nd Ilelld Tel. ... , :oa 
" 50 n to 20 x We n Direct -0 s. .02 to 20.000 I'mho Direct GI ... °tr.p". o u oua lcl. ror de .... iled Deeu>'" ,. . talll....,ot, _ .~&.e.ti<ml (or eIIcb briup. t1\o,..e ¥I.rie. invenoelJ .. tbe (1'iIqUenc-,. . : lI nug» ~ar"" dimet l,. I'll tl.e (tC(Iueuc,.. m ... III 
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TYPE 716-B CAPACITANCE BRIDGE 

USES: This direc t.~readi ng capaci tance bridge 
can be used for a wide varicLy of capacitance 
and dissipat ion-factor measuremen ts. Within 
its scope are tbe dctcrmi na Lion of dielectric 
conslanL, loss facLo!', power fac tor, phase angle, 
and other dielectric properties of insulating ma­
terials, as well as their change with such factors 
as temperature and hum idity. 

In the General nadia laboralories the TVI'E 
716-B Capacitance Bridge is used for all ca­
pacitance standardization measurement s. III 
production, it is used for lhe lcsling and adj ust­
ment of TYPE 505 Condensers and TYI'E 380 
Decade-Condenser Units. 

By addi ng an external decade resistance box, 
the bridge can be converted to a series- or 
parallel-resistance bridge. The latter is es­
pecially useful in measuring the resistance of 
electrolytes. 

DESCRIPTION: The TYPE 716-13 Capacitance 
Bridge is a mod ified SciJcring bridge, direct 
reading in capacitancc and in dissipation factor 
at 1000 cycles. 

66 

A wide capacitance range is obtained by pro. 
vidi ng fou r sels of ra tio arms givi ng multipl ying 
factors from 1 to 1000 in decade steps. The 
standard condenser is a TYPI~ 722 P recision 
Condenser calibrated to read directly in tolal 
capacitance. The zero capacitance across the 
unknown terminals is not grea ter than 1 ~~ f. 
All capacitances to ground of the in pu t trans­
form er and ratio arms arc removed from the 
capacitance arms b y placing them in a shielded 
compartmcnt insulated from the grounded 
panel and connccted 1.0 the junction of thp: 
ra tio arms. 

This bridge differs from the older TYPE 7l6-A 
in thal the dissipalion-factor range has been 
extended to 56% , and a :METHOD switch has 
bcco added. 

Dissipation factor is read directl y in per cenl 
from the setti ng of a T YPE 539 Condenser and 
a decade step condenser connected across the 
fixed ratio arm. Tbe 12-inch scale of the air 
condenser is approximately logari thmic. so that, 
while having a maximu m reading of 6% , its 
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smallest division near zero is 0.01%, th us 
allowing the estimation of 0.002% . The accu­
racy of the dissipation factor reading over the 
wide capacitance range i.') made possible by 
adding capacitance across the lower-val ued 
ratio arms, so t ha t th'c product RC of all t he 
ratio arms is the same. 

The selling of the :METHOD switch de­
termines the ratio ann across which the dissi. 
pation-factor condenser is connected, so that 

BRIDGES 

the dissipation-factor dia l is direct. r~ud i ng for 
either direct or substitution measurements. 
FEATURES: Three highl y desirable properties 
are combined in this bridge : wide range, high 
accuracy, and di rect-reading dials. Operation is 
simple. and both termi nals and controls are 
arranged for convenience and flexibili ty of 
opera tion. Because of these fcaLures, it can be 
used for practically any type of capacitance 
measuremen t. 

SPECIFICA liONS 
Ran9U: Direct Readin~apucit<l n cc. 100 IJ.l'f 101 I'f: dis_ 
~ ipa lion factor. 0.002 % to ,,6 % (O.OOOO:? to 0.56 expressed 
o~ a r(llio). 

Substitution i:-'-Iethod---.::apncita nce. 0.\ Io'l'f to 1000 l'JJ. f 
with in temal standard: to I Io' f with external s t.andards : 

dis":<ipution fuetor. 56% X s:.. where C' is the eallueiklnee 
C. 

of the .:sta ndard condellser nnd C. th,lt of the u llkuown . 

A ccuracy: Direct Reudi ng---.::apuci t(lIlce. ±0.2% or ± 2 JJ.j.lf 
X mul tiplier reoding (0.2% of full "C"lc for e"c h rauge) 
wbe ll thc dissip(ltion fa ctor of the unknow n is leSS tha n I %: 
diss ipotion fncto r ±0.0005 or ± 2 % of d iul reading. for 
"alnes of D below 10 %. 

Subs titution lI'Iethod-(:upucitnnce ±0.2% Or ±2 I'}J.f; 
dis.:sipution factor. ± O.OOOO:i or ±2% for chullge in di;;.,;­
pat ion fac to r observcd. when the c hange is less than 6%. 

W br n tbe u issiputiou fn c tor of tbe u u koow n exer.eds the 
limil-'l given a bove, udditiona l er rors OCcu r ;n bo th cupuc i­
tance and dissipation_factor readinS". Correct ions (Ire 
auppli o<l. h y means of which the nc""r""~ gi v"" "ho"'~ ""tl 
be maintuiued over the ent ire range of the hridge. 

Ra tio Arms: The urm acros.s wl'ieli the d issipation factor 
couden3Cr is normally counect"d has a res istance of 20.000 
ohms. The other arlll has {our ~·a l u e..~. 20.000 oh 'os. 2000 
ohtu~. 200 ohms. ~O ohms. providing the fou r m ult ipl )' ing 
factors 1, 10, 100. 1000. Suitable coudenseT!l a rc placed 
across these a rms. so that the produc t RC is constaut.. 

A ~ wi teh i ~ provided for s hirting the d issipation-fuctor 
conde nsers to the other rntio arm when the substitution 
method of JUea~u ["e ,,\ent is uscd, so that the d iMip:uion­
{ac tor djal will rC;:Id up-scale. 

Standard s: C,lp(leitnnrAl. Tnt; 7~:? Precisio n Condenser di­
rect reading from 100 l'Io' f to 1100 j.!j.!f; di ssipat ion factor. 
Tn • .,; 539-T CoudCIJS(l r with semi-logarithmic sca le (l nd 
d ccmle-step condenser calihra tcd uirec tly in diss illn tio ll 
f .. ctor .~ t I kc. 

Shie ldin g: Ha t.io urnls. d issipation_fnc tor cOlldell><Ccs. (lilt! 
s hielded transformer "re enclosed ill a ll insu lated shield. 
The u n\; nown terminals are shieldcd so tha t the zero capaci­
t.a nce across them is not greuter than 1 j.!j.! f. A mcta l dust 
cover alld the alu,n;num panel form a ~"()lJ) plete ex te rn,,1 
s hield. 

Freque ncy Ra nge : All cll lihration adjustmc u ts ure made at 
I ke and the accuracy sta tements a bove hold fo r nn oper_ 
ating frequenc)' o f I kc. The hridge C3" be used . ho wcl·cr. 
utau)" frC(IUenC)' between 60 cyclp.s and 10 ke. Dissipa tion­
factor reading.. mll~t be corrected h)' multiplying the dial 
reading b )' the freq uene)' in kilocycles. 

V o llase: Vol tuge u llplied ut the GEN EI"IATOn tefminuls 
is sl epped up by a l -to~1 ra tio s hielded tr~ usfor tller. ,\ 
ma~imllm of 50 volts can be ~"plied 10 Ihe tra nsformer. If 

desi red. po wer Gl.l n be upplied to tI' e loridge he tween the 
junctions of th~ l.airs of resis t.ance and Cfill:lei(nllce a rms. 
With eq ual rn tio ar tll~ . a maxinlunl of jon volt.!l cun he 
applied. 

M o unting: T he hriuge is sUPIIli"d for mouuting o n a 19·;neh 
rela)' ruck or for cabine t mountiug. 

A ccessories Required: Osci lla tor. "rnplifi"r. "nd telephonc~ 
or rco;tifier meie r. ']'1"1'1> 603-A Oscillator (sec 11"l;e 9·1) nnd 
'Vestcrn Eleet rio Tn'" 100:?-C Tclel'lJOncs are recom_ 
mended. If a I'is ual detector is rC<l ui reu, T ... J'>~: 433-1-" On t.­
IHlt il leter (sce page 1\7). (See al;;o the discussio 'l of bridg" 
uet.ectors o n page 62.) 

For sllhstitllt ion me{l$ ll rCmcnIS, a hnhllleing couucnser is 
needed. Thi~ mny he c ither an ai r-dicJooLric model. T n'l> 
539-C. or a fixcd mica condcllser of the T YPE 505 ser ies. 

Accessories Supplied: O,W 'h'p" :?H·NC Shielded Con­
ducto r "uu o lle T n E :?7.I-NE Shielded Plug and Cable. 

Dimensio ns: (Length) 19 x (hcight) 14 x (depth) 9 inchcs. 
o,·er-all. 

Net Weight: 41 !1 pounds, relay-ruck model; 5:1 7.f pou lld ~. 
cahine t Illotlel. 

A ""hematic circu it dingra m of tlte T VI'!': 716-1.1 
C"pn(:; tnnce Bridge. 

Price 

716-BR 
716-BM 

PAT ENT r-;"OTICK 
I Fo r Re ill y-Rack M o unting .. 

Cabine t Mounted ...... . 
. . . . . . . . . . . . I 

.. . 
UONI)S 

uoso ." 
53 35.00 

360.00 
See Note 11. ~ vi. 
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BRIDGES GENERAL 

TYPE 821-A TWIN-T IMPEDANCE MEASURING CIRCUIT 

USES: This illslrUlIlcnt is used for impedance 
measurements at radio frequencies between 
OA6 1\ lc and 40 1\ lc. It. is calibrated in capaci ~ 
lance aud conductance and can be used to 
measure directl y the capacitance and power 
factor of condensers, the inductance and Q of 
coils, the resonant impedance of parallel lUlled 
circuits, and the magni tudes and phase angles of 
high resistances. T hrough the usc of an external 
Hxcd condenser, low resistances, grou nded un· 
ten nas, coaxial trnllsmission li nes, and im­
pedance-mutching networks can he mcasu ~ed. 
I t. is particul arly useful for measuring IIn­
pedanccs having smull phase difTeccnces from 
1.ero or 90°, such as dielectric samples, low-loss 
condensers, high-Q coils, and r-C resistors. 

DESCRIPTION: The instru ment uses a Paral~ 
Ic l~T null circui t. as shown in simplified rorm 
in t he schematic diagram. l\ leasuremcnts are 
made by a parallel·substitution method. An 
initial balance or the circuit is obtained with 
the u.nknown disconnccted; the unknown im­
pedance is then connccted and t he circu.it re· 
balanced for a null. T he components of the 
unknown impedance arc determined frOIll the 
changes in se lling of condensers Cn and Ct;. 
The measurement is made in terms of the ad­
mi ttance components of the unknown, sus­
ceptance and conductance. 
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The value of conductance is given by: 

C 'C'C"J' ,Co - k "C ~ -w \ C",-w .... t;' 

and the dial of Co is raJ ibrated to be direct 
reading at I, :\, 10, and ~o Me. For other fre­
quencies. dial read ing is mu ltiplied by the ratio 
of the squares of the wOl'king and direct-reading 
frequencies. For the in ilial balance, thc con­
ductance dial is sci. at zero. 

The setting of the condenser Cn dclcrmill~s 
the suscepti ve balance. T he condenscl' dial IS 

calibrated i ll micromicrofarads and is direct 
reading in capacitance. Condcnsc r capacitance 

c' • 

, c, 

,., 
POWI!fII $O.JIIICE 

c" 
, 

c, 

UNKNOWN 

0---1' 
~, 

O£ TECTO R 

, 



 

RADIO CO, 

can therefore be measun.-o dircclly. For other 
t.ypes of unknown , it is generall y more cou­
venient. to use the susceptance. 

B .. = w..lCn " 

I mpedauce cornpOllcnLs, reactance and re­
sistance. can, of course, be calculated from the 
admittance componcnLs. 

The Twin-T is mounted i ll a shielded, air­
plane-luggage t.ype case and is completely 
portable. TYPE 77,1. Coaxial Plugs and J acks 
8fC used for the generator and dcLectOl' termi­
nals. The un"known connects directl y to lenni· 
onls on the panel . 

FEA lURES: The nu ll me thod used in measure­
ments with the Twin-T yields highl y precise 
selLings. The circuit a rrangemen t. also COIl ­

tributes to accuracy of measurement. at. hi gh 
frequencies by eliminating the effects of some 
of t.he residual capacitances t.hat limi t high­
freq ucilcy performance in bridge circuits. In 
particular, no transformer is needed becuusc 
the generator, th e detector, the unknown , und 
the two standard condensers arc brought.. to a 
common ground point. Lead impedances are 
minimized by a mechanica l arrangement in 
which leads are short and direcl. The circui t.. 
elements themsclves arc designed to have low 
residual impedances. Susceptance is measured 

! 

I 

BRIDGES 

'm.. 
CO l'adt(,uce aud ootuluc tnncc of a TVl>E 11 9·A 

J~-F C hoke M mensured on the T win-T . 

in terms of an eSlx.'c iaJly designed var iable a ir 
condenscr, and conduc:tunt:e in terms of a vari­
able air condenser and a 11.'(ed resistor of t he 
663-type. thus avoidillg errors inheren t.. in vari­
able resistors at. high frequencies. 

SPECIFICA liONS 
Freq uency Ran!!e: .160 I.e to 4 0 "I c. 
C.p.tcil.nce Ran!!e: The dial of the s tnmlard condon.or ill 
cali braU!d from 100 to 1I00,.,.,.r. and the ranHe of capaei­
tnnce mensurement by t he parallcl-subs titu tion method is 
t herefore 0 to 1000 IlS' f. 
Sutuplance Range: - 6000 ~mho to +6000 ~Ulho at I 1\ lc. 
The runge v(Hi("ll d irect ly ns the frelluene)". (Iud tit oth(!r 
frNI IICnciCli tho d in I nmd ing "'U$t 00 mult iplied hy thc 
frelt "..,,, ..,y ill "'..,gue)'cl(;'$.. 

)" I..,riOT "iew of the Twin-T, showing 
condructio na l d c ta ils. 

Type 

821-A 
I'ATENT NOTIC K 

I Twin-T . ...... " 
Se.. NQte~ 2. 17. !>II!:" yi. 

Condud.nce R.n!!c: 
0-- J OO~Ulbo aL 1 "ICJ 
tl ~~~ :::: ::~:~ l ~ ~ : ~ I) irect Read ing 
0--3000 ~mho nt 30 M c 
Bet"·eell th~ din:;c t.-rc(tlling r;, nJ;~-$ the ra nse of t he <:on­
dne tnnce din l v.1riClilis the >i<IUUrC of lhe freq uency. 

A ccuracy, :1:2 ~I-' r :1:0. 1% for cnpllc ihl n..,e. For <.'011-
duc ta ,, ~-e, :1:0.1 % of ful l scale :1:2% of actual d i,,1 reud ing. 
At tire higher rre<1l1eneies. correc tious ror res idl1 31 pa. 
rll Ule t{)rJI tllu~ l he opplicd . oml t ile oorrection d ll ta a rc 
included ill t he ins truct iou bouk . 

A ccenorie li Supplicd: wuxial cllhies for oo" "cctio ,," to 
"cnerutor (l nd detector. 

Accenorlet Requiutd: A sui table rad io-frequcnC)' gcner­
otor a nd dc tcctor nrc required . Tlw T YI"E 805-C Sl<iIld .~rd ­
Sigllll l Genera tor is a IIntisfuctory gCtJera tor. A well shielded 
rndio receiver covering the desired frequeue)' range is 
recoUl'nen~k·d for t he detector. The coaxial cahle supplied 
fOl" oolJllec tion tv the receh'c r i. litk-d " ' jth $pade terUlin llb 
(It one elld for <:on nox: ting k> the re<:ci"er in put terlnillols. 
For hcst l'C:f!ol lll . howe,·er. i t is recommended t ha t the re-­
cci"er be IJU .. >d wi lh to 1' .. P.: 7<-1-G Panel j)lug lI "d the 
cuble with a Tvp),; 714-;\1 Cnble J ack. T he:se OO:I):ial termi­
nnls nre dCIICribed on page 1':;9. 

M ounting: T lte instrumcnt is 1ll0,m Wd in a shiel ded, 
nirllluuc-lulI"OIge t)T>e of cn~ \I'ith carrying hondle. 

Dimentions: 17 ~ x 12 x 9 Yi inchC>l. o\"(!cr-ro ll . 

Net Wci!!h l: ~6 pounds. 

Co</e Word Price 

I S340.oo 
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BRIDGES GENERA L 

TYPE 916-A RADIO-FREQUENCY BRIDGE 

USES: The TYPE 916-A Radio-Frequency 
Bridge is designed for impedance measurements 
at. frequencies between 400 kc and 60 Me. It 
can be used to measure directly Lhe rcacLaucc 
and resistance of antennas, transmission liues, 
and circuit elements. Through the lISC of an 
externaJ parallel condenser, parallel tuned 
circui ts, high resistances. and other high im­
pedances can be measured. 
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Scilctn(.tic circuit ,li Ul1rtl m of th" T VI'g 916-A 
1i:l(lio-FI'C(III(' nc,' Bridge. 

OET. 
GEN. 

This instrument is intended for measuring 
low impedances and complements the TYPE 
821-A 'l\yin-T, which is best sui ted for measur­
ing high im pedances. 

DESCRIPTION: A new type of bridge circui t is 
used, which is shown schematica ll y in the dia­
gram below. l\Ieasurements are made by a 
serics-substitu tion method . The com ponents of 
the unknown im pedance nrc determined from 
the change in sct.lings of condcnsers CA and 
Cpo The unknown reaclance at 1 l\ lc is read 
directl y in ohms from tbe dial of Cp , and the 
unknown resistance in ohms from the d ial of CA' 

I n making measurements tbe bridge is Ii rst 
balanced by means of condensers Cp and CA 

with a shorL-circu iL across the unknown tenni­
nals. The short is then removed, the unknown 
impedance connected, anel the bridge re­
balanced . The resistance is then given by 

Hz = RlJ (CAz - CAl) 
C., 

and the reactance by 

X - ~ (..!... - ..!...) 
J: - W Cl'z GP1 

where the subscripts 1 and 2 denote the d ia l 
readings for the initial and final balances, 
respectively. 
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T ypical measuremcnta made with the 
Tv ]> !:: 916.'\ Hndio· Frcqucncy Bridge. 
Abo~. n!llc tance (lnd r esistn nC() Qr /In 
antenna s)'stem . Rig/II. input r cnC \ flllC() 
IIml l'elliswnec o r n Il'(lus l1li!l8ion line. The 
solid [illt:>! 11100'" ca lcuilitoo ~'1l1 11C1; the 

ci rcles. mensun.'<I values. 

... 
"00 

FEATURES: This new bridge circu it, with the 
usc of a substitution method of measurement 
makes it possible to read resistance in ohms, 
independent of frequency, directly from the 
scale of an air condenser. Tllis and the fact that 
the dial of Cp is calibrated in ohms reactance 
at 1 megacycle make the bridge particularly 
easy to usc for antenna measurements. 

c ....... " . ., 
i I II .. .. ~ , .. . .. ... 

FR~OUENCY IN ro . 

The resistive component is measured in Lerms 
of a fixed resistor (RB ) . a fixed condenser (CN ) , 

and a variable condenser (CA ). This important 
feature makes possible the high-frequency per­
formance of Lhe bridge, because residual pa­
rameters cau be made much smaller in a fixed 
resistor and a variable capacitor thun in a 
variable resistor. 

SPECIFICATIONS 

Frcqucncy Rangc : 400 kc to 60 Mc. 

Ructancc Rangc: 5000 n a t 1 "Ie. TlJi ~ runge vnric~ in­
VCr3ely n~ lhe fre(l ueney. nod al o lhcr f~qllcn ek'1l the dial 
rcading must be divided by Ulc frequency in megacycles. 

Resistance Rangc: 0 to 1000 n. 
A ccuracy: For reacta ncc, ±2% ±l n. 

for rclIi$lancc, ± l % ± O.l n. $ubjeo.:t to eorreetion fOf 

residual par(lmetcrlj. At high f~qucncies the eorrcction de­
pends Ul)On the frequenoy and upon the magnitude of the 
uukno ... ·n resis tance CQ mponelit. At low frequeucies the 
correctiOn depends UpOli the frequenc y nud upollthe mllgni­
tude of the unknown reactance oomponent. 1'1013 of both 
theM: corrections a re given in the instruction book that is 
supplied ... ith the bridge. 

Accessories Supplied: '1' .... 0 input tr01l8forlllo"" one co\'e r_ 
ing the ronge from 400 kc to 3 M e. tho o ther from 3 M e 
to 60 I\l e; two leads or di(f"rcnt l el\g th~ (fOr conueeting the 
unknown i,upcdancc): two coaxial cllbles for conncctiug 
gener"tor and detector. 

AccelSofiet Required: A rodio-frequcncy gencrntor and 
detector oro required. Thc Tyl'': 805-B S tondnrd_Signal 
Gcncrntor i~ a 'n tisfaclur)' IlCller(ltor. A wcll""hieldcd ' radio 
recei\'er co\'erillg tile desi r~d frC(luc lICY rtlng!! i, rcCOru­
IIlcuded as tho detector. Tho coaxial C(lble supplied for 
conne.; tion to the receivcr is fiU.:,d with .'Ip.,de lcrmiu(ll.$ a t 
one cnd for ,;o nn('(: tiOIl to the receiVer input terll\inals. For 
best result,;. hO ... ·C\'(!f. it is recommcndcd Lhllt the rccd"cr 
bc fiued with a T\' I'~; 7N-G Pnncl l'lng and th!! CliMe witb 
n T n..; 7N-~1 Coblc J Ack . These coaxinl tcrmiutl l$ are 
descrihcd on pugo.i 159. 

M ounting: Airplane-luggage t ype case .... ith C(lrrying 
handles. Both input trnnsfOl'mers OIC mOuuk'tl inside tbe 
case. Coaxilll coules. le:lds, (u \d inli lrucliou book /I re . tored 
in the covcr or the in~trllmcnt whell not in usc. 

Dimensions: 17 x 13 H x 11)i inches. over-lIll. 

Nt! Weight: 35 pounds. 

Cod~ Word 

916-A 
I'ATENT NOTICE. 

I Radio·Frcqucncy Bridgc ...... ...... . . . . .... . .l- C I VIC $350.00 
s... NOle. 16. Ii. pal" ~ i. 
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BRIDGES GENERA L 

TYPE 650-A IMPEDANCE BRIDGE 
USES: WheLher in the laboratory or on the test 
bench, the uses of lhe TYPE 650·A Impedance 
Bridge are almost numberless. Hapid measure­
ments ofresisLance, capacilance, and inductance 
are constantly required in any electrical labora­
tory. With Lhe TYPI~ 650 these measurements 
can be made convenien tly and with sufficient 
accuracy for all but. vcry precise work. 

This bridge will measure the inductance and 
storage factor , Q, of coi ls, lhe capacitance and 
dissipation fac tol', D, of condense .'s, the d-e re­
sistance of all types of resistors. In the labo.'a­
tory it is extremely useful for measuring the 
circuit. constants in experimental equipment, 
testing preliminary samples. and iden tifying 
unlabeled parts. I n tbe shop and 0 1.1 the test 
bench it has manr applications in rou tine 
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testing and fault location. Hu ndreds of these 
bridges arc in usc all over the world, in govcrn­
ment and industrial laboratories, ed ucational 
institutions. e lectric generating slations, and 
radio broadcasting stations. 

DESCRIPTION: TYPE 650-A Impedance Bridge 
is a conventional4-arm impedance bridge. 1 t is 
cntirc1r self-contained. including standards. 
batteries, and tone source, and is direct reading 
over wide ranges of d-c resistance, a-c resistance 
at 1000 cycles, capaci tance aod dissipation 

R 
factor D = \" at 1000 cycles, and inductance 

" . )( 
and storage factor Q = ~l at 1000 cycles. 

Hesults are read directl y from dials having 



 

RADIO CO. 

approx imalely logarithmic scales. The position 
of the decimal point and the electrical unit in 
terms of which the measurement is made arc 
indicated by the positions of two selector 
switches. 

Re-islancc is measured in terms of a standard 
rcsistanC'f' arm ; inductance and capaci tance are 
measured in terms of mica condenser standards, 
similar ill construction to the TYPE 505 Con­
densers. Power is supplied from dry cells. wh ich 
opera te a lOOO-cycie hummer for a-c measure­
mcnl~. Th~ bridge may also be used with an 
external gellc rator of any audio frequency. 

BRIDGES 

The det.ector for d--c measurements is a buil t­
in galvanometer. For 1000-c)'clo measurements, 
head telephones arc used. 

FEATURES: The particular value of this bridge 
lies in its complete availability and the speed 
with which the resul ts can be obtained. Sclf­
contained. including standards and power 
source, it is always set up ready for usc. The 
only accessory needed is a pair of head tele­
phoncs. Direct-reading dials make its operation 
simple and rapid. The panel photograph shows 
the simplicity of the controls. 

SPECIFICATIONS 
R.ng. : The n.n j:cs of t.he instrument Me givcn in the 
follo ... · i,l~ ttlble. T he ,lUmetiCll 1 , 'a lues tire the readings of 
the c" librntcd di'lls multil)licd by the ScI LiullS or thc decade 
selector switches. 

I/c';1Iw,ce 
Capacitance 

l ndllc/Ulltt 

Dinipafioll Faclor (~) 

S/Qr(J~ Factor (~ or Q) 

I williob rn 
I micromicro­

farod 
I microhenr,. 

.002 

.02 

1 megoh m 
100 micro­

rarads 
100 henrYI 

1000 

A"uracy: The large direet.-«:adiog dial co,'cI"$ two dccades. 
the Ill lOin decade being SlltclOd out o,'er I : inchCli ( lhree­
quartert or the dial). I l muy be $Cl to 0.2 %. 

Aceurncy of readings for cupaci tance and d--e rcsi8tance 
i. 1 % for the intermediate multiplier d~'Cadell: fot in­
dUClnna:. 20/00 The accuracy fllils 01T in the lowcr rsnp 
because of the extremely s,nnll "uloes to be melOsurcd. The 
crror incrtUkIi to 5% for Vcr)' large valuC5 of e" lwcih, nce 
ami d-e resistllnce.and to 10% for large \"alues of inductance. 

Accurac)' of rcading for dissi l>atioll factor Or for $torage 
fp ctor ill terms of il.!! rcci"rQCal is either 20 % or 0.005. 
whichever is the Inrger. 

The frequeuey of the microphone hummer i81000 c)'clu 
within ::1::5%. 

Exteltl.1 Gener.tor: Provision has been made for using ti n 
extcrlll, 1 generator. nlthough its capncihmC(! 10 ground w ay 
in trod uce IIQlIle erro r. Subjec t to this limita tion. the fre­
(pLency lU uy be vtl ried over a wide range from a few cycles 
to 10 ke. The effec t of generntor ~ round cnpacilnncc ca n 
be r~luced by using 0 T Vl'e 578 T ransrormer between 
gcnemtor ol>d bridge. (See page 79. ) The rending of the 
main dial is indet>e.odent of rrequeney. while the reading 
of the storage flle lor dial musl be mul ti plied by. und lhut 
of the dissipation fac tor diu l di vided by, the gc.ucTlllor 
frequency in ki locycles to give lhe correc t values. Provision 
i. Diode for udding e:<tcrnnl resistance if it is nCCCMary to 
iucreMe the f ll.llgC$ of lhese diu!:;. 

Power Supply: Four No.6 dr)' cells for the d--e Illeusurc­
menilland for driving the mieropiLOne hummer are required. 
Space lor them ;' provided in the cabinet, and they are 
~u "lll ied .. ·ith the instrument. A highcr d--e voltage lIlay be 
connected to t.he bridge for high-resistaoc"C lllea.surelOeuts. 

Accuso ri~s R~quir~d : lIead tcie" honcs; Westero Electric 
No. 1002-C nre rccorlJlucndcd. T o iucreasc the lJeusitiv ity. 
,1.11 luullliller i ll rCCOlluueuded. 

Mounting: illack crackle-finish aluminum pIInci 1Il0unted 
in II shiclded wulnut cabi net. 

Dimen5ion5: (WidLh) 12:< (depth) 20 x (height) 8 )1 illchc.. 
o,'cr-,-, II . 

Net Weight: 31 X pounds including batteries. 

Code Word Price 

650_A I Impedance B,idge . . . . . . . . . . . . . . . . I $175.00* 
·\\'ithOl,l {.(olephones. bu t jncludillll" lmucri .... 
" ATENT NOTICE. Sec Note 17 ..... ~ge "j. 

Schematic diagrams of the citclli18 UILt!d in T\"'t; 650-,\ Imped ance Bridge. 

RESISTANCE 
(WH(ATSfOH[) CAPACITANCE 

INDUCTANCE 
trUJ(WEW 

INDUCTANCE 
(IotAY) 

~------, 
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BRIDGES GENERA L 

TYPE 740-B CAPACITANCE TEST BRIDGE 

USES: The TYPE " IO·R Cnpacilancc T est Bridge 
is a 60-cycle capacitance and power-factor 
bridge for use in hoth laboratory and pro­
duct.ion testing of paper, mica, and electrolytic 
condensers . T he condenser manufacturer can 
use it. for production tests, the condenser user 
for acr.('ptrmCf~ tests. I t. is pa rticularl y useful in 
test.iog electrolytic condensers because the test. 
conditions approximate the Ilormal opera ti ng 
conditions fo r the condensers. 

DESCRIPTION: The circuit. uS(:d in this inst.ru­
ment. is that. of a series-resistance capacitance 
bridge. I t is similar to the capacit.ance portion 
of the TYPE 650-A l mpcda nce Bridge, bu t. 
adapted· for 60-cycle usc. One ratio arm is 
variable in decade steps, and t.he other is con­
tinuously variable and calibrated directly in 
capacitance. T he bridge mpasures Lhe direct 
capacitance of ungrounded condensers. 

Dissipation factor is measu red by means of a 
dual-range variable resistor in series with tile 
standard condenser . T he d.ial is direct reading 
in dissipation factor (RwC). Because the switch­
ing capacitances of TYPE 650-A Impedance 
Bridge are eli minated in this instrument, a 
considerably higher accuracy of dissipaLion­
factor measurement is obtained. 
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P rovision is made for introducing a £1 -<: polar­
izing vol tage in series with the condenser under 
Lest. 

A visual nuU indicator is lIsed, consisting of 
tuned amplifier and an electron-ray tube (the 
50-called magic eye). A sensitivity con trol is 
provided. With this type of null indicator , it i!; 
possible to usc the bridge as a limit bridge in 
pr-<KIu ction testing. 

Power is obtained from the 60-cycle line 
through a shielded isolating transformer. 

The com plete bridge assembly is mounted in 
an airplane-luggage type of carr ying case. Oper­
ati ng instructions are conveniently mounted in 
the cover of the instrument, and a complete 
circui t diagram is attached to the base of the 
cabinet. 

FEATURES: For production testi ng. this bridge 
has many advan tages. Power-l ine operation and 
t he visual indicator make it completely self­
cootained. It can be used in nois)' locations 
where headphones would be useless. Its small 
size and light weight arc important features. 
since it can be moycd easily and set up wherever 
necessary. 
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The range of measuremen t is wide, t he oper­
a tion is simple, and t he construction is rugged 
and pract.ica ll y foolproof. 

Care has been taken in t he design of the 
power-supply transformer to insure a mini mum 
of capaci tance between generator terminals and 
ground. As a result of this and other design 
fcn t ll rp~ , a n aecuracy of 1% for capacitance, 
and 1.5% of full scale for power factor, has been 
obtained over most. of the ranh'C· 

For testing electrol ytic condensers, DOI'mal 
opera ting conditions can be reproduced by 
lIsing a polarizing yoltage. The 3-C voltage 
impressed by t he bridge itself is small and simu­
lales t he r ipple usually encoun tered in powcr­
supply fil lers. 

BRIDGES 

Produc tion lcs l in~ of electrol ytic t:<)udcnse1'$ with 
the cu .,,,d l;lIlCC tes t bridge. 

SPECIFICA nONS 
Capacitance Range: :; I-'I-' f 10 1100 I-'f in seven ra nges.Ca rmci­
la n ~'() v tl l u~ a rc read directly from a logar ithmi() di;.l and 
m ul tiplier swi l(:h. 
Capaci tance Accuracy: Witll in :t: I % ovcr the mAin dC(;adc 
(I to II ) of the CA PACITA NCE <.1;;.1 for all multipl ier 
ileUings eXoollt .000 1. Within :t: 1.5% or ±3 I-'I-'f, whiehen~r 
is the la rger. on the .0001 Illu lli ])lic r on the main decade 
of t he CA PAC 1TANC E dial. Below 100 jJ.jJ.f the error 
graduall y increases to ±5 I-'I<' f AS 7.ero is a pproached. 
Dissipatio n Factor RaAge: 0 to 50 % in two ranges, Di!lSi_ 
pation fac tor va lues are read di rectly frolll a n engraved 
scn le (w d m ul tiplier swi tch. 
Dissipation F"ctor Accuracy: W ithiu 1.5 % of full-scale 
reading for all ca paeit;u,ce mult ipl iers except .0001. 

On the .000 1 c" paeit(lIlCe lIlultinlier a correction of 0.3 % 
s loould 110: $ubtr(lcted from l h (l d ia l reuding. W hen t his 
correctiou is mnde the cl.libr(l tion is within ± 2 divisions 
ou the xt" multiplier a nd witb in ± l d i,-ision on the xlO 
multiplier (see photograph) . 
Temperature and Humidi ty Effects: For measurements 
above 100 Io'lo'f t he aceurt.cy of lDeasuremen t is com pletely 
independen t of tell ' pera t ure a nd humirt ity condition!! over 
the range 65° Fa hrenheit 10 95° Fuhmnheil . 0 to 95% rd D live 
humidity. Vor Vef)' smaU cHpaci tancc8 the reading oC the 

Type 

740·8 I Capacitance Test 8ridge . 
I' AT ENT NOTI C'::. Sec Not"" t. 17. r>a,!!:" ,·i. 

BRIDGE 

STA::;~N 60~--~ 
I 

DISS IPATION 
FACTOR 

.L I · @ 
t I. 

jJf 

dissipation factor di(ll will be alTecled b )' 3e,·ere humidit)· 
conditions. 
Voltage Applied to Unknown: T he v" ltage im prC!l!led 
across the unknown w rminals va ries conti nuousl), wi th tloe 
bridge selling. ror vcry s lDali capncilllnccs in the lowest 
ra llge, th is voltage is 8Pllroximateh 35 vOlls. "ud it de­
creases with increasing ca t>aeillll}{;e, 80 tha t a t 100 I-' f it is 
approximately ODe volt. 
Polalizing Voltage: Termi nals for cOflncelillg a l)olari1.ing 
voltage are provided on the pane l. 
Power Supply! 10;:; to 125 \'o lts , 60 cycles. T he power input 
is 15 wa tts. 
Controls! Capacitance din I and multiplier. d i!lSipat ion fnclor 
control and m ul tiplie r. sensit;'-; ty coulrol. 
Accestories Supplied: A six- root line connector COT/I, spa re 
fw;cs li nd pilo tlnmlli!. 
Vacuum Tub": One each of ty \X:~ 6X S, 6J7, 6E5 ; aU arc 
$ul)j)licd wi lh the bridge. 
M ounting: Porta hie Cllff)'ing Cilse. of airplune-Iuggngc 
construction. 
Net Weight: 19 pounds. 
Dimensions: (Le ngth) 14 % x (width) 15 x (height) 9 J{ 
inches, over_ nil . ind udi u!;: cover nnd hand les. 

Oxie Word 

AMPLIFIER 

Price 

$ 140 .00 

VISUAL 
INDICATOR 

V-2 
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BRIDGES GENERAL 

TYPE 740-BG CAPACITANCE TEST BRIDGE 
USES: T he TYPE H O-BC Capacitance Tes t 
I3ridgc is designed for measurements where it is 
desired to ground one side of the test sl>cci rncn. 
I t. mee ts the requirements of the electric power 
industry for shop tesls on insula tion, particu­
la rly the measuremen t of Lhe power faclor of 
bush ings, insulators, transformer insulation, 
and cables. 1t is also useful for measurements 
in the field , where the adjacent bus potentials 
arc not grea ter than a few thousand volls. A 
booklet describing these uses of the bridge wiU 
be sen t 0 11 req uest. 

i\ lalJufacturers of electrical equipment will 
also fi nd this bridge useful for production tests 
of insulation. T ypical of such tcsts are the 
measurement of bushi ngs and insulators, of 
shielded cables, ami of w i nd in~Ho-ground 
capacitances of transformers. 

1n the communica tions industry there arc 
maoy capacitance measu remen ts that require 
one side of thc unknown to be grounded, among 
thcm checking the ca p<'lcitanr.c or r.irr.uit ell!;­
ments to chassis in radio receivers, and the lo­
cation of breaks in the inner conductors of 
coaxial cables. 
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DESCRIPTION: The bridge is si mil ar ill general 
design to the T YPE 7'IO-ll , but the circui t is so 
arranged that olle or the utlkuOWII tcnni w.ds 
is grounded. 

FEATURES: 1u the measurement of small ca­
pacitances, tile groul lded terminal eliminates 
the disturbing effect.<; of moderate 60-cyclc 
fi elds, such as are usually cncountcred in labo­
ratories. For power-factor measurements on 
bushings, the facl that lhe bridge operates at 
low voltage gives it a considerable advantage 
in cost and size over high-VOltage equ ipment. 
Comparative tcsts have proved that thc opcr­
ating vollage has practically no effect on the 
accu racy of the results. 

Tbis instrument is qui ll..' usable in the 
presence of moderate electrostatic fields such as 
might be encountered in laboratories with over­
head voltages of the order of a few thousand 
volls. For measurements of bushi ngs and insu­
lators in the neighborhood of high-tension bus 
structures or lines, howevcr, the bridge cannot 
be used salisfactoril y unless Sllfficicllt exLernal 
shieldi ng of the bushings is provided. 
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SPECIFICATIONS 

Cilpildqnc~ RangE: 5 I'I'f 10 110 /If in ",it rnngCll. Copaci. 
bluCC! vu lue8 are reod directly from 0 logoril lllll ie dio l and 
multiplier swi tch. 

C,pilciqnCII Accurllcy: Wilhin ± I %over Ihe main d .. -eude 
(l to II ) of the cupaci lonce dial for all wultiplicn! excepl 
II,,! 0.0001. If t he ;o;ero cn pacitanoo of the bridge (a l)proxi· 
",,:oU'I)' 12 ,.,.f) is token into considenolion, an "ccurnc)' uf 
± I % or ±2 IIl1f CUll be obtnincd 01) this 0,0001 mul liplier 
... nge. Below JOO ""f the error gr(lduall)' increases to ± ol llJ.< f 
as zero is al)l'fOaCh .. -d. 

Because the scn~iti v ity is low a l high values of unknown 
cOIWlcitauce, the bridge is not reeonuucudcd for nccur(,tc 
mcltSurcmell l$ above 10 J.< f, 

Dissiplltion F,Iclol Rllng~ : 0 to 50 % in two ranges, Diu i­
pllt ion foclor >'(llue$ nre read direc tl y from (lU engraved 
scal" and multi plier 8"'ilch, 

Diniplltion F.~tor A cculllcy: Within 1,5 % of full -!!Cule 
reading for a ll CU II!H,:i lu nce multi"lief3 exoollt 0,0001. On 
the 0.0001 ea pucitauce Ul ultiplier u,easureln(lIlls to within 
1.5 % of full -3cale rendi nJ> can be nmin t.uillcd , provided Ihe 
initial diSlli pation fa elor reading is luken into consitJcr;ltion, 
T he approximate DC product of the initial bnl .. nce is 60. 
where C is e:fpressed in micromicrofllrod, lOod I) til per ttul. 
T h_ statements hold only over the maiu de<:adu of lhe 
capacita nce dia l (l to II ) , 

Tempellture ~nd Humid ity Effecls: Over the notlllul ra"ge 
of room condi tions (65 0 Fahrenheit 10 95· Fahrenheit. 
o 10 90% rdath'e humidity) the IlCCUflIey of ca paeil.(lnoo 
;II(Jkalion is complel«ly iudependent of lellllJoeroture Oll tl 

hU'nidity. Under lICvere humidity condit ions. however. tl 
small error in di;;si l)atio ll factor read inG limy occur. The 
error due 10 th i~ cnuse. howe\'er , will be less tl"'n thc 
nOlllinullinlilS definct! uoo>'e. 
Voltage A pplied to Unknown: The >, oltage imprCll8t.>U 
a.CI'0i8 the br idjle il ll t>l)ro~ilna tcly 80 volt", jond the portio .. 
of thnl voltage thut is imllressctJ acrOQ the u"k nown con· 
denser ca n be oblained from the ralio of the unknown 
eallllcita!lce to the I landor<l capaeitance. The standard 
condenser has a ca p&eitnuee of 0,01 mir roforad, IiO thut. for 
smull eDI~ei tancCII of the ordur of 1000 II lieromicrofarods 
or below, «!;s()lltinlly 80 >'o lls are imll ressed aCl'oss lhe 
unknown lcrmim,ls. wherens for I"rl,"(:r ca l)uci tnnCCII the 
\'o llnge ~ I erw;s the Unkllown rapid ly decreases with in­
creasinS "" paeilanoo, 

'/ :vpt 

740·BG I Capllcitance Test Bridge , 
PATENT NOTICE. s.:e NolC* I. 17, r.~g<: "0. 

• 
UNKNOWN 

• 
G 

BRIDGE 

S 
o 

l\ leosuring 11lIshings on " Itora~e rack with the 
']" ' 1'1> N O-I3G CUllileitance Telt BridJl'e. 

Power Supply: ]0,; lo J2':; ~oll!l , 60 cyclCll. 
Power Input: ]5 ,,·al lll. 
Conuols: Cnpnritnncc di,, 1 " nd mnltiplirr. dissi lmtion r"ctor 
di,,} and mult ip]ier, >Se nsitivity .. 'Oulrol, and l)Ower-S UPIJly 
reversing ilwi tch. 
Accessories Supplied : A si"_foot line ool"10CIOt cord , ~par<l 
fuSCI and pilot l"mtlS. 
V.cuum Tubes: Onc each InJC3 6X5. 617, 6E.:; are all 
supplied with Ihe bridge. 
M ounting: I'orh.ble c(lrryillg emle of ain.lane-Iuggage COn­
~truct ion, Currying elHl(: i~ lined with COt'per to insure 
frl.'Cdom from c!eetroslntie t) i c ~u]l in the jllli lrUlIlent, 
N~t Weight: 20 poullds. 
Dimensions: (Length) 1,131 X (width) 15 X (height) 9X' 
inchCll, OV('r..aIl, including co,'cr and haruJI CII. 

COOe Word 

. . . . . . . . . . . . I 13.\8" 1. 

AMPLIFIER 

V-I 

+ 

$ 160,00 

VISUAL 
INDICATOR 

v-z 

o 
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BRIDGES GENERAL 

TYPE 667-A INDUCTANCE BRIDGE 

USES: T his bridge is designed for accurately 
measuri ng the inductance of small coils having 
a low value of storage factor, Q, a~ aurl io fre­
quencies, such as arc used in radjo receivers. It 
is used by many coil and recei ver manufacturers 
for all audio-frequency measurements on the 
tuni ng coils for radio receivers. It is capable of 
measuring higher va lues of inductance (up La 1 
henry) ond hence can be llsed as a general. 
purpose inductance bridge. Wheu connected as 
a Campbell mu tual inductance bridge, it can be 
used to measure mutual inductance i ll terms of 
the inter nal standard. Term inals are provided 
so that the bridge can be COUIlIx: ted as a reso­
na nce bridge for such measurements as the raLio 
of a-c to d~ resistance. T he d-c resistance can 
be determi ned by using a battery and galva­
nometer in place of the usual a-c generator and 
detector. 

DESCRIPTION: The schematic diagram ofTYN: 
667-A Inductance Bridge is shown on page 79. 
J t differs li t tle from that of the usual inductance 
bridge. Cer tain design features, howe,'er, have 
been in trodu ced to elimina te residual sources of 
error and to make the bridge direct reading. 
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The variable resistors in both the standard and 
the unknown arms ure inductance compensated, 
identical in construction with TYPE 668 Com­
pensated Decade-Hesistance Units and TYPE 
669 Compensa ted Slide Wire. 

The variable inductOl', LII , in series wi th the 
unknown makes it possible to obtain a final 
inductance balance independen t of the resistive 
balance of the bridge. The st.andard inductor is 
wound on a ceramic toroidal form in order to 
minimize magnetic coupling with tbe variable 
inductor. The switch, J(, is used when the 
bridge is connected as a resonance bridge. 

FEATURES; High accuracy (within 0.1 ph) for 
the mcasuremenL of small inductances is one 
of the outstanding feaLu rcs of this bridge. Coils 
of a few microhen rys inductance cannot be 
measured accura tely on the ordinary bridge, 
owi ng to the errors introduced by the (1) sliding­
zero balance (reac tive and resistive balances not 
independent), (2) variation of inductance with 
setting of any decade resistors used in the bridge, 
and (3) capaci tance across the resistive com­
ponent of any of the arms. These are eiiroinalcd 
in thc TYPE 667-A Jncluctance Bridge. 
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SPECIFICA nONS 
Ranse: iuduc \.u uce, 0.1 m i<.Toheory to 1 henry. The ronge 
can be ex tended to 1111 henrys by using T YI' I:: 106 S wmlnrd 
Induc tora lIte:lClcroulstundords. W hco t he in te rnll i s tllndurd 
i~ used, the bridge will bollillce for s tornge fUC lOr3 bc ~"' ~"(: rI 
0.06 and infin i t y (It Ike. 
A CC UldCY: i nd uc tnnce. ± O.2 % or ;i:O.1 ~h . whichever is 
the grea ter , for th ree slIla ller lllui t i])lier seUill/,'3 ond a t 
I kc; ± O.4 % for t he iorges l lU ui ti piie r III 1 kc. T he lurger 
error is C;II U fI(.'(\ by the C8 lluci la ncc acrQ!I.'J the unk IH,l" ' 1l 
ten ninols lind is redut"ed o t lower freq ueucit. ... 
Frequency Rangll! : All cu tibralion adjus tUlcn Ui ure Illude (It 
II frequency of I kc. The bridge can be used (It nny f ":.'<lucncy 
between 60 c)'cle. li nd 10 kilocydCti . Ull t errors fflIul l ing 
froll\ II lmy CII\ll". ilnnce increul!C ,,·it!. frf:<llIcucy. T he CII ­
Il(lcit (l nt:i: uc r0!!3 lh~ UN KN OWN tcrm in" t$ i~ " l'l'ro)(i­
nmtcl}' 90 1J1Jf. When high ,·,. IIl e!! of induc tance m e me"" ­
uH.,d with ed ern,.l Ht ill"Jant ~. the rr~'(I Il" Ue)' mUlI t be 
lowered 10 :" 'oid r,,>!Q ua nce en'ccls . 
Standards: The ~ talldard ind uctor is fI I_milli henry to roid 
wound 0 11 " eerumic form. Hcsi$tanoo bll lunC(l o f the bridge 
is w ade by ttle(an8 of "II i lloJu c tu nOO-COIU IIC ,, ~n ted resistor. 
Mounlins: T ho bridge i~ eUI)])licd for cubine t mounting. 
A ccessories Required: Oscillator, amplifier. fi nd h!l"d lele­
Ilh ...... <!*. T YI' y. 600· ,\ Oscillater (see page 9 1) , i ~ f CC­

ollintended. Any convenieut oud io-fre<tuene)' alUllli fier i~ 
$3 lidacto ry. 
A ccessorie1 Supplied: Two Tn'~ 2i 4.NC S hie lded Con· 
due tonl . 
Dime nsions: (Len; t b) 17 % x (wid th) 16 x (he ight) 9 }i 
inehes, ovcr-all . Net Weis hl: 33 pound ~. 
_.:.Ty"p<"-, ________ --;cc.d=·=Wor~ri~ 

667-A I lndUClanCll! Bridge. . .. :11 11, 1$325 .00 
PATENT NOTICE, Se~ Note 11, ,>tlNC 0;' 

BRIDGES 

A 

'--_-;I D 

TYPE 578 SHIELDED TRANSFORMER 
USES: A shielded I ransform cr is necessary in a 
direct-reading a-c bridge to isolate the bridge 
from changes of electrostatic potential in the 
cxternal circuit and to reduce the effect of the 
capacitance of this external circuit to ground. 
Obviously. the transformer can be used to 
isolate the bridge from either generator or 
detector. 

TYPE 578 T ransformer has been designed for 
this application. h. is also useful in other types 
of circuits to isolate measuring circuits from the 
generator and to produce a balanced outpu t 
from a grounded generator. 

DESCRIPTION: This transfonncr is provided 
with two shields. one around each winding. A 
third shield effectively grounds the core lami­
nations. The accompanying diagram shows the 
arrangement of shields and the capacitances 
bctween elements. 

FEATURES: The rl irp.ct r:npacila ncc between 
windings is less than 0.3 p.p. f. The capacitance 
placed across the bridgc arms by the inter­
shield capacitance is only 30'p.,.,.f in place of the 
large generator-to-ground capacitance which 
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exists when no transformer is used, and is 
balanced to grou nd . This small value of capaci ~ 
lance is obtained by maintaining an air space 
betwccn primary and secondary shields, using 
eight hard rubber spacers O. l.inch thick. 

Each transfo rmer covers a wide range of fre­
quency and load impedance. and ca n be used 
in either djrection, i.e., can be llsed to step up 
or step down from ge nerator to bridge. Used 
th us, the frequency range is 200 to 1 a ncl the 
impedance ranb'C 100 to 1. 

SPECIFICA nONS 

TUlns Ratio: ,\11 lIIod els hn .. !! II lu rn! ra tio of" lo 1 fillet 
111'1)' be u>led equally we ll ill eithe r direction. T he a ctual 
number of tu rns for each winding is giyen in the la ble 
below. 

Frequency and Impedance Range: See lrlb]" oc to ... . 

CapaciUonce: T he di rec t cll lXlcitnfloo between p riUlary a nd 
IIc.:ondar)· windings is less tha ll 0.3 ",,,, f : tha t between the 
prima!)' and secondary shields is I~ than 30 ",,,, f. A " crage 
vulues for the ellpacita "c;a in the dingralll are : 

Ct. O~. C~, C, .. ....... , .......... tnch 200 -"",f 
Ca..... . . 0.3 ",,,, f 
C? Cs, .... ellch 70 ",,,, f 
Ci. . . 30 ",,,,f 

Winding Inductance: T he npproxilllnte inducta nce of (lny 
winding is «IUIII to the BQuare of the number of turns 
multivlied b y 3.S x 10-6 hen.)·s. 

W inding R,uist.nce: Th~ d-e r(:llis ttluce of II ny winding (in 
ohms) is II Pllroximlltcl)' 30 times the induelallf'e in hcnrys. 

Applied Voltage: The high.jmr>ednnce ... ·inding of TYf'Y.s 
578·'\ or·1l ' ''IlY he t:onllee ted direc tl y nerO/llol a 115·volt. 
SO to 6O-eyde line if tl,e impocdOllce connected to the other 
winding e(llluis or o: xeeed~ the lowest v(t lue given unde. 
" prima.)' im pednnC(l" in the toble below. The TYp~ 578· 1.\ 
111(1 )" he U::lt.-d at :!5 cycle'! Huder the wille condi tions. 

For TYI'~;s 57S.A or - Il . the low·impedance winding mn)' 
be connected d iroody to 0 115"'0It, 50 to 6O-eyo:le line. 
II.o>'ided that the . C>lis t'-lllce ac. oss the high. impedance 
winding exceeds 10,000 ohms. The Typ!> Si8· B mo )" be used 
o t :!5 c)'des under the sa tue conditions. 

Iruul. ti on: T he insulation from winding to winding and 
frO m windi 'l,,~ \0 ClOse will withstnnd 1000 \' 0 11$. 

Mounting <lind D imensions: These tranllformcrl (o re mounted 
in M odeJ B ':lIolC>! (lICe page 103 for dimCII$iOll8). 

Net Weight::! ~ pound,. 

GENERAL 

= 

C, s C, 

rr---ilf--C,---, 

C D 

( ..loon) Thill diag.am ,how1l a g rounded 
!>ridge sUllplied through a double-shie ldcd 
Lronsrofmer. When the case is grou",Jed . thc 
e(lpacilanoo placed across cach ca l)neitance 
nrm is 40 ",,,,r. This value is known (lnd ill oon· 
, iderobly smaller thall the unknOl<"11 gener­
Ill.Or·to·ground cilpueitllnce which usuall)' 

exists when 0 transformer is not used. 

57 8·A 6ooto!Noo I SOeY.:Jes lo lOkc l 50 !"! to::;Hl I I k!"! to 100 kn [ TAnl.~ 51 5.00 
578·8 loooi04ooo 20c~' elC$ to S ke 600106kO 1.:!k!'! loJ 20 kO TI'_,"OH 15.00 
578·( 60 1.0 240 :! ke to 500 kc 20!'!1.O:! k!'! 0.'1 kO to ,10 k!'! TErm 15.00 

· Th_ raneel a ... ror trtll lltmi.ion within 6 db. At ul.tetneS of both impedance.nd fr«Juency ,.. n"",. the I,..nom;'io" m~y be down 
by 12 db. 
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TYFE 561-0 VACUUM-TUBE BRIDGE 
USES: T his insLrument makes possible accu­
rate measurements of the three fundamental 
vacu um-tube parameters: amplifica tion factor, 
mutual conductance or transconductance, and 
pla te resistance; ovcr wide ranges of yailles. The 
accu racy is sufficient so that the bridge has 
found acceptance among tunc manufacturers as 
a standard of reference for tube measurements, 
particularl y wherc extreme values of the pa­
rameters arc encountered and where ordinary 
measu ring circu its become untrustworthy. 

In the field of development and research the 
instrument, in additioll to providing accurate 
measurements of the usua l tube parameters, 
affords a means of studying [.he behavior of 
tuhes uscd in unconventional and special 
circuits, when anyone of the electrodes may 
be used as the operating electrode and whero 
the parameters may have negative values. 

The tube circuits have large enough current­
carrying capacit)" and sufficien t insulalion so 
that low-power transmitting tubes may be 
tested in addition to receiving tubes. 

DESCRIPTION: T he bridge makes use of im­
proved alterna ting-current null methods of 
measurement, in wh ich phase shift and capaci­
tance errors have been given special considera­
tion in order Lhat the opera Ling range or Lhe 
bridge may be as wide as possible. Each of the 
three coefficiellts is obtained in terms of the 
ratio of two alterna ting test voltages. A third 
vol tage is €'m ployed in thecapacitancebalancing 
circuit, buL its value docs not enter into the 
resulls. A complete analysis of the bridge 
circu its will be found in the paper " Dynamic 
Measurcment of Electron-Tube Coefficients" 
by W. N. T utt le, Proc. !.H.e. , June, 1933. 

An extremely flexible arranl?cment of the 
tuhe control circuits makes I t possible to 
measure the tube parameters referred to any 
pair of electrodes. Connections from the tube 
under test to the measuring circllit are made 
by means of concentric cables and jacks, con­
nected to an eight-tcrm inal jack platc, mounted 
on Lh o panel. Sixteen conccntric pIngs arc 
mountcd 011 the panel , permitting a wide va-
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riety of in terconnections betwccn the jack 
pla te, the measuring circuit, and ex ternal bat­
teries. Eight adapter plug plates. each carr.ying 
one of the standard type tube sockets, arc pro­
vided, so that any commercial receiving tube 
can be measured. 

FEATURES: The procedure in maki ng measure­
ments is simple und straightforward, and is 
cxactJy the same fo r the three cocmcicnls : am­
plification faclor, pla te resistance, and trans­
conductance. A th ree-posi tion switch is turned 
La wh ichever quantity is desired , mulLiplicr 
switches are set at the appropriaLe value for 
the lube being tested, and balance is obtained 
by adjusting a three-decade altenuator and a 
va riable condenser. A t balance Lhe decades read 
directly, to th ree significant figures, tile quanti ty 
being measu red. 

The th ree mai n lube paramet.ersare measured 
independentl y, i.e. , none of the balances de­
pends in any way on any other so that inde­
pendent cross checks can be obtained Crom the 
known relationsh ip among the thrcecocfficien ts. 
Negativc values of the tube coemcienls may be 
measured as readil y as positivc values. 

The method of balancing out the effects of 
the tube inter-clectrode capacitances is a more 
satisfactory onc than has heretofore been 
available. Not only is the accuracy of the 
measurement thereby considerabl y improved, 
but all three of the usual parameters ma y be 
measured independently over a much ,vider 
range. For instance, the mu tual conductance of 
a tube having a high value of grid to plate 
capacitance can be measured without an y error 
from this capacitance. 

" s r(p 
ATTEMl,IArM " CAP_ClTlNet 

8A\.ANC( 

GENERA L 

MCI"'A\. 
/'Ar r[HUO.rM 

Simplified d iagram of the ci rcuit C"'I)lo~'cd for the 
mea~urenlC"t of Iruu!lCOnduclance ",ilh the T VPI! 
56 1- D Vacuum-Tube nridge. The a-<: 1)lu le current 
resul ling from the nplllir.nlion of tl to Ihe grid ill 
bolauccd by an e<Iunl und oppOSite cnrren t npplied 
10 the plale from the toUI'CC eJ. through the s tundard 
rClSiswuce. T he !Cuing of the decimal a ttenuator ot 
tho bottom of the pund gives the significrlllt fi gures 
in the result, ond the se tting~ or the slcp u ttcn"u tOnl 
(ft And ... ) ind ic"Ie "",1 1iI'1 )·in l: r.~etoNl ( MIlL'· I !' !.'· 
IIV aDd 1,1\' 11)'& 5Y on Ihe rmnel ,,"'ilche.). 

Any quodrll t ure oomJ)Onent through the ou t put 
transformer resulting rrom the tube in terelcctrode 
capacitiCli con be balun~d out by Ihe ,·olh,gcl of the 
extra 81)lil seooudury, acti ng through the double· 
s tu tur oondenser. T hill bola n~ dues no t nffe<:t the 
b,.I(lnC('. cond itions for the in_phase comllUnenlll au,j 
con.equentl )" has no elTect on the me!l.Surement. 

The points of in troduction of the test ,'oltugcs tl 
on,j a ore changed b)' a 8"' iteh when the o ther con ­
. Iaull! lire lOellSured. Another 8" 'ilch TC,·etSefl the 
polor;ty of tl "'hen Ilega th·e valuCII of the coellk icnts 

lire to he Ille:o.~ured. 

SPECIFICATIONS 
Ran Se: AIll I)lification foe tor v.) ; 0.001 to 10.000. 

I))·n<l mic internpl 1)lote resistonce (r p): 50 ohms to 20 
mcgohUl~. 

i\ lutuol conduc tAnce (.".); 0.02 to 20.000 micromhos. 
Undcr proper oon,j ition$. the obove rungcs Can he ex· 

ccedt."<.I. The variOUil parAmeters can also he measured with 
respec t to "prious elements. such as screen grids. etc. Nega­
t ive. os well as posi tive. voluCli can be measured. 

Accuracy : Wirhi" ±2 % for rCllilhm CCB (Il. " ,,·ilch )"IOIIi­
lion) from 1000 to 1.000.000 oh ll1s . At lower " fld h igher 
,·"lucs the a~tlrue)· dccreAst"ll " lightly. 

T ho e .~ I)rClll!i on p. _ r"s .. will check 10 ±2% ... hen the 
q uanl it;e;; <l ro; oil meo3ured by the uridge, uud ... hen rp ;$ 
bel. ... een 1000 II nll 1,000.000 ohms. 

Tube M o untins: Socket adapters a re provided , as follows: 
,,-prong, 5-prong, Ii-prong. small i-prong. medium 7-prong. 
octul nnd loctol. Thus oil standard commerciul receiving 
tubes can he metltsuroo. In additio'" tit " urU vel"Sfl l" adapter. 
"'i th eigh t solder ing lup, is provided 110 tha t unmounted 
tubes. or t ubes ", ith non-4tundard bllteS, ca n be Uletlsured 
convenientl y. Tho panel jock ploto: find t he odopters are 
mode o r low-Ios.~ ycllo ,,· lxlkeli tc, reducing to 0 minimum 
the shunting effec t o f dielec tric losses 011 the d ynomic 
resis taoce being mea~ured . 

Typt 

ACCl!norilU Supplied: Two Typ!> 2701-NC S hielded Con­
duc tors for connect ing bridge to oscillator and o.Iete<:tor, 
two gr id· leod connectOTII, ,pecial connector. 
Current and Volt~se RalinS' : T he tube circuit.8 h~ '·e lorge 
enough currun t.-efl rcyins eopaci ty and suflicien t in$ulOlion 
to Iho t lo",-power transmitting tubes InOy be tested in 
tltdd ition to rettivin.t tubes. i\ l aximurn a llO"'ohle plate 
current ill 150 lila and mtlt xim um plale ,·oltnge ill 1500 vol". 
Electrode Voltase Supply: Botterics or sui ta ble power 
suppliel are neccssory for provi,j ing the va riout volto~ 
requi red by the tube under te.sL 

Bridse Source: A sour~ of 1000 c)·cles is required . The 
Typg 813-A Audio Osci1lotor or the T VI'& 123-'\ Vacuulll­
Tube Fork is suitable tor th;, purpose. 
Null Indica tor: ,\n II mplifier in conjunct ion ... ith a scn­
sitive Imir or hc.~d tele l)hollCli is retOnuueuded. 
Mountin!: Tbe i~trumenl is moun ted on a block c rockle­
lacquered a lu lll inun, panel and is furnished in a J)Olished 
"'olnut cabinet. A "'ood en ltorage casc is provided for the 
plug plates and leods. 
Dimen,ions: (Length) 18~ x ( ... idth) 1 5 ~i" x (height) 11 
inches. 
Net Weisht: 51 pouuds. 

Code lVor-d Price 

561·0 I Vacuum-Tube Bridge .... . . . . . . . . . . . . . . . . I B&lOE $375 .00 
PATEl'OT NOT ICE. Sec Note 17. paS"" vi . 
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TYPE 544·B MEGOHM BRIDGE 

USES: T he megohm bridge is very usc ful 
for measuring cartridge-type resistors in the 
mcgoiJllll'Ungcs, such as those used as grid leaks 
and coupling resistors in vacll um -lube circuits. 
It is also capable of measuring the insulalion 
resistance of elect.rica l machinery such as gener­
ators, moLors, and transformers, of electrical 
equipment such as rheostats and household 
appliances, of single conductors, cables. and 
condensers ; of sufficien tly long sections of high­
voltage cables; of paper condensers ; and of 
slabs orinsulaLing materials. Volume resistivity 
CUll be determined and its change with tempera­
ture and humid ity. Guard connections are 
provided for the measurement of three-term inal 
resistors such as multi-wire cables. t hree· 
tenninal condensers. networks. and guarded 
specimens of insula ting materials. 

T his bridge has been widely used for mens· 
uring the dielectric absorption efTecLs in the 
insuJ ation of electrical macbinery. t ransformers. 
and cables. Chargi l~g.current curvcs can be 

easily obtained, over time intervals from one 
second to many hours. 

DESCRIPTION: The TYPE 544·B Megoh m 
Bridge is a combinat ion of Wheatstone bridge 
and vacuum-tube voltmeter. 

The bridge is composed of the four arms, 
II, B, N, P, as shown fo r the OP EHATE po· 
silion in the diagram at the top of the next 
page, with the jx>wer applied across the arms, 
it and 13, and the vacu um·tubc voltm eter COIl­
neeted across the conjugate pairs, II-N and 
/J·P. For checking the galvanometer zero, the 
tube is isolated from t he bridge vol tage as 
shown in the CHECK posit ioll. with the high 
resistors, N and p , connected to the grid exactly 
as in the OPEHATE position. T he efTccLs of 
an y voltages, alterna ting or direct , in the WI­

known resistor, p . and of any grid curren t of 
the tube will not appear in Lhe bridge balance 
because they arc balanced ou t in the zero 
adj ustment. There is also a CHAHGE position, 
ill which the unknow n resistor, P, is placed 
across the arm, B. T his is valuable in measuring 
the resistance of large condenscrs because full 
voltage is applied directl y to the condenser 
which can then charge at a maximum rate. The 
zero or the galvanometer can also be checked 
at any time withollt being affected by the 
resid ual charge in the condenser. 

FEATURES: T he usc of a vacuum tube detector, 
which absorbs a negligible amount of power, 
makes possible the direct measurement of re-

The ~' .:CO II )1.s diu l of Tv!'!': 544. B Megohm 
Brill!!e. The 3(;ule i$ npprox;'lIatcly logarith­

mi ,.. over the m/lin decade from I to )0. 
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,.w 'ow ,.w , 
A 

, , 
p 

1!:'I)G~,,9;; h A ~ - 1,1, P 

B~II)G~uR; t- . e"'OCf ~c.'::::: . • GUARD ~ • "uAAD ~ ' '-- GUARD 

~ 
. 

~ N 
. ; N ~ N 

,~~ Of'£R"'~£ C .... r«:C 

These diagrtln1$ show the bridge oonnections for lhe three pooiitiont of the CHI':CK-()Pf: 'tATI'A;:IIA"CF. switch. 

siSlanccs Up to 1,000,000 megohms. T he re­
sistance scale is approximately logaritillnic over 
one decade, which gives a constant. fractional 
accu racy, regardless of setLing. The effective 
scale length for the range of 100,000 ohms to 
10,000 megohms is 35 inches. 

Approximately constant voltage is applied to 
the unknown rt.!s islor, a necessary condition for 
the proper mcasurementofinsulalionrcsistancc. 
T he a-c power suppl y is voltage stabilized. This 
elimina tes surges in charging cu rrent when 
measuring the leakage resistance of condensers. 

SPECIFICATIONS 
Range: 0. 1 megohm 10 1.000.000 Ulegolulill. cove red by II 
\Iiu l und .t S·p06ition rnullil)lie r ~ ,,· ilch. A resis tllllce of 
1.000,000 meguhrn~ CUll be d illtinguished from infinily. 

Accuracy: 
Relil/ance 

.1 :\ IQ.. 100 MO 
I 00 i\1 Q.. 1000 !'oW 

1000 1\10- 10,000 !\I 0 

Error 
± 3% 
± 6% 
± IO% 

Above 10.000 megohms, th<l errQr is Cl!o$C ntially tha t with 
which the !Kale on the i\IEGOll !'. t S diol eu" be read. 

Terminal" ALI high·yoltage terminllis lire insula ted us (l 

protection to the opera tor . A ma.timurn of 12 " 'a ea u be 
drD "' n on "horL a rcui t. 

Power Supply: '1''''0 types of power 8uppi)' are a"ailahl <l: 
( I) on u-c unit delh·e.ing d.e tes t vol toges of 500 yott!! und 
100 "OtI8 to the bridge. " "d (2) a ootl<lry poW<lr SUI,,)t)· o f 
90 volts. The a-c unit olle rules from II 105 10 125-volt o r 
210 to 250-voll, -10 to 60-cycLe line. The baltery power 
8uI,ply eons i$t8 of 2 No.6 Dr)' Cell !! and 3 Burgeu No. 
53011 '15·voll batteries. 

Oper.lin9 Vol~9';, T erminnl!! 1It<l I).ovid .. d 80 that t h<l 
bridge voltage eMl be ob tained from un extern,,! 8Our<le if 
desired . Up to 500 vol t1l eun he Ilpplied . 

Vacuum Tub.!: With batlery po""c r suppl y. a I D5_G de· 
leeto<- tube is used ; the 500"'011 power supply uses " 6K 7-G 
detector, a 6X5·G rectifie r. It 5UI-G r(l("\ifier. :md. ill the 
"oltagc regula t01"3. II 6Ji:i· G . a 6K6-G . " type -1,\1 Hll lla~ t 
Tube, a ",.1 t..-o T ·4 }i 11001.1 IUffip,i . Alilubcs lire lupplied. 

Acunorill Supplied: Wilh Il .e t)O ... er sut, ply , a ieven· 
root line-connecto r cord and ~ I)are ru!lC5. Ba u eries ore 
ILlIlI.lie<;! ... ith the baUery~IWtflled mooel. 
Mountin9: Shielded oak ('.abinel. 
Oimenliont: Cubinet ,,·ith cover closed. ( ... idth) 8 ~ ;I; 

(length) 22 J.i ;I; (height) 8 inchCII, over·a ll . 
Nil W'i9hl: Wi th bauery l)Ower supply. Z9 J.i IlO und,; 
with n·e power suPPh", 26 Ji l)Ou "II.: Tn'''' 5,1-I-PIO, I I 
poLl nds: TVI'''; (i-M-P3, 14 U POl1l1d~. 

Schematic 'lIreuil dillgr(l m of the Megohm 
Bridge. 

544·B 
544·B 
544·P3 
544·P10 

M '90hm Bridge, A-C Operated ...... .. ... . . .. . A' '<>o1' 
A(mB I~ 

A(l'I1~ 'l A"AC" 

A' '<>o''·A'' .\ C '' 

$23 5.00 
175.00 

75 .00 
15.00 
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Me90 hm Bridge, Blttery Operated (Ind. Batterie!) .. 
A-C Power Supply Un.1 Only . .. .. . . . . . .. .. . .. . 
Battery Power Supply Unit Only .. 

TYPE 729·A and TYPE 1861.A i\'Iegoh mmeters, direct-reading inSlrumenlS operating 

on the ohmmeter principle, arc described on pages 115 and 116. 
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SIGNAL GENERATORS GENERA L 

( lli ulI lrnliou sI.o",'~ earlier moocl. T.."o; SO::>· Il) 

TYPE 805-( STANDARD-SIGNAL GENERATOR 
USES: The TYPE 805-C SLandard-Signal Gen­
erator is designed primarily as a precision labo­
ratory instrument for rapid and accurate testing 
of radio receivers. Because 01" its accuracy, wide 
frequency range, and high voltage output, it 
is an almost. indispensable instrument for labo­
ratories engaged in research and design on 
radio receivers and all ied apparatus, while its 
speed and simplicit.y of operation make it well 
adapted to production lesting. 
DESCRIPTION: Functionally this instrument 
consists of (1) a carrier-frequency oscilla tor, 
(2) a lUlled radio-frequency amplifier, (3) a re­
sistive ou tpul atten uatar and a voltmeter to 
read lile Du tpU ll(n'cJ, (4) a modulat.ing oscillator 
(400 cycles and 1000 cycles) with a voltmeter 
for reading pen:entage mod ulat.ion, and (5) a 
well-regula ted power supply. 

The oscillator and amplifier assemblies arc 
vi rtual ly identical in construction, and the coil 
switching assemblies, as well as the luning con­
densers, arc ganged and driven from common 
panel controls. Seven coils ~overillg the fre­
quency range from 16 ke Lo 50 Mc arc carried 
on a selector djsc in each assembl y. An eighth 
coil position is also provided, so that an extra 
se t of coils ma y be installed if desired. The 
discs arc driven from a panel knob through a 
gear mechanism, which also brings into panel 
view a frequency range ident iGcation dial. As 
each coil is rotated into position , it. is connected 
into circuit. through silver-overla id contact 
blades , which firmly engage silver alloy brushes. 
moun ted on the tuning condenser . The contacts 
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arc mounted on pol yst yrene st rips, illsuring 
bOlh low capacitance and low dielectri c losses. 

The main t.un ing condensers arecxccptionall y 
r ugged, utilizing the Co.st frame t)l>O of con­
struction, with ball-bearing supports for the 
rotor. The plates arc shaped to gi ve a logarith­
mic variation of frequency wiLh angular rota­
t ion. The two condcnsers arc driven through a 
sct of gears, which also drive the direct-reading 
frequenc)' dial. A gcar-reduction vernier dri ve 
is prov ided, which pennits an accuracy of 
se lling of better than 0.01% for frequency in­
crements. Backlash in the gear trains is kept 
to a mi nimum by au tomatic take-u p springs. 

T he modulation level is indicated di rectl y 
in per ccnt. 011 a linear meter scale. Bot.h 400-
cycle and lOOO-cycle int.crnal modulation are 
a\'ailable, continuously adj ustable from 0-100% . 
An eXlernal oscillat.or can a lso 1>0 used to 
modulate the generator. 

The output system consists of a vacuum­
lube voltmeter, a resislive at.telluator net.work , 
a 3-foot. 75-ohm output cable, and a terminat.­
ing unit. This unit terminates the cable in its 
characteristic impedance. It provides, in addi­
tion to the nOI'mal output at37 .5 ohms, outputs 
reduced by 10 and 100, with corresponding out­
put impedances of 7.1 aod 0.75 ohms. A stand­
ard dummy antenna output is also provided. 

E lectronic stabilizer circuits a re used in the 
plate power-supply circuits, while a ballast. tube 
is used in the fi lament supply of the vacuum­
tube vol tmeters to insure stabili ty of operation. 
The stabilization eliminates the effect of oedi-
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nary lioc·yol lage fluctuations over the range 
from 105 to 125 volts (or 210 t o 250 vollS). 
FEATURES: T his signal generator provides 
signals of accurately known intensity at t be 
end of a properl y terminated low im pedance 
cable. The vol tage is tbus known at Lhe point 
of application, and Lbo necessity for computing 
or estimating lead effects is eliminated. 

SIGNAL GENERATORS 

By unusuall y careful filtering and shielding, 
radio-frequency leakage aod stray fields have 
been reduced to a minimum ; measurements 
may be made at output levels as low as 0.5 
microvolt. The Luned amplifier stage reduces 
reaction of the oULput circuit Oil carrier fre­
quency, and side-band cutting is kept vcry low 
by heav y damping of the tuned plate circuit.. 

SPECIFICATIONS 
Cellier Frequency Range: 16 k ilocytlee to 50 IUcgucyck'll. 
co"<:red in teven direct-rcllding range!!, as follows: 16 to 50 
kc. 50 to 160 kc, 160 to 500 kc, 0.5 to 1.6 \\ Ic. 1.6 to 5.0 il l c, 
5.0 to 16 il lc, 16 10 50 Mc. A fiJNIrc rflnge posil ion iM pro­
" ided so lha l II spo.'(; ;ui sel oCwib .. an be ins lalled if de8ired. 

Frequency C.libr.ti on: E(lch range is direr. t rending to an 
"'''''' flIC)' of ± I % of the indicated frequ cncy. 
Frequency Drift: Not greule r than 0.05 % on a ny fre­
q uency range fur a Ilc riou " f 5 hours' co ntinuou;s Ol"lerli liun. 

Increment.1 Frcqucncy Di.l : A slo .. -m olion vern ie r d rive 
dia l is prol·ided . by Ul(:MIS of ... hich frequency increments 
a$ ft lllll li 8JJ O.OJ % may be obtained. 

Output Voltage Range: Conlinuously tldju$lllbic rrom 0.1 
microvolt to 2 voir •. The output vol lage (a t Ihe le rmio{ltion 
of the 750(1hm oullml cable) is indicated by a punel rue le r 
lIud scven-poinl multiplier: 

Output Sydem: The oulput impedance at the pant l j llelr. 
is 75 ol rru~ . rClli ~tive. A 75-oluu ou t put CIIhle iJJ providcll , 
toge lher ... ith a ~rru inllti OI] uni l that farn ishes co" sl(l nt 
outpu t i rn pedflllcCI of 37.5. i. 1. nnd 0.75 ohms. Till' cali­
bration of thc Jrullo:: l vohmeler-multiplier comhi na tion 
is in t erm~ of the (t et unl voltage UCI"OiIS Ihe 31.5..ohm ou t­
pu t. Wheu the 7. 1 nnd 0. i5-ohm positiolls are lliSCd, the 
i",.lica led oulpu t volta);o:: must be di,' idcd by 10 a nd WO. 
respectively. A ~ tnndord dummy llulenl1ll oulpul it al l!O 
81'IIila bie at the terminalion unil. 

Output V oltage Accuracy: For ruul1illlie r seu i" I0.'8 below 
I ,·ol t t he mAximUm error ill o ullllll , ·oll>.(c is Ihe lIurn o f 
t.he a llenUAlor uud "ollmcler errol">lli~tl-d belo ... . 

Maximum Voltme te r Error: AI f,,11 dcule. ±3 % ntfre((lIen· 
d es belo ... 2:> \ l c. ri~ing to be llO'cc lL + 3% nnd - 6% :1 1. 
:,0 ,\ l c ; til. 1/ 10 fullll<:u le. ::1:8% nt frC<"lu enc ie;r belolO' 2:; 
,\ lc, rising 10 hcl ... eell + 13 % lind - 19 % ul 50 ,\ lc, 

Maximum Attenuotor Error: 
Below 3 \\ 10, ± 3 % of mc te r reading ± O.I mic ...... v() it 
310 10 ~ I c. ± 5 % of melcr read ing ±O.~ m;crQI·OLl 

to 10 :10 ,\ Ie, ± 10 % of rntle r r<:ndi ug ± 0.4 rni rrQI'oll 
30 to 50 1\lc. ± 15% of mcter rcading ±O.« ",i<:ffl,·oLt 

There iii no n tlc .uHllor errQr for the 1_"01 1 multiplier 
setting. 

Modulation: ContinuQu, ly ,'uriable from 0 10 100 %. T he 
percen tage o f modulation is indicaled by II Ilanel meier 10 
au aC(; urp<:y o f ::1:: 10 % of the meter read ing np 10 80 % . fur 
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ca rrie r freo:tuencie.s below 16 Mc; 15 % for highe r carrier 
frequencies. 

Interna l modula tion is a'·a illl.ble at 400 cycles and 1000 
eyciCli, accurate in freq ueuc)" wi th in ±5 %. 

The gencrator clln be mod ulaled by an c.d e.rna l oscil . 
loto r. Approx inoatcly 10 voll8 ll.cro"-ll 500,000 ohms lire re­
quired for 80 % "'odulolion. The over-oil modulation 
characteristic is as follo ws: 

Carr ier Frequency 
0.5- 50 il l c 

to.I-{J.5 M c 
16-100 kc 

Audio R(m!)~ 
50- l ii,000 
50-10.000 
50- 10 % Corricr 

F requency 

LeC<! / 
± I d b 
± 1.5 db 
± 1.5lib 

Frequency M odulation: Negligible fo r all ill le lllled ~. 

Distortion IRd N oise Level : T he envelopc d islortion al u 
modulation levcl of 80% i~ Ie .... than " % at 1 M c carrier 
rrequency. Carrie r noise IC\'cl is at leas t 40 d lJ IJclow 80 % 
modulaliun. 
Leakage : The rnu/l ilc tic induc tion IC:l I(!lge i~ ICM Il Ion 5 
I1I I<;:ro\'ol tlj plJ r me ter I1t n diHI""L"(: of ~ feet frQm t he gen­
erntor. T ire ~1·fou L outpu t cu bic pcrIJlilS I hc ,·eeci vc r under 
tLost to hc kcpl beyond Ihi ~ li mi t. n ,l( lill t iort li cld~ arc 
ncgl ig ible. 

Power Supply: The in$tr u"'Cll topcraIeS from nny 40 to 60 
cycle. t 15·,·0It (or nO-volt) l ille. An electronic "oltage 
regu]uwr L'Owpeu&:,lle!! for lin(· \"ollRge iluclualiollJl from 
105 to 125 volLs (or from 21 0 to 250 "olts), A maxi mum 
inpul power o r 140 wa l ls ill required. 

Tubes: Supplied ... i lh ins trument : 
2- type 1614 J-I)' pC 6SF5 
I- t ype 6C8·G l -tyJIC VH-150·30 
I- type 61.6·G l- lY lle 955 
I- type 5T .1 l - t)"l)C 6H 6 
2-1)·pC 2A:I I- Amperite 3_'l 

Accessories Supplied: Stll'en-foot line connector cord. 
~P8 re pi lo t lam ps and fuscs. sh icllled ouillul cahle (lnd lcr. 
minOtlon uni t. 

M o unting: T he pucci ~ finished in black cruckle ulld the 
<:nbind i~ blaek wrinkle finish. 

Dimensions: (H eight) 16 x ( ... idth) 33 x (dcp th) 12 inches, 
over-all. 

Net Weighl: JZO pounds, "pprolima tcl ~· . 
Codt II'Qffl Pri« 

. . . . . . . . . . . . . I $850.00 
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OSCILLATORS GENERA L 

TYPE 913-8 BEAT-FREQUENCY OSCILLATOR 

USES: This is a general-purpose beal-frequency 
oscillator that is pruticularly useful as a power 
source for tests on audi8-frcqucncy lines and 
associated networks. It is also useful as a 
voltage source for bridge measurements and 
for modulating signal generators and lest oscil­
lators. The oscillat.or call be used on either 
balanced or unbalanced systems. 

DESCRIPTION: The TYPE 913-B utilizes the 
conventional beat-frequency oscillator design, 
but. has a number of unusual design features 
that contribute to improved performance and 
case of operat ion. Two radio-frequency oscil­
lators, one fued and one variable. feed a 
pentagrid converter . The resul ting difference 
frequency, after passing through a low-pass 
filler , is amplified in a balanced, degenerat.ive 
amplifIer. The out.pu t. level is con trolled by a 
constant-impedance attenuator that is cali­
brated in decibels with respect to an output. 01' 
one milliwatt into a 600-ohm li ne. 

For permanent or relay-rack installa tion, 
duplicate outpu t terminals are provided at the 
rear of the instrument., thtough standard mult.i­
point. connectors (Jones plug). 

A neon lamp beat. indicator is provided to 
assist. in st.andardizing the frequency cali bration 
of t he osci llator by set.t.ing to zero beat.. The 
frequency dial carries a logarit.h mic sca le, and 
is driyen by a yernier gear-reduction driye. 

FEATURES: Because t he outpu t. yoltage is 
practically constant oyer the ent.irc frequency 
band and the out.put con trol is calibrated in 
db, it is possible to use this oscillator to t.ake 
frequency characteristics directly without a 
dumm y generator resistance and oscillator 
voltmeter. The use of temperature compensated 
clements in the oscillator circuits, as well as 
stabilization of the power suppl y, contributes 
to a high degree of stability. in ou tput voltage 
as well as frequency. 

Careful design of t he power-suppl y fi lter has 
reduced the power-frequency hum to a very low 
level, while e.~ceJlcn t. w8yeform is achieyed by 
improyed oscillator circui t design in conjunc­
tion with degeneration in the audio amplifier. 

Small size and light weight facilitate moving 
the oscillator abou t. the laboratory or radio 
slaLion and contri bute to its general ll tility. 

SPECIFICA liONS 

Frequency Range: 20 to 20.000 cycle.!. 

Frequency Conlrol: The main o;;ontrol is engraved from 20 
to 20,000 eyclee per second Bud lu,", a t rue logari thmic fre­
que,,-cy lIcule. T he to tal ecale Icngth il npproximately 12 
incbCfl. T he effective (lnglc of rotlliion i, 2010·, or 80· per 
decade of frequency. 

Frequency Calibralion: The calibration can be standardized 
.. ithio 1 cycle at any t ime by set ting the instrumen t to 
zero best. The calibra tion of the frequenCY oootrol dill 
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can be relied upon within :1::2% :I:: I cycle afwt the oscillator 
h"s beeo correctly tlC t to zero beat. 

Zero Beat I"dicator: " ncon law p is ,,!;Cd to iudicotc zero 
bellt. 
Frequency Stabil ity: I mproverl design of the oscillator 
cireui18and the use of tamperatW'C-oompenlllted cupucitors 
and induetaoCCll result in aD unusually high degree of 
Iwbility . 
Output Impedance: 'fhe ou tput iwpc .. houce i. 600 ohms. 
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either grounded or balanced- to-ground. and is ~entially 
constant regard less of the outputcontrol seUing. With load 
im r>ednuces of 2000 ohms or less, the output is balanced 
for all se ttings of the oulput control. With higher load 
impedances. unbalance rna)' ooeut a t low settings of the 
output control. 
Output Voltitge: Approximatel, 25 volts open circuit. For 
a matched resistive load the output voltage varies by less 
than ± O.25 dl.> between 20 and 15,000 cycle!!. The open. 
circui t oulpul voltage is approximately 40 volts with lI ,e 
output swi tch ill the III GH pcsilion. 
Output Control: The output «lotroi is calibrated in db 
referred to I milliwatt luw 600 ohm~. The tot. ... ] range is 
from +25 to -20 db. 

Output Power and Wilveform: Normnl outpu t 0.3 walt 
maximum when opernted into 1\ matched lo,.,d. wilh totnl 
hnrmollic conten t upproxillla ldy 0.3 % between 150 nnd 
iOOO cycles. Bclow 150 eycie:s the harmonic conten l in­
creases. renching approxim ately 2% at 50 cycies. A panel 
switch allow~ on increase in the outJllI t power to " mnx_ 
imum of 1 wnU. For this H IG H ()():'Iilion of the OUTJ'UT 
swilch the dis tortion is allproxi mntely 1 % betweeu 150 
und iOOO cycles and increases to 5% nl 50 cycles. Wi th tbe 
OUTP UT control turn<..,j fully on. tbe harmouic contcnt is 
npproxiUlntcly doubled when lhc oocill"tor is operated ill to 
" vcry low imt)ed.ancc. If. howe"cr, the OUTPUT control 
is turncd 3 db Or more below lhe maxi mum setting. the 
load impcdnnce 1l.18 very lillIe clfcc!. Ul)On Ihc woveform. 

A·( Hum : For NQ I\MAJ. OUll)ut the ft.·c hum is lCilS than 
0.05 % of the outpu t volt"Se a t a line frequency of 60 
cycles. :)Ud is less than 0. 1 % 'It 50 cycles. Sioce the volume 
cont rol is i ll the ontput cireuit .• the hUIlI pcr.::cnltlge doC'< 
not iucretlae for low output voltages. T lJe hum may be 
slightl)· g real er on t he lIIGH outpu t ran!;e. 

Type 
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Temperature end Humidity Effects: Large changes in 
ambient temperature nod I,umidi!y necessitate a read· 
justment of the zero-beat setting. High temperatures lIod 
uUUl idity cause a sliGht increase io distor tion and a sl igh t 
decrease in output. 

Terminals: Jack-top binding posts with standard U-inch 
spncing and standnrd Western Electric double output jack 
nre provided On lhe panel. A Jones sockct and plug provide 
duplicfite outllu ~ terminals on the buck cr the instrument 
for r.::lay-rnck iustoll"Lion. 

M ountin,: The panel is des igned for wouo ting on a 19-inch 
relny rack. but removable wooden enda arc $upplied so 
that it may be used eq ually well on a table. 

Power Supply: 105 to 125 vollS. 40 to 60 cyeles ae. A 
simple chan/l'e in the connections to the power transformer 
allows the instrllwellt 10 be used on 210 to 250 vollS. T he 
total consnmptiou is aoout 100 watlS. 

Tubes: 
2 - t)'lle 6SK7 2 - type 6V6·GT 
1 - type 6SA i 2 - type 6X5·(i 
2 - type 651-'5 2 - type VI\-150-30 

1 - 139·9,19 Neon Lamp 

Ali lire supplied with the instrument. 

A ccenories Suppli ed: A seven-foot connecting cord, a 
multipoint connector, and spare fU:>Ils and Jlilot lamp are 
supplied. 

Dimensions: 19~ x J4J.i x i Ylj inches. over_a ll. 

Net Weight: 35 pounds. 

Code Word Price 

913-B 
I'ATENT NOTICE. 

I Beat.Frequency Oscill,tor .......... ........ 1 c"noL $260.00 
Sec Notn I. 25. page vi. 

OTHER BEAT-FREQUENCY OSCILLATORS 
Other types of beat-frequency oscillators are described on pages 90 and 136. TYPE 

700-A (page 90), witb an upper frequency limit. of 5 l\'lc, is designed for wide-band 
measurcments, TYPE 617-C (page 136) has a linear scale from 0 to 5000 cycles, and is 
used as an interpola t.ion device in frequency measurements. 
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OSCILLATORS GENERA L 

TYPE 700-A WIDE-RANGE BEAT-FREQUENCY OSCILLATOR 

Panel "iil'" or "1"\"1'£ 'iOO-A Wide-Hunge BC(ll- Frc<!uenc:o: O;;ci llnlQr with T"I'~ 700-I'J \'o1t:.ge Di ,' ider. 

USES: This oscillator is useful for takjng selec­
tivity curves on tuned circuits over a wide 
range of frequencies, fo r measuri ng the trans­
mission characteristics of filters , and for lesliog 
wide-band systems such as television amplifiers 
and coaxial cables. The instrument is also an 
excellent. gcncrallabol'atory oscillator for usc as 
a source for bridge measurements and as a 
modulator for standard-signal generators. 

DESCRIPTION: Two high-frequency oscillators, 
onc fL'l:cd and the o ther variable, feed a detector 
from wh ich the difference frequency is obta ined. 
The detector is followoo by a low-pass fi lter 
and a two-stage wide-band amplifier. 

Both oscillator circuits are mounted in a 
heav y cast-aluminum box to assure uniform 
heat distribution and pract.ically perfect shield­
ing. Two ranges are provided fot' by changing 
the frequencies of both the oscillators by a 
factor of one hundred . A single switch 011 the 
panel changes f rOIll one range to t he other. 

Degeneration is employed in the amplifier to 
minimize hum <lnd distort.ion, and to equali ze 

the frequency response. Low-pass filters arc 
provided to ma intain a high raLio of desired 
output volLage to beating \,olta*,e. A pentagrid 
mixer t ube and a buffer amplifter are used to 
isolate the two osc illators elect ricall y. 

FEATURES: T he outstanding feature of this 
oscillator is the wide range of fre<]uencics which 
is covered with a single control, d irect reading 
in frequency. The frequency variation with dial 
se tting is approximately logarithm ic. Small 
variations in frequency can be made a t any 
point by the use of an incremen ta l frequency 
control which is also direct reading. A low­
frequency range has been incorporated in the 
'tYPE 700-A Wide-Hange Bea t-Frequency 
Oscillator for convenience in working in th e 
al1dio-frcquency range. A delayed au tomatic 
volume control ci rcuiL maintains a high degrce 
of constancy in the output voltage. Since the 
delay voltage used is cssen tiall y constant, it 
tends t.o maintain the ou tput levcl constant in 
t he face of linc voltage "ariations. 

SPECIFICA TI ONS 
fr tqlltncy Rangt: Two rangei< nre provided: 50 eyeks to 
40 kilocyciCB. and 10 kilocyek.,; 10 " megacycles. 
frequency Control: T he main dial - is di rec t reading in 
he(lueocy aud curTic~ t,,·o a ppTo.~imalc\y logArithmic 
frequency ~cal~ co'·ering Ihe rangC$ specified aOOve. A 
frequency T.1nge swih;:h is pro vi<Jed for rapidly chnnging 
from one range 10 the o ther. T hoce is (l lso an incremenla l 
frequene ~· oontrol which is c .. librlll~d between -100 nnd 
+100 eyek'S on Ihe low range and -10 a nd + 10 kilo. 
cycles on the high range. Any frequency change made 
with this control ad<Js algebraically 10 the frequency of the 
ma in control. 
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frCl:qutnc:y Calib ra tion: T he c" libralion ,",oy be slamkml· 
i~cd at auy time by ;;eltins the il)~lr\llllent tn zero be,,!. 
with the ):ero adjustment control. T his "djustmcilt 0::('" 
be made wilhill 5 cydc~ on the low runSe or 500 cyelc, 
on Ihe high range. 

After the OII(;i1lntQr has been (,:orrectl~· se t 10 ?ocro beH. 
Ihe (,:alibratiOI) of Ihe lDuin troq ucucy-coutrol dia l Can be 
rclicd upon within ±2% ±5 c ~·cJC$ on the low r':!I 'ge and 
±2% ±800 cycJ C$ ou the high nmgc. T he (,:alibn,\;oll of 
the incrementul frequency dial i$ within ±5 cycJCI<I or 
±500 cyde. Oil the 10'" and high ranges. respec tively. 
frc:qIlRnc:y Stability: Through careful dee;gn adcq ua tc 
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thermol di8 tribu lion a ud vcn tiiuliou orc provided for 
minimiling frequency dr ifts. The oscillator can be accu­
rately re5e t to zero beat at ony time. tJlt-reby eliminating 
crror8 caul!ed by any 8m(lll remaining fl"C(luency d rift. 
Output Impedance: The output is token from 8 1500-ohm 
"yrlon-Perry-wound potentiometer. O,)e output terminal 
i ~ groundl)d . 
Output Volu,ge: The maximum open-eircuit output 
voltoge of the osci llator is behn'Cli 10 and ) 5 volts. Bec{\use 
of lhe au tomatic "olume conlrol circuit , this voltnge 
rewoinl con>ltant wi thin ± 1.5 " «ibeb over eoch entire 
(requclle)" fllnge. 
WIVcform: The lowl hurmonic cOntent of the opeu-circuit 
voltullc i~ less thorl 3% for fn:qu enciei above 300 c)'cle­
on the low range and {,hove 30 kilocycletotl the high rauge. 
A·C Hum: When the osci lla tor ;' opcruled at a ny supply 
fre<luency eroln ,10 to 60 cycles. the })01I'cr-supply ripple 
is less t han 1% o( the ou tput. yoltllge On either range. 
Voltmdel: A " acuum-tube voltmetu circui t is used in 
the Olici llntor for tJleuSll ring the oulll" t vol tage. Thc indi ­
e(oting meter on the pund ill ealibrowu direc tly in vo111 a t 
the ou t put terminals. 
Contlols: In addition to the main Cre<luency-eontrol dial 
and the incrementa l frequency dial. there ;, a (requeue)' 
roogc , wil.(:h, aDd II :r.c ro beat adju, t ment. The outpu t 
voltage is varied by a potenliotJIewr con tro l provided near 
the ou tllut wrminals. 

Type 
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Te/min.ls; The ou tput I.(:rminab ace juek-top bindio, 
posl.!l .... ith s taDdard M-iDch 1,lOciog. T he lower tt:rwinal 
il8wuu!.led to tbe panel lO o!.l shields. 
M ounlin,: The instrument. il normally IU llplied for tabll'! 
mounting. but c.m be ensily adal)ted (or relny-ruck mount­
ing by rewoviug two wal nut brocket.! at the eu!.ls or the 
panei. 
Powel Supply: A-C IlOwer sUPllly, 105 to 125 vol IS, 40 to 
60 eyciCII. is 1I¥ed. A simllie changc in t he ooonectious to 
the power transformer a llows the iIl.$lrument to be used 
on 210 to 250 volts. 

T be 101\11 power consumption is approximlltely 85 W(ltt.. 
Tubes: The following lube. ATe used: 

2- lype 6J 5-G 2-tY IIe 25L6 
I-type 6J7 I-tYIIe 6H6 
I- t ype 6L7 I- type 5ToI 

I - neon I(lmp T-4}i 
All t ubct pre 1Il1pplicd . 

Accesso,ies Supplied: A seven-foot powcr cord , spare ru SCII 
aud pilolligh13. 
Dimensions: Panel , (width) 19 x (heigh t) I O~ inches, 
o"er-all ; dcpth behind pond , I I inches. 

Screw holes in the 118 11el a re the standllrd spacing (or 
mounting the instrument in (I s tpndn.rd 19-inch reillY 
f8 ck. 
N et Wei,hl: 56 pound •. 

Code Word Price 

700-A Wide-R.n,e Bul-F,equency Oscill.tol . OtlO .. N 5555.00 
PATENT NOTICE. ~ Noto I. pfI&"IvL 

TYPE 700·P1 VOLTAGE DIVIDER 
The TYPE 700-Pl Voltage Divider extends 

the readable range of tbe output yoltmeter­
potentiometer combination of the Type 700 
Osci llator down to 100 microvolts. 

DESCRIPTION: It consists of a ladder-type 
resistive network in a meLal container. The 
input lead and plug are shielded. By means of a 
rotary switch, multiplying factors of 0.1, ,01, 
. 001, and .0001 can be selected. 

Typ< 

The frequency characteristic is flat within 
10% , on all settings, at frequencies up to 5 Mc, 
permitling measurements on high-gain, wide­
band sys tems. 

SPECIFICA liONS 
Accul~cy : The aceuracy oe a ttcllulltion is :t::3% . 
Imped.nct: The input impedance is 2000 ohms: the out put 
impedance i. 200 ohms. 
Dimensions: (Heigh~) 'I}i x (diameter) 4 }i inches . 
Net Wei,hl, I J..i ponnds. 

COOe Word 

700-P1 1 Volta,e Diyider . ..... ........... . . . ..... . 1 OTTEII 535.00 

FUliclional schematic: diugrnm of the ·I' y .. ~ 700-'\ Widc-RIl.., ,,t: Ikat-Frequency Oscillator. 
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OSCILLATORS GENERAL 

TYPE 857-A U-H-F OSCILLATOR 
1 00 Me to 500 Me 

USES: The TYI'E S57-A U-H-F Oscilla tor is a 
power source tor measu rements and tesliog in 
t.he frequency range bet.ween 100 Me a nd 
500 Me. 
DESCRIPTI O N: The oscilla tor consis t.s of a 
but.lcrfly-Lypc Lu ned circuit and a W. E. 316-A 
Vacuum Tube. enclosed in a metal housing thut 
prov ides a moderate amount. o f shielding. The 
a-e power-supply unit is in a separate cabiucL. 

Output is obtained a t. a coaxia l j ack on the 
side of the cabinet. Output coupling is in­
ductive a nd can be varied continuously from 
ma\':im um to practically zero. 

The main d ial is calibrated directly in meg­
acycles. The vernier di al carries ]00 uniform 
di visions and co\'ers the luning range in about. 
10 revolutions. ,'0 auxiliary scale indicates 
revolutions o f the slow-mot.ion dial. 

Filament. and pla te power arc supplied by 
Lhe TYPE 857-P I Power Supply. A 3-concluctoL' 
shielded coni of 6-fooL Icngth. permanently 
connected to t he oscillator, plugs in to the l)Owcr 
sl!Pply uni t. 
FEA TURES: The TYPE 857-A U-H-F Oscilla tor 
delivers a moderate amount. of power o\'er a 
wide frequeuey range. Single-dial frequency 
cootrol , with slow-motion d rive, mak es it pos­
sible to \'ury the oscilla tor frequency in small 
incremenls. The use of thc butterfly circuit. as 
n frequcl\cy-detel'nlining element. elimi nates 
ou tpu t fluct.ua tions from erratic electrical con­
tacL, s in cc no electrical connections to the 
rotor afe needed. The insula ted ro tor shaft is 
suppo rted in ball bearings, all(l back lash is ex­
tremely low. The entirc assembly is small, com­
pact a l"~:ll ighL in weight. 

SPECI FICATIO NS 

Fu~qullncy Calibration, The frequenc)' di,,1 rends dire<:tl)' 
in mcguc)'dC$ ... illo uo n<;(;lIrnl:)' of ± l,%. H~:mLucemcn l of 
the VUCUUIll lube noll)' cau~c n "hift in the cnl ibrnlioll . " 
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trimmcr cn lKlcitor is I)rovided 10 t'()lUllCu"nte for vnrintions 
in lube CII,lIlcit"nce. 
Output Power: The OIItiliator will dcli" cr a maximum of 
ul)p roxir»lltcb' 0.5 ",,,\I nlthe highC$l frC<l u cnc ~· . "I lower 
frequell ciCII, the output incrcAsc¥. 
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Output Couplin g: By ro ta l ing theoutpu l j ack , the orien ta ­
tion of the s"'(lll Otl tl)U t ooupli ng loop can he va ri e<l from 
1.cro 1.0 lUuxi ulU lll coupling. By movi ng the j uck in or ou t, 
tl,,~ spacing between the uscilla tor tuncd circuit a nd the 
to<)J) cun be ndjust<:d iu throo steps. T he out,pu t termi uul 
is a ooaxiul pl ug. 

O utput Impedance: The o u tput S~'s tclU , with its adj us tab le 
«'upliug, is adap too ror usc with coaxi" l liutlll . "'"x;run ,,] 
powllr can be delivered to lo,ld im pcd(l nce$ in the ra nge 
normally cnoountcr(~ i n coaxi,, 1 system'! . 

Power Supply: Filament and pla te po"'cr i~ furnish",,\ lo y 
the T n!> IlS i -P l Power SUllp l )" which is lllOuulc.d in a 
IICPllrl. lc ',[lhinet with oonnect ing (;Qrd and plug. T he pla te 
vo ltugc supp lied by this un i t is lixed a t the maximum 
value for sl,fo) opcrution of tho) luoo. I t op<.Jrutes fro m (l 

105- to 125-volt (o r 210- to 250-volt) u-c li nc, 40 to 50 
c ~·c1es. W heo other types of power s upply <orc u$ed , the 
pOw er rcquirClllenlls urc : 

Filuillen t . .... . ........ . 
Pla te ..... . ..... . 

3 .65 ma at 25 "oils 
50 Ill (\. (It 350 volts 

Oscilla tion Indicato r: An electron-rllY t ube is provided in 
t be T YI,t: 857-1'1 Power Supply to ind icl. te grid cur rent 
aud t hus furn ish ull iud iculiou of oscilJa lioll . 

M Ol.lnting: Both oscillato r (l nd t he l)O wer supply uni t urc 
mou nted in meta l cuhinells. 

Dimensions: O!;()illator , 6 Ji x 7% x 7)4 inches, overall ; 
pOwer supply, 5y'! x 6% x 6Ji i " c1,,~s, o,·em ll . 

Nd Weight: Oscil lato r, 6!{ po uuds ; power supply. 9J-<l 
l)Oulids . 

(HigM) View of t he tuned ci l'c lIi l of the T n ' t: 857-A 
O;;cillat()r. showi ng a lso the output CQ upling loop and 
outpu t jack in al'proximatdy t heir norma l posi lion. 

Type 

857-A 1 U-H-F O scillator (with Power Supply) ····· ·1 
PAT E NT NOTICE: See Nole. I. 10. pap' " i. 
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Gode Word Price 

$250.00 
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OSCILLATORS GENERA L 

TYPE 608-A OSCILLATOR 

USES: The TYPE 608-A Oscillator was designed 
particularl y for usc as a tone source for distor­
tion measurements and as a power source for 
bridge measurements at. audio frequencies. 
Because of the large Ilumber of frequencies at 
wh ich this oscilla tor will operate, it. is also 
satisfactory for measuring frequency character­
istics and for usc as a general laboratory 
oscillator. 

The output. frequencies include those recom­
mended by t.be FCC for distortion measure­
ments on broadcast transmitters. This oscillator 
is recommended for use as a lone souree in dis­
tortion measuremen ts. The unusually pure 
waveform of Lhe output voltage at. low fre­
quencies makes distortion measurements possi­
ble at considerably lower frequencies than have 
hi therto been practicable. 

DESCRIPTIO N: This oscillator operatcs on the 
inverse fcedback principle. By means of a 
resistance capacitance network all freq uencies 
except the oscillation frequency arc fed from 
the output of an amplifying circuit back into 
the input in such a manner as to cancel the gain 
at all but tbe oscillation frequency. Suffid p-nt. 
regeneration is introduced in to the circui t to 
produce self-oscillation and, since this is COIl­

trolled by tbe resistance-capacitance network, 
no inductances or transformers are required in 
the oscillating circuit. A functional blockdia­
gra m of the circuit is shown on the next. page. 

T he amoun t of feedback is controlled from 
the panel, and an electron-ray tube is used to 
indica te the strength of oscill ations and tbe 
harmonic content. 
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T he desired frequency is selected by push­
button switches. Another push-button switch 
determines the output impedance. An output 
control is provided for regulating thc output 
voltage. 

FEA lURES: Both electricruly (Lud mcchnuica1ly 
the design of this oscillator is new and repre­
sents a considerable advance over previous 
practice. 

In the electrical circuit, the principle of 
inverse feedback is applied to the production of 
clectrical ascillation with the result that a high 
power output is obtained with extremely low 
distortion. Since the feedback circuit is highl y 
selective, the frequency of tbe oscillator is 
unusuaUy stable. The absence of iron-core 
inductances minimizes the amount of power­
supply hum picked up by the circuit clements. 

An outstanding mechanical feature is the 
push-bulton system for selecting tbe frequency. 

T he Type 60S-A Oscillator will produce 
voltages of excellent waveform at anyone of 
27 frequencies, ranging from 20 to 15,000 cycles 
per ~econd, and the frequency can be changed 
rapidl y and simply by means of the push­
button switches. 

Jacks are pro\'ided for plugging in external 
resistors, thus allowing operation at any fre­
quency within the normal operating range. In 
addition, satisfactory operation can be obtained 
at frequencies outside of this range, at a slight 
sacrifice ill pUJ'ity of waveform. Good wave­
form and adequate output can be attained at 
freq uencies as low as oue cycle per second. 
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For any additional frequency three resistors 
afC required , and for any set of three resistors, 
three frequencies. in decade steps, can be 
obtained. 

OSCILLATORS 

A harmonic control and elect.ron-ray tube 
are provided so that the unH can be adjusted 
for minimum distortion under all conditions of 
operat.ion. 

SPECIFICATIONS 
Freql.u/:ncy Ra nge: 20 to 15,QOO cycles. 
Frequency Conhol: 'I h<) frequency ;s controlled by two 
push.button switches. The first provid~8 frequcnciC5 of 20, 
25.30.40,50,60.75, 100, and 150 cycles, while tile second 
UJultiplies these frequencies by 1, ) 0 . and 100. The fre­
quencies :ncluded coyer prac tically the entire al,ldiblc range 
in increments small enough so that the oscinator may be 
used for measuring [requeue), charac leristics. Furthermore, 
these frcqucnciC(j include 611 importaut standard bridge and 
broadcast lC(jt frequencies. 

Other frequencies witb in the OI)Crating rauge o f the 
instrument may be obtained by plugging in ex tcrnal 
resistances. 
Frequency Caliblation: Elich instrument is IIdjust.cd within 
±2% o r I cycle, whichever is the grca ter , of the frequency 
engraved On the panel. The best accuracy is secured when 
the harmonic control is adjusted for low distortion. 
Frequency Stability: When this oscillator is operat.Cd a t 
normal room temperatures, the frequency will not d rift 
by mote tban 1% ovcr a I)otiod of several hours. The 
harmonic oont rol provides a means whereby the operating 
conditioll!l of tbe oscilla tor rnA)' be brought hack to the 
correCL values regardless of ordina r y changes in load or 
line voltage. 
Output Impe&nce: Three output circui ts are provided. 
Selcction llIUong t hcm is obtained by means o f a push­
bullon switeb on the paueL T he ou t.put impedances a re 
as follows: 

l. 500-ohm balanced to ground. 
2. 500-ohm unbalanced. 
3. 5000'Ohm uubalaneed. 
The volume control is a poteutio(lIeter in the 5000-011111 

drcuit. ThQ actual output im pedance of the 5000-oh", 
output circui t will vary betwo':cn 1000 and 6000 ohms. 
depending UPOI) the setting of the volume control. Suitable 
resistance pads keep thc impedance of the 500-ohm output 
eireui t belll'ccn 400 anu 600 ohms rc,gardlcss of the volumc 
control ~ctting. 
Balanced Output, The 500-ohm balanced output circuit 
i~ ba1auced at all frequcncics whcn operating il)IO a b(l l· 
anced load of any impedance. 
Outp ut Power: The 5000-obnl output circui t provides_11JI 
output power of o. pproxima tely 0.5 watt iuw a w atched 
load when the ins trument is operated on a 115-volt line. 
The maximum power obtainable from the 500-ohm output 
circui t is opproximo.tely 100 milliwat16. 
Waveform: The harmonic control provides II mcans of 
ohtain ing unusually pure wa~·dorm. With the harmonic 
colltrol SO set that the output voltuge is about 90% of 
maximum the d istortion will be approxima tely 0.2%. 
Bya further reduetioo of the output voltage the distortion 
will be reduccd to less than 0.1 %, OU the 5000-ohm output 
circuit. Because of distortion iu the output transformer the 
harmonic COutellt in the 500-ohm ou tput circuit may 
exceed the above values sl ightly at frequencies below 
50 eydca. 

With the hurmonic control turned full ou, and the 
oscillator delive ring ita maxiwum pOwer o u tput, the 
distortion will be of tbe order of 5%. 
H um Level: When the oscillator is properly grounded and 
operated from u 25 to 60...::yc\e line, the hum Icvcl is less 
tban 0.05 % Or 0. 1 millivolt, whichc"er is the grcater. 

Type 

608·A 
PATENT NOTICE. 

! Oscillatol. .. 
Soo Note/l I . 9. page d. 

Temperature and Humid ity Effects: Ovcr the uormal range 
of room r.ondition!l (65 0 Fahrenheit to 95· Fahrenhei t ; 
o to 95% relativc humidity) th<l o peration of the oscillator 
is substantially independent of temperature and humidity 
condi tions. 
Controls: In addition to the push-hutton swi tches for 
adjusting the frequency and the output impedance, 
harmonic output controls are provid<ld on the panel. An 
electron-ray tube provides a means for udjusting the ha l" 
monic control correctly uuder all conditions of operation. 
Except where minimum harmo nic distortion is an ab!lolute 
necessi ty, the harmonic control nccd not be rcadjusted. 
Terminals, J ack-top binding posts with standard ~-ineh 
spacing are provided for the output conoectiou. A ground 
terminal is also provided. 
Mounting, The instrument is designed for either table Or 
relay-rack mounting. T he wooden ends supplied wi th the 
oscillator arc remov<ld whcn it is used on a relny rack. 
A perforated metal shield is provided. 
Power Supply: 105 to 125 vo l ts, 25 to 60 cycles ae. A 
s imple change in the connections to the power transformer 
01l0w8 t he iustrument to be used on 21 0 to 250 volltl. 
T h<l total power oonsumption is approximately 50 watts. 
Tubes: The follow ing tubes u e u!;Cu : 1 6F5-G, 16Y6·G , 
I 6X5-G, 1 6Es. A complete set of tuhes is 8uPI)lied with 
each instrument. 
AccelSories Supplied: A 6evcp·foot connccting oord, spare 
fU8C5 anu pilot lamps, ami a I nullipoi ll ~ oonnt.~tor . 

Dimensions: (Length) 19M x (depth) 11M x (height) 
7;i inches, ovcr-all. Panel. 19 x 7 inchcs. 
Net Weight: 36J.-i pOuuds. 
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Functional schematic dingram of TYPE 608_A 
08cillator. ThQ amplifier , which ha~ a propagation 
constan t p. , is "'ade degenerative, except at the 
frequenc~' of oscillation, by meo.ns of th<l network 
with propagution constant (3, lllU~ providiu/o: A 

sharply 8cle<lLive circuit. Sufficient regeneration is 
pru"ided to Cause self-oseillaLiou. 

Code Word Priu 

. . . . . . I ORBIT $260.00 
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PULSE GENERATOR GENERA L 

TYPE 869-A PULSE GENERATOR 
USES: The pulse gcncmtor is intended for usc 
in les t.s 011 c ircuits designed to pass short elec­
tric;'11 pulses. It generales pulses of eit.her posi­
li \'c or nega live polarity. whuse width can be 
set to' ally vu lue between 0.3 and iO micl'O­
seconds and whose rCI>cljtioli rate CUll be con­
trolled between 20 a nd 4000 cycles pcr second 
frOIll all externa l a-c source. Com plete shielding 
of the ent ire instrument. makes ;1. useful for 
pu lsing standard-signal generators and similar 
oppal'aLu s, where extremely low \'oltagc levels 
arc encountered. 
DESCRIPTIO N: The microsecond pulses urc 
gcncmtcd in a n outpu t mnplificl' stngc by dri v­
ing the control grid between the limits of p la te­
current. cutoff a nd pla tc-<:ul'rent. saturation. 
E iLhcr Ix>silive or negative outpuL pul ses are 
provided by swi tching the lot.d resis tance into 
the cathode, or plate circuit. The a mplitude of 
the pulse is contin uollsly adjustable by mealls 
of a screert "oltage control. A negative bias 
voltage applied to the grid of t.his tube ma in­
tl.l ins the Lube in a cuto!r condition between 
pulses. Duri ng the pu lse pcfiod a high positive 
hi(ls is applied 1.0 tho grid. 

The I>osi tive pulse. used to conlrol the ou t­
put. amplifier, is deri"e(\ from a circui t. employ­
ing two gas-triodes. The output amplifier grid 
is coupled to the cel1ter poi ut ur these ~rics 
connected gas-triodes which <I re, in turn, placed 
across a condenscl'. A positive d -c I>otelltiai is 
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developed across the condenser terminals hy 
char{!ing it rrom the I>ower suppl y through a 
suitable series resistance, 

When the first g(ls-triode becomes (:o ndUcL­
ing, the posit ive condenser volt(lge appcurs 
across l>Ot h the output. a mplifier grid and the 
othel' j!3s-triode. Conduction ill the second gas 
triode removes the positive voltage rrom the 
Hmplifiel' grid. Simultancously, the Iwo gas­
t riod ef> now prC!Scnt a low-impedullee path 
across t11e condcllscr and dischmge it. When 
Lhe condensel' terminal vo ltllge fulls be low a 
critical value, bOll1 gas-lrio<les deionize alld re­
Slime t.heir norm al non-condllCI in~ sta t.c. The 
condenser then recharges through the series 
resis tor and the circu it is ready for a S(!C()lld 
pulse operat ion. 

The time delay he tween t he conduction 
perio<is of Ihe two gas-t riodcs determincs the 
pulse width . J\ si mple H-C circuit is employed 
fo r thi!) [lurpo!:iC. Vari able circui t elclllcnlS pro­
vide a continuous nlllge or adjustmellL 

In ordcr tha t a miel'Osecond pu lse be cleurl y 
,' isiblc on the screen of a <::iI.ho<le-ra y lube, the 
timing of the pulse .:md the sweep circui !. mus t. 
be ma intained to within a fraclion of a micro­
second . Thi i> condition must ex is t. ewn at. lhe 
lowest pu lse repetition raLes, Il encc, a synchro­
nizing circui t. with a high de/,;ree vr con trol is 
provided. The inpu t conLI'01 volWge if> fi rst recli ­
fi ed . a nd Ulen passed through a series of diffcren-
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t.in ting amplifiers. This results in a peaked wavC4 
form wit.h a sharp leading edge, and is used to 
con trol the action of the gas-triode circui t . 

An outpu t voltage is provided for controlli ng 
a high speed sweep circuit. A limited phase ad-

PULSE GENERATOR 

j ustmeo t is provided bel,\\'l.'Cll this point and 
the internal sYI)chroni7.ing ampl ifier. This per­
mits adjustment of the timing of the p ulse with 
respect to the high-speed sweep circuit of an 
external oscilloscope. 

SPECIFICA liONS 
Repetition Rate: 20 to 4000 cyclcs. Pul~c.I longer than 10 
• uicrOSt'COnd" nre limited to (I uloxiOlum frequency of 1000 
cycles. 
Inpul V o ltage: Between 5 and 10 vol tl< nrC requi red for 
normal contr()i. For impro\'cu stabi li ty a t the lowest fre_ 
qucllciC:'!, this mny be incrc(lsed to a waxiuluU) of 30 volts. 
Input Volt~ ge W aveform : This is not critical, a nd may ~·ary 
rrom a siue wave to a triangula r wa~·e. Care must be taken . 
however, to keep this s ignal rca~onably free frem l.ower 
sUPI)ly hum voltage. 
Synchronizing Output: A dipped sine wave al)pears ac ross 
the synchronizing output terminals or appro)(imatcly - 160 
and +50 peak volts. T his may be usoo to control the high­
speed sweep circuit of an osci1logmph tha t has be<'!n pro­
vided with suitable triggering ampl ifi ers. 
Pulse Ampli t ude Contro l: A I)a llel cOlltrol permits t he I)\lise 
amplitude to he adjusted from 1.elO to maxim um, with a 
negligi ble cffect upon the pulse wa~·cfOrtll . 

Pulse W aveForm: The pu lse is essen tially /Ia t-topp·ed . a ",J 
has an cffec tive ri se time of 0.1 microSC<XI ud fo r pulse 
wid ths Ic>;>; than 10 "licr05econds. For louger pulses, the 
rise tiUle is less than 10 % of the pulse width. 
Output Sele ctor: A panel switch permits any one or four 
impedances to be inserted in the outpu t amplifi<.: r, illld also 
provides either positive or negative pulses. 
Pul$e Width: T he out llut pulse is continuously adjustable 
over three ranges. These ure 0.3- 3.0, 3- 10. a nd 10-70 
microseconds . respect ively. The cu li brut ion of Ihese con­
trols is uppro)(im<ltcJy correct over t he enti re frequency 
rant;e. 

Output Amplitude: See luble below . 

Phasing Controls: PlInei cont rols lire provided to p·e rmi t 
adjus table phasing of the Olltpu t pulse, with rCS I)ecl to the 
voltage ohlainw at the synchronizing output terminals, 
o,·cr " limitoo range. 

Powe r Supply : Either li S or 230 volls, 50- 60 cycles lIlay 
be used. A vuria tion or ± IO% in the supply voltage wi ll 
ca use a minor VAriation in the output pulse aUlplitude. Hnd 
will gcnel;)lIy tcnd to chauge t he j)ulse width. For opti­
fil um perforooanct. operation at the 115- or 230-volt value 
is recommended. Power input is 60 watls. 

Accenolie$ Requi red : To drive the genera t<l r au a-c 
!IOurce is nccdoo. The General Hadio 'f l·"1;: 913-B BNlt­
Frequency Oscillutor is reoollHnenderl. 

A ccenories Supplie d: A sel·en-foot line connector oord , 
t.wo TYI'I;: 274-i\·J Plugs. one TYp~; 774-1\2 Patch Cord, 
spare fu ses, and pilot lamps are supplicd. 

Tubes Supplied with Instrument, 

2 - lype 6H6 
1- I)·pe 6AC7 
1 - type 6X5 
I-t ype VB-1 50·30 
1 - type 6SN7GT 

Mounting : Mctnl ~!l hine l. 

2 - type 884 
I-t ype 6SC7 
1 - type 6ZY5G 
1 - t)"pe VR-I05-30 
1 - \)'1>" 6L6 

Dimensions: ( Leng lh) 19 x (height) 9M x (depth) 12J,i 
inches, nver{l il. 

Net W eight: 387:1" pounds. 

P EAK OUTP UT VO LT S_OPEN CI RCU I T 

P,lise Pu.<ilivc NC?,'ali t"e 
Poluril)" OperUliug 
Olf/p'" ::!O Kn 1000 n 500 n loon LOO 0 500 Q 1000 n 20 Ko Frt1f!ml/lcy· 
Sellillg - - -

Runge A 9u BO 70 20 IB "" 150 :lOO 500 ....... 
Hange B 100 90 80 20 IB 90 170 300 500 ....... 
Hange C 100 BO 8O 20 IB 90 IBO 300 500 ~ . . ~ "r "' ''~r o, ,,,ra"',, fre" ".~c,u. ' he ,oha~ei "" II be ap,lt"'''''.' ely " " h, ~ 20 % o f ,h. ,.1" .. 8' -.0 al"" e. In ~.".<al . 
the 01"''' rirc"i, 0" '1'''' ' ·010 _50 "'illlond ' 0 dec,-.,uo ao 'ho pulse .. ·id,], and 01,."01.,,. f •• ,I" . "cy i"",-.,a.., . 

Code Word Price 

869-A I Puhe Gel"! er~tOf ...... . ..... , ..... • . ······1 $260.00 

'''-''-'-''l.--''-O-ir-~' __ -',_~L,-,-.-mC,L:"J 11I:G~~==~~2\tI;T~r~' 
CONtROL 
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OSCILLATORS GENERAL 

TYPE 723 VACUUM-TUBE FORK 

USES: The TYPE 723 Vncuum: rubc Fork is a 
compact, stable. fixed·{requcncy oscillator. 1L 
is part icularl y usefu l as a modulating source for 
s landard·signal generators and beacon trans-

mi llers, as a power source for transmiSSion 
measurements on lines and cables, and as a 
test-lone generator for communication systems. 
lls waveform is sufficiently pure to permit its 
use as a test-signal source for muny t ypes of 
distorlion measurements. Jt is an excellen t 
source of l iming pulses for oscillograms. 

DESCRIPTION: This instrument is an electro­
mechanical oscillator whose frequency is deter­
mined by a vacuum -tube driven tuning fork. 
The driving and pickup coils are so arranged as 
to load tbe tines of the fork equall y and to 
affect only slightly ilS free vibration. 

Space is provided in tbe cabinet for mounting 
batteries or an a-c powcr-supply unit. (See 
price list on page 99.) 

A lillcr and an output transform er arc 
included to suppress harmonics and to provide 
three output impedances. 

FEATURES: The outstanding features of this 
new oscillator are accuracy and stability of 
frC<lucncy. low harmonic content, constant 
ou tput, light \veight, and the low cost. 

SPECIFICATIONS 
Freque ncy: T wo freq uencies a re uvaila ble. 1000 cyclcs and 
400 c)'clt3. 

Frequency Stability: The temperature ooenieienl of fre· 
q ueney is approximately -0.008% per d egree Fahrenheit. 
The frequeucy is enti rely independent of IODd impedance. 
When the 8-C power SUPI)ly is used lin ini tia l downward 
drift of frequency oceU I'll IIlI the IClllpernt.ure of the fork 
i, tllfeded by hClI l Generated in the power-supply unit. 
The total frequency drih i~ of the order of .1;;% 10 .2 %. 
l\lost of this drift., however. OCCUI'lI in the fil'll t 30 minutCli 
of operation. 

Aeeuraey: The frequeuc)' i, adj usted to within ±0.01 % 
of ita ~pc<:i ficd value. (It 7.1 · Fabrcnhcit. 

Output: Tbe out put lo II IUIlt.che(1 lood is approximately 
50 milliwalls. 

Internal Output Impedance, Output impedances of 50.500. 
nud 5000 ohms ure provided, 
Waveform and H um Level: The total ha rmonic content 
is less lhu'l 0.5%. The hum is neGligible. 
T elminals: Binding poo:ts for the ou tpu t circui t {IN! mounted 
on the JHOuet. Battery lcrminlll, {Ire b roUGht out to sunken 
&Crew heads on tbe panel to permit measurement of the 
bn ttery vollllges. 
POW~f Supply: The ;ostru ruent ;6 osai lable for ei ther 
battery operution or for opera.tion from 105 to 125-volt. 
50 to 6O-cycle line. For battery opera tion ODe nur~ 

t ype 4FA ( I )+vo lt) and two Burge'" type Z30·N ('l5·vott) 
nrc required. The balteriC5 and a-c pOwer supply ore iuter· 
d'nnl:l('nble. T he po wer sUP I> I)'. T ypy. 723· Pl. is (Iv(lilnble 
8ellUrutelr. (See I)ricc 1i,t.) The ON·OFF swi tc h is a rrnnged 
to control the n·c line or the bntter)' current. 

Schcltlnlie wiring ding-rum of Tn'£ 723 Vacuum·T ube Fork. 
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Vacuum Tubes: 
for buttery supply ; 1 tY fMl IA5· G 
For R-C supply: 1 type lA5-G 

J type VH_I05_30 

The ncccBIlary lubes nrc supplied. 
A ccessories Supplied. A !levell·root line connector cord is 
suppl ied with the 8-C opera ted mood. 

OSCILLATORS 

Mounting: The oscillator assembly is moun led on a bakelite 
pauel and is enclosed in a w(llnut ca binet. 

Dimensions: (Length) lO7i x (width) 6y.: x (height) 
., U iuches. over-all. 

Net Wll:i Shl: Jl v.: pounds. including oottcrics; 9 pounds, 
wilh n-c su pply : 8-C power supply a lone, 1 v.: pounds. 

Type f"r~quency Power Supply· Code !Vord Priu 

723-A 1000 cyclei Batteries SN"'K~: 570.00 

723·( 1000 cycles 1 05 to 125 volts, SOLII) 90.00 
SO 10 60 cycles 

723-8 400 cycles Batteries STOIIY 70.00 

723-0 400 cycles 10510 125 volts, SOL':v 90.00 
50 10 60 cycles 

723-P1 A-C Oplilnttld Power Supply Only . SN""~"'P"'CK 22.00 

723·P2 Sill of R~pl"cem~nl Ball~r i~' . . . .... . . $ N"KF. ... II"TT 3.85 

' Ineluded in price. 

TYPE 813-A AUDIO OSCILLATOR 

USES: The TYPE 813-A Audio Oscillator is in­
tended for the same general appl ications as the 
TYPE 723 Vacuum-Tube Fork, but where t.he 
requirements of waveform, st.ability, and out.­
put arc Jlot so severe. 

DESCRIPTION: This instrument is a battery­
operated electro-mechanical oscillator in which 
the freq uency is determ ined by a tun ing fork. 
Two microphone buttons, one for the dl"iving 
circuit. and one for the out.put ci rcuit, are 
moun ted at. the side of the fork in such a manner 
as to load the tines equally and to alfcct only 
slightly the free vibration of the fork. 

The fork itself is mounted rigidly at the heel 
beneath a metal base panel which carries the 
driving electromagnet. This base panel is sus­
pended from the bakelite panel with four re­
silient mount.ings. 

A filter and ou tpu t transformer are placed 
inside the cabinet underneath the fork. A 
battery compartment is also provided alt hough 
external batteries may be used, if desired. 

Schematic wiriuJ!' tliugram of T"'l'E 813-A Audio Oscillator. 

""" , 

~ ( - ' ILTU -"rr~ ~ TRANSl'OfNtR 

~ 

... 

FEATURES: Good waveform and frequency 
stability are among tlte features of t his con­
venient tuning-form oscillator. The mecha nical 
construclion is rugged and the fork is protected 
from (lirt and external injury. 

SPECI FICATIONS 
Freq uency: 1000 cy<:l e8. 

Frequency Su.bility: The tewperatu~ coefficient of r~ 
(IUcncy is - 0.008% per degree Fahrenheit . Tbe voltage 
coefficient is less lhan 0.01% pcr volt. Ti re frequency is 
entirdy iudelxmdent of loud impedance. 

Accuracy: T he f~quency is adjll~ lcd within 0.5% of its 
spc<:i fi ed value. T he aclual frequency is measured and 
rcc<>rded on Ihe bRSC of Ihe wbioet 10 an accuracy of 0. 1 % . 

Output: T he oul.put to B malched loud irnpedanoe is 20 to 
30 milliwa t ta with 6-volt drive and 10 to 15 milliwatlll with 
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4 }i.voltdriHI. When t he oscillator i~ opcno ted ooutinuousiy 
for IiC vcral hourt. the ou lp ullll:>y drop tJelo ... · thC$C v IlIIlClii. 

Int!!rn.1 Output Impcdltn(c: Output impcdOllccs of 50.500. 
and 5000 ohms nre provided. 

W.veform: The total h;.rmOIl;C content is Il IJproximatciy 
0.15% wilh " *"oiL dri,'c Dud IlPIJro ~ltlla lel y 1% with 
6" '011 dT;'·C. 

Power Supply: for in termit tent opera tion wi lh (I moden.te 
po" 'cr output, 00 inte rnal "* "olt baIler)" C3n be used . 

813·A 1000 e)'des 

For &:rcltlc r o ull)1l 1 or 1'(IIII ;nUOII& operat io n . li n c:; tc rual 
ba lle ry of ,, ~ to 6 volts should lie used. B:lt\criC!l \Ire not 
supplied. 

Terminals: Binding poll'S for W.e vower IIlIllpl )' li nd for the 
output c::ircuil Me provi,jed on the pm,e1. 
M ounting, T he fork is &U$llendcd fmlll , metal plAte on II 
bakelite psnel and is cnelo.sed in II. wahlut cal,;ncl. 
Dimentiont: (Length) 9 X ( .... idth) 5 X (height) 6 inehes. 
over·all. 
Net Weisht: 8U pound>!. 

Pr ;u 

ANC": I. $34.00 

TYPE 572-8 MICROPHONE HUMMER 

USES: The hummer is intended for use as a 
low-powcr a-c source fo r bridge and othcr 
mcasurements where extreme purity of wave­
form and frequency stabili ty Ilrc not essential. 
This type of oscillator is llscd in t he TYPE 650-A 
Impedance Bridge IlS the lOOO-cycle in ternal 
generator. 
DESCRIPTION: A luned reed determines tlte 
frequency of this electro-mechanical oscillator. 
A microphone button is mounted ncar the reed 
to pick up energy for conlinu illg I he oscilla tions. 

FEATURES: The T " P I~ 572-B )licrophone 
H ummer is ex tremely compact, convenicnt., 
simple to IISC, and inexpcnsive. 

SPECIFICATIONS 
Frequency: 1000 eydes ± IO%. 
Output Power: AI)IlTOXilllal.(:ly I:; mill i"'!ltl8 ... ith 'Hi-"ol t 
drive. 
Inle rn. 1 Output Impedlnce: '1''''0 im pedaueeB nm'n'oilablc, 
10 or 300 oh",,,. 
W.veform: I n thi~ t )' PQ o f osci llator. d istor tion " uri C$ con_ 
" idcfu[,ly .. i~I, " "'"I"",i';;111 "dj"~ l,,":" t ..... r;,i lli;: vol t"~,, . 

Schemntic wi ring din~mll n of the miero rohonc hummer. 
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and other opera ting pnru."leWr6. Consequentl y. no definite 
Sileeilkatiolls enn be l iven. 

Power Supply : The hu mmer ill designed to operate from a 
>l M-voIL balte r ~·. A 6·volt dri '<e enn be uscd if mom l)O wer 
is dC$i red. 

Terminals: SolderiuJ; lUKe IlrC Ilrovided. 

M o unting: A c8 . .... aluminuUl Ulouulinll ImliC i" used . (&,-c 
sketch.) 

Dimensions: (Lcul!thl 3){ x ( ... idth) :!}i x (height) Hi 
indICt!. over-nil . 

Net Weight: 9 ounce<. 

512·8 Microphone Hummel ...... . .. . .. •• AI' III S $10.00 

LOW FREQUENCY TUNING-FORK OSCILLATORS 
suitable fol' usc as frequency standards arc described on pak,'\!S ltI 6 to 1,18. 
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WAVEFORM 

TYPE 

736-A 

WAVE 

ANALYZER 

USES: The wave analyzer is used to measure 
the amplitude and frequency of t he components 
of a complex electrical waveform. These include 
not. only the components of harmonic dis tor­
tion , but. also non-mu ltiple volt.ages sucb as 
noise and hum . 

Specific uses of the TYPE 736-A Wave 
Analyzer include the measurement of Ilarlllooic 
distortion in audio-frequency equipment., broad­
cast receivers and transmittcl"$, telephone 
systems, public address cqu.ipmcnt, oscillators, 
amplifiers, and vacuum-tube ciI'cui ts in general ; 
harmonic studies on electric power systems and 
elcctrical machinery; hum measurement in a-c 
operated communication equipment; noise 
analysis; and induction st udies on telephone 
Hnes. As a sharply-tuned volt.meter, it is in­
valuable in the measurement of the transmis­
sion characteristics of clectric wave filters. 

DESCRIPTION: T he TYPE 736-A Wave Analyzer 
is a heterodyne type of vacuum-tube voltmeter. 
The intennediate-frequcllcy amplifier includes 

lOt 

GENERAL 

a highly selectivc Hltcr using' three q uartz 
crystals. The usc of a hcterod ync method 
makes it possible to vary the rcsponsc frequcilcy 
while using a fixcd-frequeney filter. 

The output of the local oscilla tor and the 
whole of the complex waveform to be examined 
a rc fed to a balanced modulator where their 
combinatioll produces both the surn and differ­
cnce frequcncies, or sidc bands, ill the output. 
The original of tbe complex waveform is 
not passed by the modulator intcrmcdiate­
frequency outpu t transformer, and the local 
oscillator carricr [requenc)' is suppressed in the 
ou tput because of the two-t.ube balanced 
modula tor employed. 

The 50-kilocycle component of the upper 
side band, proportional to the voltage of that 
frequency prescn t in the original wave to 
which the main dial is set, is selected and 
amplificd by Ule intermediate stat;\cs. The 
adjustable gain control of the ampluler gives 
the many values listed below for full-scale 
dcflcclions of the output meter. The standards 



 

RADIO CO . 

for the voltage and frequency calibrations a rc 
self-contained within the instrumen t. 

The enure assembly is a-c opera t.ed from a 
115 or 230-yol l., 40 to 60-cycle line. 

FEATURES: A number of design and operating 
features make the TYPE 736-A Wavc Analyzer 
onc of the outstanding instruments in the field 
of audio-frequency measurements. 

(1) The instrument is completely awe op­
erated. 

(2) The crystal filter is designed to give a 
flattop characteristic as shown by the curve at 
the right. This feature makes for ease of tuning 
and stability of tuning adjustment. 

(3) T he input impedance is constant a t 
1 megohm, but a builtrin l OO,OOO-ohm potenti­
ometer is provided as an alternate inpulsystem. 

(4) The instrumen t can easily be cal ibrated 
at any time. using the bui lt·in calibrating 
system opera ting from the a·c line. 

(5) There is no pickup from external mag· 

• 
i 
•• 
I 

, 

WAVEFORM 

. . .i, . . • 
I ""'cIS..., ....,.. • ..:.:. 

I 

I 
, 

I 
I 1\-

II \ 
I A 

I --Y I " 1---

T ransmission clmraeUl.ri~lic of cr)'slal fil ter ;n 
Tn'l': 736·A \Va"c AnulY7.cr, 

• 

netic fields since the balanced modulator is fed 
by a phase inverter t ube, rather than by a 
transformer. 

(6) All critical parLs, including the crystals, 
are hermetical ly scaled to mi nimize the effects 
of humidi ty, 

SPECIFICATI ONS 
Frequency Range: 20 to 16,000 cyclcs. 
Selectivity: Approxiwately·l cyclcs "flat top" bund width, 
Thc re~pOn;;e is UOWI) 15 db at 5 CyciCll, 30 u.b a t 10 cycles. 
60 d lJ at 30 cycles from tim IN'!,,k. T he sclecti vit)· is constant 
(wcr the freq uency r(lngc. 
Voltage Range: 300 microvolLs to 300 volt.:. full sca le. 
Thc lowest div i~ion on thc meter corrL'lSpOuds to 10 "'v. 
The over-all ra.uge is div ided into four mnjor rUDges: 
JOO",\' 10 300 mv. 3 lUv 10 3\',30 mv to 30v, .3 v toJOO ,', 
Each of these ranges is div ided iuto scven scale raogC$; fOT 

example. the .3 v to 300 v raoge has the followiug ClllI..scule 
raugcs: 0.3 v, I v. 3 Y, 10 v, 30 Y, 100 v, 300 v. 

A direct-reading decibel 6CIIle is also provided. 
Voltilge Accuracy: Within ±5% on all n,nges. Spurious 
yoltagClS from higher ordcr modulalion products iulrodUC<ld 
by the detoctor are suppressed by at leas t 70 db. J lum is 
suppn.lllllCd by a t lelli l ,:j db. 
Input Impedance: One megohm when used for di re~ t 
~ol tage meaSllremenl-lS. Wheu 1I:iIC. ... l with the input llOten­
tiomet~r i t is approxima tely 100.000 ohms. 

.. 

Accuracy 01 Frequency G. libration: ±2%. 
Vacuum Tubes Required: 

3-typa 6C6 
2-typa 6K6-G 
3- typc 6J7 
I- type 6138 

l-t~'pe 6C5 
I- type 6X5·G 
l - tyJN'! 6Fs-G 
3- t)" pe T-'l ,!.i ncOn i:;lInps 

These a re supplied with the ioatrllmellt. 

Po wer Supply: A-C line, 105 to 125 Yoltl\, 40 to 60 cycles. 
A chauge in lhe power tr(lnsfor ruer connect ion perroila 
the lise of 210 to 250 volts . • to to 60 cycles. A volt.1l!:e­
st."1biHzing circuit is included. 

Accessories Supplied: Spare fU$eli. 1"'0 spare pilnt lights, 
spare noon laml), one 'I'vr'l:: 2H-NE Shielded Plug aud 
Cable, lind a seven-foot line conneetor cord. 

Mounting: Shielded oak cn bine l. 

Dime ns ions: (Width) 19 M x (lJ(,igh t.) 25 }i x (depth) 
10 * inches, O\' <:T-,., II . 

Net Wei ght: 86 X pOunlls. 

' ... -,."' ....... ...-.,,' .......... -...... ,,"" ""' ....... , .. '-"'" ...-.... ~ ............ v« 

::::.:.~'~ ~~':';. 

736-A I Wave Anal yler ............. .... . . . . . . . . I 
PATENT NOTICE. 50e 1'.'01"" 1. 19, 27. page vi. 

,""",,,,,_-.,,,,, .......... , ... ... ..-. -
Price 

$640.00 

T he TYPE 760·A Sound Analyzer, an analyzer having a constant percentage band 
width, and designed primarily for sound and noise anal)'sis, is described on page 11, 
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WAVEFORM GENERAL 

TYPE 651-AE OSCILLOGRAPH RECORDER 

USES: This dev ice is suitable for recording the 
trace of a cathode·ray oscillograph to obtain 
an accurate record of trrulsicnt phenomena. 
Typical applications are the st.udy of the re­
sponse of electrical networks to suddenly ap­
plied voltages, the record ing of switching 
transients, and the stud y of t he instantaneous 
variations of voltages and currents in electrical 
machinery under arbitrary load variations. 
From records of t.he Lissajous figures produced 
by two transient voltages of the same freq uency 
lhe instantaneous phase displacement belween 
the two voltages !flay be deduced. · In th is 
manner the variation in power factor of elec­
trical circujts under transien t conditions may 
be studied. 

DESCRIPTION, In the TYPE 651-AE 050;110-
graph Hccorder the fUm is driven continuously 
past the aperture, so that. the trace of the 

cathode-ray spot is recorded as a continuous 
line. 

The accompanying photograph shows the 
intcrnru construction of the recorder. The large 
central driving sprocket and the boltom take­
up reel are driven by sepa rate motors. The 
torque characteristics of the molors arc such 
that the proper fi lm tension is maintained as the 
film passes from the loading rcel lo the take-u p 
reel. Focusing is accomplished by viewing the 
image th rough the focll sing eyepiece when the 
two apcrlures in the driving sprocket. areaiigncd 
as shown. The image forms on a small picce of 
translucent film which can be iuscrtcd ill the 
gate. 

The speed of the film drive can be adjusLed 
over wide limits by varying the vol Lage applied 
to the driving and take·up motors, The film 
can be driven at speeds up to 35 feet per second. 

oSee Bullet;n or F\_r~h or the Underwri te .. ' Lal.oorntone., I nc., No. II , Septeml.lClr, 19l9, 
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SPECIFICA nONS 
Film: Any 35· "'111 lihn or l),llper wilh IIIIIII(I.,rll pcd ura lions 
CIIil be run. Daylig lolloutling Hnd unloading with nCJ;ligihlQ 
wilsie. CUllRcily of reels. 100 fed. 
LeO$ System : l.r nll must be purchn!ICU le ll(In'llely. :\ \ells 
of nperlure f / L5 is ovuihlbie in nu aujuSlfl hle mounting 
thnt permill' fox:using for distancell between 8 and 2() 

inches. The in'nge for focusing i~ observed eJire<:II)' on the 
C<Ju ivalcutor n ground glws.lli i ll the p lnne o f lhe £ilm. 

These lenses nrc sullieic lI lly "fosl" to permit the re­
cording of tr8 (;('S from (I c;{Ithode-rD), 03Cillogrflph on SUIl,cr­
sensitive IlUllchrOlllnlic film IIta .peed of 35 feet per second. 
when the ratio of totnl length ulong t he Itnee to lengt h of 
mIll is less than 5 10 I. 
O scillograph Scree n: A low-persistence nClinic blue OICrecn 
"hould be used for best resulls. 
Ruh: Speci(ltly-mnde loading aud take-up reel:! n re 
lupplied. 
Drive System: Bolh the film-drive 3proeket oud the tnke-UI) 
recl I1rc driven hy uni"enml (a-c o r d-c) motOI1l. The filr .. 
sp~d is va ried by flJlp lyiug volt..1gea he tween 50 ulld 230 
valls to these 1II0tOn<. 

Film-Speed RIn,e: When the motOI"$ ore oj"Jcmtcd at the 
volwges mentioned above, film speeds bel,,'oou 5 and 
35 feet per ICrolld are obtainable. At the highest teC()m­
mended opeNlting voltage, higher speeds ",ill sometiwClil 
be nbtoined. 
Speed ( o ntro l: W hen 115-volt or 230-voll, sO to 6O-eyde 
service is uvailnble, n Tn·y. 200-CJ\HI or Tnt-: ZOO-CU ll 
VflrifiC rony be used to va ry the voltflge Oll lllk,<1 to the 
,notol"$. For doe service. resilttive melhods or ,'ohage 
control must be u.sed. 
Starting (h"lderistics: Full oper(lting speed is reMhed in 
approximately 10 reet of moo trflvel. at m(lximum spc<:tl. 
Al lower speeds, ICM film is consumed in reaching opc.mtillg 
I pcOOS. 
Oimen~iont: (I..eng th) ll}-l x (width) 6~ x (height) 
16}i inehes, over-nil. 
Net Weight: 32 pouml~. 

ClUff f)~fcripliofl 

Oscillogrlp h Recorder .. , . 
Lens ... . ..... ..... . 

·Without Jen ... ,. ... ·n::NT NOTICE. See Not .. IS, j>llgol v. 

• •••••••• .. ........... , 
• •••••••••••••••••••• •••• 

• •••••••••••••••••••••••• 

• •• I ••••••• • ••••••••••• •• 

• ••••••••••••••••••••• 

•• • •••• 

WAVEFORM 

Interior vie'" of tho.: o~illogr;lllh re<Xlr(ler. showing 
the fib" reels nnd .\Swockct. 

I)rNl-:II 

Priu 

U10.oo 
150.00 

STROBOSCOPIC RECORDERS 
For recording high-speed pheuomeoa by 

mcans of stroboscopic light, an adaptation of 
the oscillograph rccorder can be supplied on 
order. This differs from the conventional mo­
tion~p icture camera in thal. no shutter is em~ 
played. A commutator is prov ided on the 
sprocket to trip a stroboscope (such as the 
T YPE 621 Power Stroboscope described on 
pab'C 7) at, s ingle~frame intervals, so that the 
photographic record is properl y framed for 
projection. Although the film is continuously in 
motion, the stroboscopic flash is so short in 
duration thal. no blur of the image is noticeable. 
Speeds up to 1500 frames per second can be 
obtained. 

Oscillograms taken " 'ith the TYPE 651-AE 
05Cillogrllllh Ilccordet. 
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WAVEFORM GENERAL 

TYPE 830 WAVE FILTERS 

WAVE FILTER 
Up[ 810 ~ B~I<O PASS 

~cPS 

GENERAL RADIO CO 
{OV. "''''''- .... s u~ .. 

USES; E lectric wave filters arc widely lIsed for 
the eliminat.ion of harmonics from dislorted 
waveforms, fol' the isolation of specific com­
ponents of complex w8vcfonns. and, in general, 
to remove voltages of undesired frequencies 
from measuring and communica tions circuits. 
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Clmr(lcleriSliQl or IQOO-eycic ]OW-l)(l S.!l {Il\d 
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DESCRIPTION, T VPE 830 Wave Fillecs are 
compact, two-section fil ters having exception­
ally good characteristics. They arc available in 
low-pass, high-pass, and band-pass models. The 
scclions co-operate to give both a sharp cut.-off 
and hi gh cliscriminatioll against frequencies 
outside the pass band. 

The band-pass model, TYPE 830-R, is sharply 
tuned to pass 1000 eycles and discriminate 
against other frequencies. the design being such 
that a maximum of attenuation is provided for 
the second hannonic at 2000 cycles. The ioput 
and output coils of tllis unit arc tapped so that 
the fil ter can be used with high or low tenni­
nating impedances, or to replace the combi­
nation of a filter and transfonner to work 
between different impedances. 

FEATURES; It will be seen from the accompa­
nying curvcs that the attenuation a t the cut-ofT 
frequency is less than 3 decibels for the high­
pass and low-pass models. and that for the 
band··pass model the attenuation at t he desired 
frequency is only 5 or 6 decibels. The curves 
also show that a discrimination of at least 40 
decibels is maintained for all frequencies greater 
than 1.5 times t.be cut.-oIT frequency for the 
lligh-pass types. 

An excellent. band-pass fi lter covering one 
octave may be obtained by using t.he 500-cycle 
high-pass and the 1000-cyclc low-pass in tan­
dem. The curve of aHenuation vs. frequency 
for this combination is shown below. 

The combinal..ions of input and output im-

T he 500-cyde high - I).,.~ss uud lOOO-eycle low-p~ss 
models CPIl be u~ed ;n tlludem to !live II onc-<>c t!lVC 

band-pu!lll ch(l racl(:r;s ti<: . 

I I I 
• 

~ 

./ 
~ 

\. , , 

~ 

.. , 
! 

" 
.~ - - - -FREQl£NCY IN CYQ..ES PER SECONO 
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pcdanccs available with the TYPE 830-R arc 
such that this filter may be worked from either 
a SOO-ohm line or a vacuum tube (plate re­
sistance approximately 5000 ohms) into a circuit 
of almost any impedance with satisfactory 
results. 

The attenuation characteristics are the same 
for either connection on the two-impedance 
side, but differ somewhat for different con­
nections on the four-impedance side. From the 
plot at the right, it. will be seen that greatest 
attenuation to harmonics is obtained 011 the 
SOOO-ohm output tap. An attenuation peak a t. 
the second hannonic occurs when the 500- and 
5000-ohm laps 0 11 the four-impedance side are 
used. This peak is not present with the other 
two taps. 

Since either side may be used as in put or 
output, two different connections arc possible 
when working between" 500 and 5000 ohms. 
From the curves shown, it is evident, that some~ 
what better characteristics will be obtained if 
the 500-ohm connection is made at the t,wo~ 
impedance side. 

The discrimination against harmonics or 
other unwanted rrequencies is 5 decibels less 
than the height or the curves since t he altenu~ 

WAVEFORM 
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Attenuation characteristics of TVPE 830·R 
Bond·Poss Fil t(lr for the various terminllling 

impedane~. 

ation at the desired freq uency is approximately 
5 decibels. 

SPECIFICATIONS 

Attenuation Chaladclistic: See accompanying .::urves. 

Voltage limil: Voltagll'$ up W appro:cimately 3 volta a t any 
frequency may be appli.::d to the SOO-ohm filter (10 volta 
for 5000-ohm filter) input terw.i.nals without signilicantJy 
alteriug tho rC$pollllC .::ucv~. At higher voltage levels, . Iight 
shif t ill tho Io.::ation or the nttenuation peaks may be 
ell:pected . 

Mounting: All models except T YPE 830-B U f e mounted iu 

Cui-OJ! 
Type P~e""e,>t'y Im pMan"e 

*830-A 500 cyclet 500 n 
- 830·9 500 .::ycles 500 n 
*830·( 500 cycles 5000 0 
- 830-0 500 cycie5 5000 n 

- 830-E 1000 .::ycle5 500 n 
*830-F 1000 cycles 500 n 
' 830-G 1000 cycles 5000 n 
' 830-H 1000 cycles 5000 0 

830-R I { 5ooo, 500 n 1 
1000 .::yc e:s 50,000, 5000, 500, 50 0 , 

0I'A T ENT NOTICE. See Note I. """'" "i. 

Model Ceases. dimeusions for ... hich are gi" cn below. TVPE 
830-8 is mounted in a ,\lodel D .::a8e. 
Telmlnals: Tvp&! 830-A to 830-R inclusive ure provided 
with both &Oldering lu~ (lnd jack-lop bindins posu. TYPE 
830-R hUlIOldcriug lu~ OIl]Y. 
Dimensions: See d illlCll$ioll$ for Model C lind Model 0 
.::u.ses on next pagc. 
Net Weight: T n!': 830-B, Hi pounds; all olhel'll, 3}-i 
j)Ouudll. 

Cod. Wo~d Pe ;l!e 

Lo w-Pus YILTERC:OAT $18.50 
High-P,In PtLTEIICIIIL 21 .50 
Low·Pus PILT&I\SII OE 18.50 
High.Plss I'ILT&IIS&AT 18.50 

Low-Pus F"I LTftnroAO 18.50 
High-Pan FILTKRl.IIJSII 18.50 
Lo w·Pus FILT£I\SlON 18.50 
High-Pus I'ILT£III'IPr; 18.50 

B.tnd·Pass I'ILTEflflOTR 19.50 

OTHER FILTERS 
A 400-cyclc band-pass filter , TYPE 530, ror use in distortion measurements, is described 

on the next page. 
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TYPE 530-A BAND-PASS FILTER 

View of TH'E SJO·A f ilter. 

Th is filt er is designed for usc wi th a 400-cycle 
oscillator to provide a Ycry pure signal for 
distort.ion measurements, and for other appli­
cations where only an extremely small bar­
monic content. can be tolerated. I L may be used 

, 
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Trllllsmi$ll;oll characlc ristic o f TnI': 530 
Blind- Pass F ilter. 

-

wilh fundamen tal frequencies from 375 Lo 425 
cycles, providing an aLtclluaLiQIl of at least 50 
decibels to a ll harmonicS. 1n addition con­
siderable attenuation to power-line frequencies 
is provided . 

SPECIFICA nONS 
Attenuation Ch.,.cter il ti e:: (See \lccowpanying curve.) A 
peak of maximum attenuation i~ !IO:t for rejcelion of the 
800-cyclc &eC(lod ha rmo nic. 
V o ltage limit: Voltases up lO approtiwlltcl y 3 yoll3 at 
auy (("<tU" Il,,), m .. ), bo:o applied to lLe filte. iUI",1 te rm;n" l. 
without signi ficantly al tcr illg the respoll3e cu rve. A I hig lJCr 
voltage levels alight ~hirt in the loca tion of t lu' a ttenulltio n 
penks may he expected. 

M o unting: F"ille ... a re mountcd ill elallliord draw" IIted, 
.. u·[jUcd Model D CMeS. 

Di menJions: COlIC. (width) 5~~ x (height) 5}i :. (depth) 
5}i inches. over-all . (See alllo dimensioned drawing belo w.) 

Net Weisht: 8 I)()Und3. 

Type ImpMQIICfl Pall 11(lIId COOt W ord 

5]O·A 600 ohms 375 10 ,125 eycles $] 0.00 

1-- <---1 DIMENSIONS OF FILTER CASES 

~ r1 " , 
< " 

jl" <>. 
o ~ ~~----1 I 

• c 

M ODEl.. 8 MODEL e MODEI..D 
A. 21~inehet 3" Inche. 5U inches 
U .. ". i"cl,ea , ineh~ (j}( inche. 

e .. '" iucl,es '13-i inches 5~ inchtll 
D .. 2~ inches 3J,j6 inchet 'I }.( inches 
E. 2~ inei 'e' 3 J4 inches ,au inchell 
F .. '" i llcbet 231 iDcbet 4 }oS incbes 
G .. . l< incb * incl, ~ incb 
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METERS 

TYPE 726-A 

VACUUM-TUBE 

VOLTMETER 

(A-C OPERA TED) 

USES: A high-impedance wide-range vol tmeter, 
such as the TYPE 726-A Vacuum-Tube Voll­
metcr, which can be used aL both audio a nd 
radio frequencies, is an extremel y valuable in­
strument. to the communica tions engineer. I n 
additioll to its use as a voltmeter, i t is an excel­
lent ammeter at radio frC<luencics when used 
wilh capacitive shu nlS. sed in this wa y, it has 
found wide application in the measurement of 
ulllenna ClllTcn l, fol' the determination of a n­
tenna power input.. 

Although calibrated to give readings of the 
r-m-s values of approxima tely sinusoidal volL­
ages, the voltmeter mar be used, except on 
lhe lowest. voltage ranges, to determine t he 
peak value of complex voltage waves. 

DESCRI PTION: An improved t.ype of diode~ 
condenser rectifier circuit, using an acorn tubc, 
is built into a small probe which is made of 
l ow-lo..~s bakelite. A cable, which also supplies 
heater voltage to Lhe Lube in the probe, carries 
the recti fied voltage to a doc amplifier and indi~ 
eating meter in the cabinet of the instrumcn t. 

Tbe d-c amplifier is of the degenerative type 
using but one tube. The rectified voltage is ap­
plied dil'(~t1 ), La the amplifier control grid , 
rather than through a "oltage~di\'iding net­
work , and t.he change from one voltage range 
to another is accomplished by varying the dc~ 
generation factor. 

110 

GENERA L 

FEA lURES: The arrangemel1 t described abo\'e 
makes it possi ble to use cOllstanls in the diod e 
circuit which will maintain high illput im­
pcdance over all thc ranges of I he iust nnncnt. 
'rhus very li ttle power is Luken from the sou rce 
under measurcment. 

The dcgellerat iOIl in the d-c amplifier sta­
bilizes the gain and rcsults in the calibration 
being pcrmuncnL and substanl iall y indcpcndent 
of tube characteristics. Except on the lowest 
range, the scale is essen tia ll y linear. '('hel'e is 
su fficicnt o\'el'lapping of t.he various ranges, in 
conse<luenee, so that all rcadi ngs may be made 
well up on the scale. 

& hern ll ti c circuit dingrnm of T n'!;: 726·A 
Vllcln.uu-Tuhc Voltmeter. 
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A regulated powt!r suppl y is employed, so 
t.hat. line variat.ions do not resul t. eit.her in 
f1uct.uat.ing readi ngs or zero shifts. One zero 
adjustment serves for all ranges. There is a 
slight initial zero drift when the instrumen t. is 
first turned on, but this becomes negligible 
afler a brief warming-up period. Severe over­
loads for any scale setting will not. damage the 
instrumen t. 

Since the entire a-c measuring circuit. is 
mounted in the small probe, the leads to the 
source of voltage can be kept short, and good 
accuracy is obtained even at high radio fre­
quencies. The plug terminals of the probe can 
be removed when necessary to shorten t.he leads 
still morc. For measurements at low frequencies, 
where tbe effect of the leads is not important., 
the probe and cable can be placed inside the 
instrument and connections made to terminals 
on the panel. 

METERS 
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Hll t io of applied voltage to indica led volt.age M a 
function of frequcncy for vurio l1! values of indica ted 

vol~ge. 

SPECIFICATIONS 
Ran g~, 0. 1 to 150 volts ac. in jive ra nges (I.5, 5. 15.50. 
ISO volts. Cull 5(:ule). The range caD be extended to 1500 
"olts by mellDS of the TyPE 726·PI Multiplier descr iOOd 
on the next Pilge. 
Accuracy: ±2% of f" lh caleou all five ranges. 011 sinusoidal 
voltages. 
Waveform Error: The instrument is essentially a peak 
voltmeter calibrated to relld r·m-s vil lues of a sine Wllve. 
or 0.707 of the peak value of a complex wave. On distorted 
waveforms the j)(! ro;entnge deviation of the reudi ilg from the 
f- m-S value may he as IlI rge us the percentage of harmonies 
present. 
Frequency Error: At Iligh frequencies resonllllo;e in t he 
input circuit nnd Irllnsit-time effects in the diode rectifier 

Plots of the l'C$is l i>'e lind reactive components of 
the input impedllnce. a nd of the dissipation factor 
of the input cin;;uit, of TYPt; 726-A Vncuum-Tube 

Voltmeter. 

, 
f ....... ""' ..... 

Pou:er Suppl,v 

introduce errors in the meter reading. T he resonancc effect 
causes the meter to read high und is independent of the 
applied voltage. T he transit-time error. on the other hund. 
is II funclion of the a pplied vol tage und tends to clluse the 
meler to read 10". The acoompaoying curve gives the 
frequency correction Cor several di fferent voltnge levels. 
It will be noted that at low voltages t he transit-time und 
resonance effects lend to cancel, while a t t he higher 
voltages the error is >llmost entirely due to resonancc. 

At the low uudio-frequency end , thi! voltmeter may he 
used at fre{IUencies as low us 20 cyeles with un error of Jeg,j 
IliaD 1 %. 
Input Impedance: The input circuit is equi valent to a 
resistancc of 6 megohmll in parallel with 6.6 ,II.uf. At the 
highcr frequencics the effcctive pilrallel rcsistance is 
reduced by losses in the shullt capacitaote. The accom­
panying plot givcs the variation of Rp and X p with 
frequency. 

Tempera ture and H umidity Effeds: O"er the normal range 
of room condi tions (65· Fahrenheit to 95· Fahrenheit; 
o to 95 % relativc humidity) the accuracy is Bubstantially 
unll ffccted by temperature and humidity condilioWi. 

Power SlIpply: 100 to 130 volts IIC, 60, 50, or 42 cyele!! 
and 200 to 260 volts. 50 cycles. (See price lilll. ) The instru­
ment incorporates a voltage regulator to compensate for 
supply variations over this voltage range. The power input 
is less than 30 Watts. 

Tubes: One type 955, one type 6Q7-G, aod one tn)(! I_v 
arc used ; all are su pplicd. 

Accenories Supplied: A scven-foot line oonnector oord , 
spare pilot lamps and fuses. 

Mounting: Black erackle-finisb aluminum panel mounled 
in >I shielded walnnt cabinet. 

Dime nsio ns: (Width) 9 J4 x (neptb) 14 x (height) 83-i inchca, 
over-all . 

Net Weight: 17J1 pounds. 

Type " requency lIollage Code Word Priu 

726-A 60 cycles 1ooto130v ALLOT $165.00 
7 26-A 50 cycles 1oot01 30 v ABAFT 165 .00 
726-A 50 cycles 200 to 260 V ALTi:R 165.00 
726-A 42 cycles 1OOto130v A,IA8S 165.00 
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METERS GENERA L 

TYPE 726-P1 MULTIPLIER 

126-P1 I Multiplier ............ . . 

'" I~ ~ 
~~ ~ 
tw , 

~ , 
~ ., 

0 .0 ' " 

This multiplier extends t.he range of Lbe TYPE 
726-A Vacllum-Tube Voltmeter to 1500 volts. 

f t. consists of a capacitive voltage divider 
which provides a tcn- La-one reduction between 
the vol tage applied to the mu ltiplier and Lhe 
vohage appearing across lhp- voltmeter tenni. 
nals. The multiplier fit s sougly to the voltmeter 
probe, adding abollt three inches to the effective 
length of the probe. The flanges which secure 
the multiplier to the probe a lso act. as an electro­
static shield for the probe. 

SPECIFICATIONS 
Mu ltiplier R.tio: 10 to}, within ± l%. 
Input Impedance: From JMc to 100 }.Ie. the input illl­
pedlinC/l ilS effect ively thll t of Ii 4.5 J.IJlf condenser of less 
than 0.5% power fnC; lor. 
Freq uency Error: The rrequency error is ahown in t he Illot. 
Noapllre<;iablt: erroror:cUIlI bctweeu 1 M e and 100 M e. The 
muitilllie r is not recommended for frequ encies below I ;\Ic. 
Net Wei9ht, 12 ounccl!.. 

('.adf' Word Pric" 

ALOUI' S15.oo 

- - -

" fREQUENCY IN "' , 

Plot of rrequeney error ror TVI'y. 726· PI " llIl tiplier. 

TYPE 727-A VACUUM-TUBE VOLTMETER 
(BA TIERY OPERATED) 

USES: This is a general-purpose vacuum-tube 
volLmeLer for use at frequencies up to about 
100 megacycles. Because it is baLLery operated 
and portable, it has many applications in the 
field, where an a-c power line is not always 
available. 

DESCRIPTION; A diode rCCLifier circuit is em­
ployed as in the TYI'E 726-/\ Voltmeter bu t 
with a more sensitive two-stage d-c amplifier, 
permiLLing the measurement of a-c voltages 
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dow .. to 50 mi1livolLs over the entire frequency 
range. The high-voltage limit is also extended. 
to 300 volts. 

FEATURES: The high input impedancc, wide 
voltage range, and wide frequency range of 
this instrument combined with its convenience 
and portabili ty make the Tnt: 727-A Vacuum­
Tube Voltmeter an extremely useful meter for 
the communications laboratory, as well as for 
field work. 



 

RADIO CO. 

SPECIFICATIONS 
Range!: : 0.05 volt to 300 volts ac , in seven rungilS (0.3, 1, 3. 
10,30, 100. 300 volts, full scale). 
Aecuracy: The meter reads peak va lues of the applkd 
vol tage, and is calibrated iu r·fll-S vnlnes of (l sine wave. 
With s inusoidal voll.ngCll Rpplied . the aocuracy is 1I ~ follows : 

±3% of full scale on the O.3-volt range 
;;1::2% of full aeale on llie 1, 3, and 10-volt ranges 
±5% of full aca ie Oil the 30, 100. and 300-volt ra nges 

W"vtform Error: The iustrUW(lut is calibrated to rend the 
f-tlI-1l value of a sinusoidal vollnge. On the higher voltage 
mnges, however. it is essentially a ~ak. reading device, 
wlibrated to rend 0.707 of L.he peak vulue of the appliell 
voltage, and Oil distorted waveform!! the pcrcentag(l devi,,· 
l ion of the read ing from the r-m-s value may be as largll as 
til" p<:rCl)ntagll of harmonic<; pre;;ent. Onlhe luw",<t ranges 
the instrumeut approxima\.cll II true square-law device. 
FllZquency EIIOI: Less than 1 % bt:tw",en 20 cyde~ "",I 
30 iI'Ie. At higher frequencies, the error is ll bout + 5% at 
65 i\:l c and abou t + 10% at 100 Mc. 
Input Impedance: The iuput capacitance is approximately 
] 6 ppJ. Thll parallel input resis ta nce (at luw frequencies) is 
Rlx lU t 5 illeguliIllS on the lower ranges "nd about 3 mel:ohms 
ou the 30. 100, and 3OO-voll raugcs. The a('oompa nyiug 
curves give the vari(.Liou of 1/1' and Xp with freqneney. 
Temperature and Humidity Effects: Over the normal rallge 
of roolll tXlllditions (6S0 Fahreuhcit to 9:;0 F<lh renheit; 

Plot of res is ti" e m.d renet'''e components of input 
;mp<lda l1<:e ofTn'E 727_A Vacu,u,,-Tuhe Voltmeter. 

T.vlI~ 

727-A 
1',\TENT NOTI CE. 

I V~cuum-Tube Voltmeter . . 
s.,., N<>lc 28. i>ag~ vi 

METERS 

o tu 9:;% reh. liye humidity) the "cCUTney uf indica tion is 
su bst"ntiull y independent of temp",rll ture "nd h"",idit~· 
condition~. $ome"'h"l r~d"C<Jd "ceu rney rnny be e~ pected, 
howev!."r, if th" ins trument ill subjected to ex tremes of 
temperature, 
Zero Adhldment: A zero adjust.men t is provided on the 
p.1nd. Th" setting is the same for all rangc~ . 

V~cuum Tubes; T wo IS5 t nbcs "nd onc 957 t.ube a rc used 
and arc supplied with the instrument. 
B~lterje$: Two Hurgp.!;.S W20Pl , one Burges." W5 BP. and 
three HurgL"&! 21' bauer;es a rc re'llIirc<1. ""d r,'" !lupplied 
",illl ti,e ins trument. BaUer)' life is "ppro~irn"tely 250 
houl"l of intermi ttent operation. 
Mounting' The ins trument is ~ lIpplip.d in a "'nl"ut 'case 
wi th cover and is ",oullk..! on an engrllved black er"ckle· 
flu ish alu mi num panel. 
Dimensions: 11 x 6% C( 5% indu'~, over_all (oo~er d<Y!ed). 
Net Wei'3ht: ]OU pounds. includiug h"tterie~. 

f'r ice 

P IG)IY $115.00 

Sehern"tie ei rcui, di,,~,,"n ()f T,·I'p. 7'!, -,\ Vacuum_Tube Vol!.lIl('f ~r. 

r 
, 

ZERO 
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METERS GENERAL 

TYPE 728-A D-C VACUUM-TUBE VOLTMETER 
(SA TTERY OPERATED) 

USES: This voltmeter is intended for measuring 
d -c vol tages in IOW-I)()Wer circuits where no 
appreciable power can be taken by the meter. 
Tt is particularl y usefu l for measuring electrode 
voltages on vacuum lubcs and ca thode-ray 
oscillographs. 
DESCRIPTION: The circuit. is that. of a deg-ener­
alive d-c amplifier. The voltage to be measured 
is applied directly to the grid on the lower 
ranges, and through a high resistance voltage 
di vider for the high ranges. The instru ment. is 
pOI"table, and power suppl y is obtai ned from 
self-con ta ined bal.lcl'ies. 
FEATURES: The input. resistance is extremely 
high, greatcr than 1000 megohms on all ranges. 
\Vide range and complete portabilit.y arc also 
important. feat.ures. A reversing switch is pl'o­
vidcd on the panel SO that either the positive 
or t.he negative term inal of tbc sou rce under 
measurement can be grou nded to t.he pa ncl. 
Superimposed a-c voltages of considerable 
magnitude have no effcct on t.he meter indi­
cat ion, thus making possible the measurement 
of fL'\:ed elcctrode voltages in the presence of 
s ignal voltages. 

SPECIFICA liONS 
Range! 0.05 to 3000 volts in sevclI r"UgCII (3, ]0.30, 100, 
300, 1000,3000 YOII I, full scale) . 
Accuracy; Wilhin ±3 % of full $CII le lor the 10"'er vollage 
r"oges (3. 10, 30 ~'olts, full scale) . Will,i" ±5% of full seale 
fQr t he higher voltnge runge!! ( ]OO. 300, ]000. 3000 " 0 11>1, 
full :'I(:ale). Haltery aging may etlusc nn tltldi tiQllai e rror 
of.2 % of full :'I(:llle Qn Ihe 3-\'Qlt ra nge. 
Irlpu t Resitlarlc:e , 1000 megohms on the higher volt nge 
rnnges (100. 300. ]000. 3000 volts , fu ll :'I(:n le). CreMer t han 
5000 1 1Iego 11l1l~ 011 the 10'" "oltnge ronges. 
T .,mirlals; 1''''0 scts of ill ilut lerminals ti ro:: Ilrovided on the 
)lanel. Oue >ie t ill u!lCd ror measurements nlt!.e 10'" "oltage 
end of the range (0 to 30 "olta) lind the other IICt iii ww,.>d 
for the higher voltago mellsuremenl.s (30 to 3000 ,·olts). 
Polarity: A revCllIing lI ... ileh on the p"nell~rnli lll fII eOSUTe­
m ents with eilh~r lhe IloOSi t;'·., or t he negntive lerminal 

1'ype 

of the lIO urcc grounded to tl.e 1)9 ncl of the in~ l ru"JCII I. 

Effect of A ·C: A supcriml)l»C(l 8-C " olloge of (IS high as 
200 "olts h9~ II negligible effec t on the meter indicntion. 
Tube: The lube. a Iype I E.-;-C P . i~ .supplied. 

Batteries; The bnlteriC$ required aro t hrec UurgtM W30UP 
or C(lu;vlIlcnt and one Bu rgCSi! FZBP or ~Iujvnl en~. A 001ll­

pllf lmen t is provided in Ihe elise of Ihe in~ trurne"t for 
holding all butt crie~. A ~et Qr batteries i~ Kupplied ... ith the 
in~tru",ent . 

Mounting! T he inllt rurm:: nl i~ supplied in a wlllnnl ease 
with cover and i~ mounted on a n engr.. ved black crackle­
finish IIluur.inum pancl. 

Dimensions! With t.'()ver closed . (lCll1lth) II )! (width) 
6~ x (height) 5 1i inehe!!, O~'er-al l 

N. t W e ight; 9U pounds, including bll ueri~. 

Code Word ' )fiu 

128_A I D·C Vacuum-Tube Voltmeter ..... ...... . ... 1 r·JI.OT $110.00 

( n i9h1) Elemc nlBry schema tic 

diBgram for Tn>t: 128-A D -C 

VBell um-Tube Voltmeter. 
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RADIO CO. METERS 

TYPE 729·A MEGOHMMETER 
(SA TIERY OPERA TED) 

USES: This megohrnmeter is a new battery­
operated design particularl y intended for appli­
cations where portabili ty is required. It is well 
adapted for field use in tile measurement of the 
leakage resistance of cables and insulaLion. The 
wide range of resistance covered by this in­
strument makes it suitable for use as a moisture 
content indicator for such materials as lumber, 
paper, and leather, where a definite relationship 
exists between moist ure content and electrical 
conductivity. 
DESCRIPTION: The circuit employed is that of 
a conventional ohmmeter. The necessary sen­
sitivi ty for measuring high resistance is obtained 
by ,using a vacuum-tu be voltme ter as the indi­
cntlllg element.. 

The highest resistance standard (1000 meg­
ohms) is scaled in glass and especiall y treated 
to preven t surface leakage. This construction 
insures that tbe readings of the instrument are 
essentially independen t of humidity. This 
feature is particularly valuable in field use, 
where adverse humidity condi tions are fre­
quentJy encountered. 

FEATURES; A wide range of resistance is 
covered with excellent accuracy. The meter is 
calibrated at mid-scale for eacb range, and the 
circui t is stabilized to insure accuracy of cali­
bration, independent of t ube characteristics. 
The features of portability and self-contained 

power supply are important for many appli­
cations. 

SPECIFICATIONS 

Rtang~ : 2000 ohms to 50.000 megohms in fiv e overlapping 
rong""!! . 
Scale: Tbe 8111 ,,<lard direct_reading ohmmeter calibration 
is used: cen ter scale '·alu~s arc .1, 1, 10, 100, and 1000 
mcgohm~. Lengtb of~ca le, 3M inches; central decade, 1 % 
inches. 
Accuracy: Withi" ±5% or t he indieole" value between 
30.000 ohms and 3 me~oh !Us, a ud within 8% between 3 
megoh ms nnd 3000 megoh ms when the central d"..::udc of 
Ihe Scale is used. Outside the centrn.l de<:ude tht) error iu­
creases h()CUllSC of thc COlllllre>lScd !lenle. For voltn.gc UleM­
urcmentl:l the aeCllTilCY is ±Z% of full setole. 
Temp,Z/ature and Humidity EFfecU: Over the norwal range 
of roow condi tions (6!)O Fa hrenheit t.o 95° Fahrenlieit; 0 t.o 
95% reltotive humidity) the accuracy of indication is Sllb­
stant inlly independent of temp<.:rature and humidit)· con· 
ditions. Somewbnt reduced accuracy may be expecwd. 
however, if the instrument is subjeewd to wmperaturcs 
beyond the above range. 

Typt! 

I Megohmmeter .. ........ . 

Voltage on Unknown: T he voltage appl ied on the unknown 
does not exceed 22)1 volll:l amI vari C!! with tlie mcwr 
indicution. 

Tube: T he tube, a type lE5-GP, is ~upplied. 

Batteries: T he butteries requimd aTe t wo Burgess W30BP 
Or equivalent and one Burgess 2F2H oreqniv(llent. A oom· 
parlment is provided in tbe euse of the instrument for 
holding all ballerics. A set of balt<'ries is SUPIIlied witb Ihe 
iostruwcnt. Battery life is approximately 250 hours of 
intermittent operation . . 

Mounting: T he jn8tru meut is supplied in a wnlnut case 
with cover and i~ mounted on ,\1) engraved black crocklc­
finish aluminum pancl. 

DimensiOnJ: Wi th oo ,·cr closed: (Length) 11 x (width) 6~ 
x (height) 5M illclJ l'Ii, over-all. 

Ne! Weight: 8% pou nds. includinb m't1eries. 

Codt! Word Price 

PIO US $85.00 
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METERS GENERA L 

TYPE 1861-A MEGOHMMETER 
AND VOLTMETER 

(A-C OPERATED) 

USES: T he T YPE 1861-A .Megohnunclcr is a 
d irect-reading ohmmeter rOl' measuring rela­
tively high resistances, such as carbon resistors. 
and the leakage resistance of cables and samples 
of insula tillg material. It. can a lso be used to 
locate defective insulation in electrical C<luip­
mellt. 

T he leakage resistance of condensers can also 

he measured , but in measuri ng large comJcnscrs 
with low leakage, the t ime constant resul ts in 
equilibrium being reached slowly. For example, 
a condenser of I p. f capacitance, having a 
leakage resistance of 1000 megohms, could be 
shown in a few seconds to have a resistancc 
greater than 500 megohms, but perhaps a 
mi nu te would be required to obtain the re­
sistance within 10% . If a higher test voltage or 
a lower time constant is req ui red , the TYPE 
544-B :Megohm Bridge is recommended. (See 
page 83.) 

This instrument call also be used us a 
vacuum-Lu be voltmeter for measuring d-c 
vollage up to 100 vollS. 

DESCRIPTION: T his instrument is vcr y similar 
to the ordinary ohmmeter, except t ilat, in order 
to obtain high ranges, a vacuum-tube voltmeter 
is used instead of the conventional indica tor. 
A zero adjustment is provided for setting all 
li ve ranges in a single operation. 

FEATURES: The T YPE ]861-A Megohm me ter 
ind ica tes resistance direct.l y 011 t.he large meter 
scate. I lS operation is j ust as simple as that of 
an ordi na ry ohmmeter, and a wide rauge of 
resistanccs can be measured 0 11 t he fi ve over­
lapping ranges. T he instrUlllent is completely 
a-c ol>cra lcd alld has a voltage-regul ated power 
su ppl y. The d-c volLage scale grea tly increases 
the usefulness of this instl'lllnent over that. of 
prev ious models. 

SPECIFICATIONS 

Range: 2.000 ()h m~ to 50.000 meg.ohms in live .overlapping 
rnngC!l; zero to 100 volll!, ti c. 

Scal c: T he 8tnlld"rd di rcct-relldi ll fol' Oh llmH:u-r c;.lih ra tion 
;s U.5ed; cenler $Calc values (Ore 0.1. J, 10, 100. nntl 1000 
mcgol" " S. Lenglh .or fIClI le, 3M ;nclle3; ~nter dcellde, 
l ~ inehca. The sc<.le i$ i l l umi ll !lt~'(1 by fI la mp in the ind i­
cnting mcter. T he voltage awle is linear. 

A ccur.cy : Within ±5% of the indicAted \'I.lue beb"een 
30,000 ohms and 3 meguhms, and within 8 % between 3 . 
onegoiun5 IItill 3000 megohm$ wher! lhe central docade of 
the IICule is used. Oll ll!iue the ccnl ml ucea'ie the crror in­
crc,~ UocflUiW of thc oomprcs.,;cd gc" le. F.or "ol1l1gc meas· 
uremcnli lilc II L'Curacy is ±2% of full sCfl lc. 

Input Impedence: For volLaJ(e lIl en~u rcmcntll the i n pll t 
impoou l1cc in 1Ilegolllus i~ iudicllied by thc selcetor switch. 

Tempera ture and Humid ity Effedl: Ovcr lhe n.orm,,1 range 
or ru<I' U oo"d ilion~ (6:;0 F'~h renhci t to 9:;° FHhrcnhciL' 0 to 

T yp< 

1861 ·A M egohmmtler . .......... _ . 
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95% rcJ uU vc h"",iu ity) t he IICC ll rucy .of lhe ins tnlrllCnt is 
8ubstnntiu ll y iudependcnl of tem pe'D tll rc and IIUUlid iLy. 

Voltage on Unkno wn: T he 3 11pli('(1 voltAgc on lhe unknown 
does not ellceed 106 vol ll! anti varies with the indica tion. 

T ube1: T he ne<:ess.1 ry lUbes, One 1)'1)(' 1-,·, one tn'" 85, uull 
.one \'tl - IO::; ure suppl ied . 

Power Supply: 1()5 to 125 (or 210 to 2::;0) >'.oltll. ,10 to 60 
c)'c1C:!1 uc. T hc po lO'cr rC(lui rcd i~ 10 wfltl.$. 

A ccessori el S upplied: A sc>' cn·fool oonnect ing cord. 

Mounting: T he inSlrument i~ supplied in II wa lnut ense and 
is m"urll()(1 on on engravcd hind cmck le- lin ish Ill uminum 
ponei. 

Dimen, ion" (Wid th) 10 II (height) 8 x (depth) ;, ~ illehe~, 
ovcr-oll. 

Net W eight: 8M' pOund~. 

Cod~ Word Prie~ 

. . . . . . . . . . . I 595 .00 



 

RADIO CO. 

TYPE 483-F OUTPUT METER 
USES; The TYPE 483-F Output Me ter finds its 
greatest uses in the routine laboratory measure­
ments of voltages at audio frequencies and for 
comparison measurements of various types, 
where the meter is used to match two voltages. 

When used in conjunction with a TYl'E 8B-A 
Amplifier, this meter is an excellent bridge null 
detector for commercial and audio frequencies. 

DESCRIPTION: A copper-oxide-rectificr volt­
me ter is used as the indicating meter. AnL-l:ype 
multipl ying network is used to exlend the range 
and to furnish a constant input impedance. 

SPECIFICATIONS 
Voltage R"nge; Below 0.5 volt t{) 200 yo]11; i ll se>,en ranges 
(2, ,\,10,20, 40, 100 .200 ,·olls. full sca le) . 

Accuracy: The fu ndllltJcntal accuracy is ±5% of full scul \: . 
which is cquivalcut to 0.1 volt mul tiplied by the mu lUplier 
$(lUing. This ;)ccur;)c), applies only when thl) inslrument ill 
operated on sinusoidal "ollages and on the n,lt portions of 
the characteristic CUTVI)S shown below. 

W,IvtfOlm Error: The collPer-<lxidc recl ifier LYI)(: ",etcr is 
c~l ibnltcd io ,·- III-.!S values for a sinu;;oidal applied vollnge. 
When non-sinu~oidn l "oll.1l>es arc UPI,licd ,,,, ('rTor in indi­
cation limy occur. s iut"<: the tIletcr is not tI Irue r-tn-S iml,­
cating dev ice. The error will depend on tl,,:: maglliludc and 
phtloo of the harmonics presen t. bnt with woveforms 
normally enoounlereu in oolUllluniealious work will not be 
~cri ous . 

Input Impedance: Th ... i",pedanee on the 100 multiplier is 
20.000 ohms ±2%. For lower multi .,lier ,;clti ngs. how.wer. 
the imped"nce "nnes sligl' lh" with ,·o lt"ge. The greak'St 
change in i"'IX-dance 0(:(: ,, 1"$ on the 1 m,,!til,lier where the 
i"'!>cd,,, .ce i"crc,,~cs by t1 ppTOx imalcl}' 15% as the )"olttl.,'e 
is drop])<)d from full s<:ak.:2 volts. 10 q uarter s<:a le. 0.5 volt. 

Scale Length: 2 M inches. 

Terminals: J :lek-top binding posts arc ])To)"ided. Standnrd 
H-iuch ~ !",ciug is US(-d. 

P lot showing the dfecl of t",lIlpeH,!."re on th.., 
",cler i",lication. j\ ' olc that in the normal 
room Ic,nper" l"rc rnnge the tempera ture 00-
dIieient is pTncticall)' zerO. Data plott.ed here 
arc the a "crage f,...,,,, a ll",n oor or in~trl1mcnts. 

' ....... TUM ' " .. """ ...... , ...... 

483-f I Oulput Mele •........ . . 

P ,\TENT NOTICE. Soo No\.C :;. J ~1~"'l ~i. 

METERS 

Mounting: il lounl t'<.l on "n aluminum !"land which is 
1lI 0unl ~-d in " w"lnu t c"bineL 
Dimensions: (Leu!!lh) 9 r8 x (width) ,I k( x (height) 5J{ 
inches.over-Hll. 
Net Weight, :l ~ pounds. 

, 

A"ernge frequen cy charaderistic or the 
,newr. 

I II : Iii 

Il~ 
I I I' 

, '--+-t--rl+ ", I II I - -' *,_0<> o. <""-'> .. " .. eo,. 

Code Word Price 

$54.00 
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METERS 

TYPE 583-A 

OUTPUT-POWER 

METER 

USES: The output-power meter reads directly 
the amount of aud i<rfrequency power that. a 
source is capable of delivering into any desired 
load. Thus the eiTect of load impedance on 
power delivered can be easily measured, and 
the characteristic impedance of telephone li nes, 
phonograph pickups, oscillators, and similar 
equipment can be found by observing the im­
pedance whicb gives the maximum reading on 
the instrument. 

In testing radio receivers the TvpJ:! 583-A 
Oulput,..}>owcr M eter is vcry useful as an output 
indicator for standard selec ti vity, sensitivily, 
band-width, and fidelity tests, and all auxiliary 
decibel scale is furnished on Lhe meter for this 
purpose. 

GENERA L 

DESCRIPTION: This instrument may be con­
sidered to be an adjustable load im pedance 
across which is connected a vol tme ter that is 
calibrated directly in watts lost in the load. 
Actually the input is connected lhrough a mu lti­
lap transformer and a resistance network to an 
output meter. 

FEA lURES: The TYPE 583-A Outpu t-Power 
Meler covers a wide range of both power and 
impedance values. The power range is 50,000:1, 
and the impedance range is 8000:1. All readings 
can be made directly and quickly. The indi­
cating element is a recti fier-tYl* voltmeter and 
will stand considerable overload for short 
periods. 

SPECIFICATIONS 
Power Range: 0. 1 to 5000 mill iwatta in four ra nges (5. 50. 
500,5000 milliwall8, full sca lc). The copper-oxidc meter is 
calibrated from I to 50 milliwalts with an auxiliary sCll le 
r<:ad ing from 0 to 17 deci bels abovc n rufureuce le,'eI of 
I milliwall. 
Impedance Range: 2.5 to 20.000 ohms. For ty di><erete 
i lllpedalH:~'$, distributed npproxiUllltely lognrithruicnll,. 
are obta ined by ltlenlW of a ten-step OHM S dial and (I 
four-step iI'iU J.TIPLIER. 
Accuracy: The accuracy of both {)Qwcr and iOlI)CcinnCt) 
measuremcn\.5 varies with frequency. T he maximum error 
in full-scale pOwer reading docs uo~ exeeed 0.5 dceibd 
between 150 (Iud 2500 cycle", nor does it exceed 1.5 dt"(:ibeu 
at 20 !lnd 10,000 G)·c!('S. The average error is 0.3 decibel at 
30 and 5000 cycles. ami 0.6 d~cibel at 20 and 10.000 e~·clcs. 

The wtlxiwum error in impedauce does not exceed 7% 
betweeo 150 and 3000 cycles. oor does it exceed 50 % a~ 20 
and 10.000 cycles. Tbe a vernge error i ~ S% al 30 (llld 
5000 e)'des and 20% at 20 and 10.000 cycles. 
Wavefo,m Error: Tile indient;ng instrument used is a 
oopper-oxide rectifie r-type meUr, calibrated in N O-li .-alucs 

for a si nusoidal :lllpl iecl voltflge. When non-sinusoidal 
voltages arC applied a n error in indicntion mfly occur , ~i n ce 
the weter is not a true r-IIl-S indicnting devi .. "<!. T he error 
will del)CUO on (he magui lude and phuo;c of the harmonics 
present, but with w(I"dorms llorm"Uy eneountcred iu 
colllmulliea tions work will not be serious. 

M ounting: The ins trument is IIIountC(1 on fln a luminum 
I'nnci in n walnut eahi net. 

DimllOn$ion, : ( Le ngth) 10 x (width) 7 x (height) 6 iuehes. 
ov~ r ·al l. 

Net Weight: :l j4 pounds. 

Code lVol'(l Prict 

583-A 1 Output-POWllOf MetllO r .... , .. , ................ 1 $95.00 
P .... T ENT NOTICE. g.,., No~. S, 6, palo'e vi. 
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RADIO CO . METERS 

TYPE 783·A OUTPUT·POWER METER 

USES: T he TYPE 783-A Out.put-Power .I'vl eler is 
a direct-readi ng inst.rument for measuring the 
power ou tpu t of audio--frcquency circui ts. 

Some of its specific uses include the testing 
of amplifiers, transformers, and other networks. 
It is particularly useful for simulating loud­
speaker or other load impedances in testing the 
output characterisLics of high-power audio 
systems, since it will measure power OUL])uts as 
high as 100 waUs. It is sufficiently sensitive. on 
the ot.her hand, to be useful in measuring very 
low-Ieyel circuits . 

DESCRIPTION: Functionally the TYPE 783-A 
Output-Power Meter is equivalent to an ad­
justable load impedance across which is COD-

7'ype 

nected a voltmeter that is calibrated directly 
in watts dissipated in the load. 

This instrument is very similar to the TYJ>I~ 
583~A Output-Power Meter described on the 
previous page but has a much higher power 
range (100 watts, maximum) as well as better 
frequency and impedance characteristics. 

FEATURES: This instrument gives accurate 
power indications over a w:ide range of power, 
impedance, and frequency. The auxiliary deci­
bel scale is convenient for many t ypes of 
measurement. 

SPECIFICATIONS 
Power Range: 0.2 milliwatt to 100 W(ltb in five rang"'~ 
(10 and 100 milliwatts. I, 10, and 100 watts, full scale). 
An auxiliary decihcl 8cnlc rcads frolll -10 to + 50 dh 
rere rred to a level of 1 milliwntt, 

Impedance Range: 2.5 to 20,000 ohms. Forty d iscrete 
iro~dances . dis tri blL ted approx imately logari thmically, 
are oht(lined by mea os of a ten-step OHMS dial and a 
four-step i\l ULTIPLI EH. 

rmped~nce Accuracy: The input impedanceii within ±2% 
of the indica ted value. except lit the bigllCf audio fre­
quencies. where the error for the higher impedance settinp 
may exceed this \'alue. At I 5,000 cyc\es t he input impedance 
e rror is about 5% for impedances from lO,OOO to 20,000 
ohms. 

Power ACCLlIacy: The indicated power is aco;uratc to 
±0.25 db a t full-scale reading. At the lowest impedance 
multiplier settiog (2.5 to 20 ohms) t here may be an 
additional error of 0.2 db dne to swi teh contact f(:sistance 
whcn the power IllLlltipl icr is sel at 10 (10 to 100 watt 
rauge) . 

T he over-all frequency cI.lu racteris tic of the PO\'l'er 
indication is flat with in ±0.5 db from 20 cycle3 to 10.000 
cycles ; within ±O.15 db to 15,000 cycles, 

Wavefolm Enon The indicating inslruOlcnt u!LCd is a 
copp<lr-Qxide rectifie r meter, cal ibrated in [-W-S values fot 
a sinusoida l applied voltage. When non-sinusoidal volt.. 
,-,ses are applied an error in indication may occur, since the 
,ueLe,' ;1\ lIot .. In.., . '-Ul-l$ ;uu;GUt;u/i: device. T he e rror .. ill 
depend Oil the magni tude twd phase of the barmoniC'! 
pre.~ent, but, with waveforms normally encountered in 
measurement circuib at com munications frequencies, will 
not be scr iou~ . 

Temperature and Humidity Effects: Humidity conditions 
ha"e a negl igible elTect Oil t he accuracy of tbe ins trument. 

The instrument ill cal ihra tcd a l 170 Fahrenheit and, if 
the ambicnt temperature departs wide ly froOl this value, 
additional errON of indication In(l), \xl expected. At high 
temperatures (95 ' Fahrenheit) th is additiona l error IW . ')' 

approach the nominal cal ibra tion error, I);)tticularly at 
the h igher frcquencie~. 

The heal dissipated b~' the instrumcnt itself has uo 
e ffect ou the accurncy. 

M o unting: The instrument is mounted on a bakeli te panel 
in a walnut cabinet. 

Dimen5ior'l$: 8 x 18 ); 7 inches, o\'er-all. 

Net Weight: 11 pounds. 

Code Word Price 

783-A I O utput-Power Meier . . . . . . . . . . . . . . . . . . I ABBEY $185.00 
J' ATENT NOTICE.. See Not ... 5. 6. "alL'ft .i. 
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METERS 

TYPE 546-8 AUDIO-FREOUENCY MICROVOL TER 

USES: The TYPE 546-B Audio-Frequency 
Microvol ter is a useful source of small, known, 
audio-frequency voltages. In measuring the 
response of amplifiers. transformers, and other 
audio equipment, such a source of known input 
voltage is extremely valuable. The microvoltcr 
can also be used to measure ot.her small voltages 
by substitution methods. 

DESCRIPTION: This inst.rument consists, es­
sentially, of a constan t impedance attenuatar 
and a voltmeter by means of wh ich the input 
to the attenuator is standardh:cd. A switch 
controls the Olltput voltage in decade sleps 
while an indi vidually cali brated dial provides 
continuous control over each decade. 

FEATURES: This instrument has an excellent. 
frequency characteristic, extending from very 
low frequencies up to 20,000 cycles. The low­
frequency limit is determined by the charac­
teristics of the meter. Excellent accuracy is 
obtainable for absolu te voltage levels, and for 
voltage ratios, as are used in gain or loss 

measuremen ts, still better accuracy can bc 
obtained. 

In addition to the voltage calibration of the 
meter and mult.iplier, a decibel scale is provided. 
This facilitates the work of obtaining response 
characteristics, since 110 calculations arc neces­
sary to obtain the relative response in decibels. 

SPECIFICATIONS 

Output Voltage Ringe: From 0.1 micro"olt to 1.0 volt, 
open ci rcui t ..... hen tho input voltage is set to the sta ndard­
;l:ed refcrence valuc. 

AccurlCY: For openo(:ircuit output voltages the c .. libration 
is accurate within ::1:::3% ::1:::0 .1 microvolt for ou tput settings 
above I microvolt !lnd for all f~quencit:8 between 20 !Iud 
20.000 cycles. T his ''',:cumey applies only whero waveform 
IIlld UlWI)Crtlture errors are negligible (SIle below). Uelow 
J microvolt the (; rto r increa!ICII owing to crowding of tho 
scale. 

For rat ios or incrcmen ts of voltage. ut Il given frequency, 
the accuracy of IIny rendiug i& within ;:1;:2% :::1::0 .1 micro­
volt, a t ft(l(lucnciee up to 100,000 cyelC/l. At the higher 
frequencies thill flccuracy II llllliea ouly nt levels abo ... e 100 
microvolls. 

Output Impedlnce: T hc output;ml>edance ;S 8PIlroximllUlly 
200 ohmll lIud is constlOut with !!CHiu!; witllin ;:1;:5% . T his 
illlpedllnce i~ l ufficiclltly low S() thlO~ no correction on lhe 
output vol loge is nCCCQary for loa..! impedances of the order 
of 50.000 olllul nnd greater. 

.... " ............ "., ..... --'---, .......... ,....-----.., , 
-'" I " .. ,,,,,., • ...,_ ,_.OOA , 1-_____ _ ____ J 

Input Impedance: Approximately 430 ohma, lIu \.lslontia ll y 
independcnt of output IICtting on all but the highC/l t 
multiplier l)(I$it;oll . 

Waveform Error: T he accuracy of the microvolter as 0 

calibrated atteuuator or vollage divider is independen t of 
waveform. The absolute accuracy or the outllut voltage 
calibration depends on the chllrlOcterislies of the input 
voltmeter, which ho" a IIl1lo 11 waveform error that dcpeuds 
in turn a u both the phose find the nmgui tude of harmonies 
present in the input. This error in the voltmeter can. in 
general. be neglec ted wholl the microvollcr is used wi t h 
ordinory laboratory ~illIlIoNi . 

Temperatole ErrOl: Tl:e occurlley of the eaJibrll tiou is 
indcpellden~ of temperature whell the microvolUlr is used 
81 Un oUenuotor or voltnge divider. The o.b:solu te aecoracy 
is a lTectod slightly by Ulllll>eroture becau.se of change in the 
voltmeter characteristics. T he neeeSMry correction for 
temperlliurea from 65- to 9:;- Fllhrcohcit is furnished .. '-;th 
the instrument. The e lTc.c1s of humidity are negligible. 

Power Source: Tho driving oscilh. tor must be cn pable of 
forn ishing about 2.2 valls BCr<NS 430 ohms, or about 
II milliwatls. 

T erminll" Jack- top binding p()l!ls are mounted on aland:lrd 
M-inch '!>'lcing. 

M ounting: The in,trument i. mounted on on aluminum 
POnel ill a 8hiclded walnut cl.binet. 

Dimensions: (Length) 10 x ("'idth) "l" x (height) 6~ inches, 
o'·cr-a ll . 

Net Weish!: 6 }i pOunds. 

Code Word Price 

5<0-0 
·tt~r. U. S. PQ\. Off. 

J Audjo-Fr~qucncy Microvolter · ......... .... 1 $80.00 
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FR ECj>UENCY GENERA L 

FREQUENCY AND TIME 
THE PRIM ARY STANDA RD 

The determination of frequency directly in 
LemlS of time is a fundamental measurement.. 
since frequency is the lime rate of recurrence 
of a cycl ical phenomenon. A p rimary standard 
of frequency is, therefore, defined as one whose 
frequency is determined directly in terms of 
time. A secondary standard of frequency is OIlC 

whose frequency is determined by comparison 
with n primary standard or by comparison 
with other secondary standards some one of 
which originall y was compared with a primary 
standard . 

III order to establish a primary standard of 
frequency, i t is first necessary to establish a 
rclinblc standard of lime. A cyclical system, 
having a subslul1liall y constant rale, thel) 
becomes a primary frequency standard when 
rcferred to the time standard . 

/ 
ROTATIONAL 

PtRIOO 
o r THE EART> 

. 
STA NDARD TI ... E 

'NTER VA L 

TI"IE COM PARISON -------- -------

TI""NG USE FUL 
EOUIPMENT OUTPUT 

CONS T ANT -rREQUENCV 
OSCII.I.ATOR 
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In practice, the responsibility of establishing 
and maintaining accurate time determinations 
by astronomical observations is not asswned 
by the individuals desiring 0. primary standard 
of frequency. The time determinations are 
carried out by observatories especially equipped 
for the purpose, and the results are made 
available to a large number of users by stand­
ard time transmissions by radio and wire. In 
the United States, the U. S. Naval Observatory 
transmi ts high.precision time signals by radio 
through the facilities of the U. S. Naval Badia 
Service. The Arlington lransmission on ] 22 kc 
is now avai lable several times a day and can be 
received over a large part of thc conti nental 
United States. Less frequent transmissions on 
bigh frequencies can be received nearl y all Over 
tbe world . 

The user of a primary frequency standard 
can then conveniently determine the frequency 
of the standard in terms of the standard 
ti me interval sent to him by radio. In the 
General Radio equipment means are provided 
for quickly and conveniently making this 
comparison. 

In principle, tbe constant~frcquellcy oscil~ 
lator, checked in terms of time, is a primary 
frequency standard , bu t is a single-frequency 
device. For convenience in usc, it is desirable to 
have means of oblaining from sllch a source 
man y other frequencies above and below the 
oscillator frequency . 

FREQUENCY M ULTIPLICATION 
AND DIVISIO N 

For practical rcasons it is desirable to divide 
a standard frequency, if this frequency be a 
low radio frequcncy, to obtain an output fre­
quency such that an easily const ructed syn~ 
cbrollous motor can be operated to count the 
number of cycles executed by the standard 
oscillator in a standard time intervaL In 
measuremcnts of frequencies and particularly 
of high radio frequencies, it is desirable to 
mu ltiply the standard frequency by some 
factor to obtain an output frequency ncar the 
frequency being measured. Both oC these 
operations arc performed by a relaxation oscil. 
lator called a muWvibrator. 

"'j(::UI"~ 1. Functional dillg ram of a prima r y stand· 
al'd of frequency. The freq uency of a. primary 
slandard il wc/l, uf1Cd by di~t ool))i>'I ri$OO wi th the 
rotational period of the earth. Hence ooy primary 
. tandard wi ll eonai~ l of u eoWltan t· frequency 
oscillator (Iuch .. a pendulum, or u p icw-eltelrit 
crys tal) lind $Orne mtlUll for eounting the number 
of ill oscillations in a given standard t'me interval. 



 

RADIO CO. 

FIGURE 2. Showing functionally the operntion 
of a frequency d ivi$ion 'Iystem . 

An oscillator of this type is characterized by 
its susceptibility to control by an introduced 
voltage whose frequency lies near its funda­
mental or a low-order harmonic frequency. In 
tbis condition of control, the relaxation oscil. 
lator locks into step with the con trol voltage, 
and the frequency bears an integral relation­
ship to the frequency of the controlling voltage. 

If the frequency of the standard oscillator is 
j. a rouil..ivibrator. controlled by it and aCLing 
as a frequency divider. would have a funda­
mental frequency of J/ml> where fill is a whole 
number (generally less than 10). This fre­
quency divider can, in turn, control a second 
divider operating at a frequency 11m2 below 
its fundamental frequency. The two dividers 
then give a division of 11mlm2 for the standard 
oscillator. 

From each of the three fundamental fre­
quenciesj, Jim" and Jlm,m2 a series of mUl ti ple 
freq uencies can be derived by the generation of 
harmonics. The multi vibrators have extremely 
distorted waveforms, and their ou tputs contain 
hundreds of harmonics useful for measurement 
purposes. 

By these two processc.'i, a great number of 
standard frequencies, each of wh ich is known 
with the same accuracy as the frequency of 
the standard oscillator , can be produced from 
a single-frequency source. By suitable choice 
of the factors by which the standard frequency 
is divided, the derived frequencies may be made 
to cover a large part of the communication­
frequency spectrum, from low audio frequencies 
to high- and even ultra-high radio frequencies. 
The range of output frequencies obtainable 
from the General Radio Primary Frequency 
Standard is shown in Figure 3. Comple te 
specifications for this standard are given on 
page 126. 

FIGUI\~ 3. Functioilu l diagram of CI.ASS C_2 1_H LD 
Primar)' S tanda rd or Frequency. The output 
frequencies are shown in the spectra at the righ t 

of t he diagra,n. 

FREQUENCY 

THE SECONDARY STANDARD 
Tn many cases an elaborate and costly pri­

mary frequency standard may not be justified 
for the work at band. Satisfactory secondary 
staIldards can be assembled to mee t the par­
ticular requirements of measurements at some 
loss in accuracy, but at a considerable saving 
in cost. Sinco accurate standard frequencies arc 
now available by radio, i!.. is possible to check 
tbe standard froquen!..ly, and , if necessary, 
readjust the frequency into agreemen!.. with 
standard-frequency radio transmjssions. A 
secondary standard of moderately good per­
formance wi ll maintain its frequency suffi­
cient ly well oYcr the periods be tween standard­
freq uency lransmissions so that entirely satis­
factory average accuracy may be maintained. 

In general , a secondary frequency standard 
consists of a standard-frequency oscillator and 
one or marc multivibrators, dependi ng upon 
Ule outpu t harmonic frequencies desired and 
the purposes for which they are required. A 
generall y useful combination is shown func­
tionall y in Fis,ure 4- and is described under the 
CLASS C-10-H Secondary Standard, page 130. 
Other combinations can be assem bled to meet 
particu lar requiremen ts, 
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FREQUENCY 

FREQUENCY MEASUREMENT 

The next step. after establishing a series of 
standard frequencies embracing a portion of 
the frequen cy spectrum in which mensuremen ts 
of frequency arc to be made, is to eval uate an y 
unknown frequency in terms of onc of the 
standard frequencies. An y unknown frequency 
willlic between two of the standard-frequency 
harmonics. as shown in Figure 5. The simplest 
process is to determine the difference in fre­
quency between the unknown frequency and 
the nearest of Ule standard frequencies. This 
difference is added to the standard frequency 
if the unknown lies above the standard , or 
subtracted if the unknown lies below t.he stand­
ard frequency. 

INTERPOLATION METHODS 
For evaluating the frequency difference (A 

or B. Figure 5), either of two methods is ordi­
narily used, the direct-beaLing method and the 
linear interpolat.ion method. The direct-beating 
method. outlined in F igure 6, consisls of beat­
ing the standard and unknown frequencies in a 
detector. and measuring the beat frequency by 
comparison with a cal ibrated audio oscill ator. 

FIGIJ IlJ-: 4. Fuocliorml tli"gralll of CLASS C - I O_H 
SeconJary Fl"C(l u enc~· Slft nJ"rti . 

,----------
I o· 
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I 
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I o· 

SO ~c 
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GENERA L 

I. 

f, 12 

_.-
"., ,., n" "., __ ...... 0(. 

F 'CIJI\E 5. This J iagnun shows the rdation 
bel""cen ~n unk nown rl"C(lUency (Inti II stli litlurd 

harmonie IM:r;cs. 

The linear-interpolation method uses a radio­
frequency oscillator whose output frequency 
varies linearly with scale setting. This linear 
scale is used to interpolate directly between the 
two standard frequencies to locate the un­
knowll. Figure 7 shows how this is accomplished. 

When the oscillator is successively adjusted 
to zero beat wilh the unknown frequency f~ 
and with each of the standard frequencies I I 
and l 2• between which l~ lies, t.hree dial settings 
8~, 81> and 82 are obtained. Since the frequencr 
intervals are proport.ional to corresponding 
scale intervals, 

and 
Sr-S1 

I, - I , + &,- S, (1, - I .)· 

Similarl y, 
S2-S~ I, - I,. - S- S (I, - .I,). ,- . 

Assemblies of frequency-measuring equip­
ment for measuring unknown frequencies in 
terms of standard-frequenq harmonics arc 
descri bed on pages 128 and 13l. 

Whcn portabili ty and simplicity are im por­
tant requirements for a frequency measuring 
sys tem, the secondary standard and interpola­
Lion device can be combined in a single cabinet. 
The heterodyne frequency meter, with buill-in 
crystal calibrator, described on page 142, is an 
example of this t ype of instrument. For rapid 
operation and freedom from ambiguit.y in the 
identification of harmonics, a direct-reading 
dial is provided. ' umerous checking poin ts are 
obtained on each range of the heterodyne fre­
quencr meter so that all y drift caused by aging 
or br temperature is easil y corrected. Inter­
polation between known checking points is 
accomplished by use of the direct-reading dial. 



 

RADIO CO. 

STD. ~~_,_~ 

X ~'---;;::'=u:: 

" ]GU"" (). F""ctiou"l diugr"m »howing lile 
olJ<::ralion of the di rcclrbeatiug method of frc! l"cncy 

m Cllsuremcn l. 

FREQUENCY MONITORING 
As contrasted with the problem of frcque~cy 

measuremen ts over wide ranges of frequenclCs, 
certain operating requirement;s demand t.he 
continuous measurement of a slIJgie, or a very 
few frequencies. The con.tinuous m.onito~ing of 
th e frequency of a rad1.o transmItter IS ,one 
instance. Frequency mom tors are now r~qUlred 
by law for many classes of service in the United 
States and foreign coulltries. 

For continuous monitoring, the process of 
measurement must be reduced either to auto­
matic or very simple operation" In the TYPE 
25-A Broadcast Frequency MOllJtor*, the, car­
rier frequency is compared with that of a piezo­
electric oscillator which is offset from the as­
signed carrier frequency by 1000 cycles. T!le 
carrier and sl..'Condary standard frequencies 
are fed to a detector, where the beat-frequency 
difference is obtained and is then amplified. The 
amplified output is then passed to a frequency­
indicating device, usually referred to ~ a 
frequency-deviation meter. If the transmitter 
frequency vari es with reference to the fre­
quency of the secondary standard, the beat­
frequency also varies, and the departure from 
the normal value is a measure of the carrier­
frequency cie!iation in both !li~gnitude and 
sign. The carner-frequency devlatlOn may th us 
be continuously indicated on a me ter; the 
operating 'personnel can easHy check the fre­
quency at any time and make any necessary 

Frr.UH ~: 7. Plot of freq"e ncy ~'$ . scale setting for 
" lincar-o;cn l<) oscill;>lor. 

·Di"""nli,,,,"" ror the d" ralion o[ Ihe war. 

FREQUENCY 

FlGune 3. Gcneral fuuctiotwl diagram of ;). 
froqlle ncr monitoring systcm. ~he din'cren~ in 
frequency t::.J be t.weeu [ransulltter lOud IllCZ':'­
elec tric oscillator i$ obtaiued iu tloc detector. IS 

Amplified. alld o[)Crntcs the frequency lUet~ r .. To 
o\"crcome ambiguit.r as to the sense of the deVIatIon, 
t::.jis lImde tl) h~ve;) definite vallie. lin), JOOO cyek.,;. 
when tlto trn nsmiucr is uL correct frequency, by 
adjusting the piezo .. dcclrie oscillator (or a rrequelle)' 
1000 cycles alto\"e Or below the assiglleu transmitter 

frequency . 

adjustments to correct any deviations which 
occur. 1£ desired. such dcviations may be 
recorded, so t.bat a permanent record of the 
station performance is obtained. .. 

In some cases, a simpler type ?f mOJ:utor IS 
more desirable, for example, one III wInch the 
station deviat.ion is indicated on ly if it exceeds 
a prescri bed limit. In one such type* the operat­
ing range of the monit.or may be adjuste~ to 
meet the requirements iml?osed on the P~LICU­
lar channel to which a st.at.lon may be assIgned .. 
Once adjusted, the monitor operates either of 
two signal lights, one for posi.tive and <?ne for 
negati\'e deviations, but only If .Lh~ carner ~re­
quency deviation exceeds ~he hmlt .cor whICh 
the monitor has been set. Smce the Sign of t.he 
deviation is indicated, the operating personnel 
may at once make t he proper readjustment of 
the transm itter to bring it within the tolerance 
permitted .. 

WAVEMETERS 
For making preliminary adjustmepts on 

transmitters, and for general experimental 
work the sim ple. resonant-circuit wavemeter is 
still ~ valuable tool. Sufficien t accuracy is pos­
sible so that preliminary adjustments may be 
made closcly enough to be representa tive of 
final conditions. Several models of wavemeters 
are described on pages 148 to 150, covering 
different frequency ranges, with various accu­
racies and with different Lypes of resonancc 
ind icators adaptcd to t he types of service for 
wh ich the instrumen ts are intended. 

In the following pages assembli.es of st~dard­
frequency and frequency-measurmg eqwp!lien t, 
which hayc been found to meet. convemently 
most general requirements, are described. 
Modifications in choice and grouping of units 
arc possible to meet efficiently u:,any and vari.ed 
special requirements. Suggestions OIl .. equ.lp­
ment will gladly be made by our Engmeermg 
Departmen t. 
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FREIjlUENCY GENERA L 

PRIMARY FREQUENCY STANDARD 
Class C.21·HLD 

The Cl.,<$!1 C·2 1. IILD S tandard-Frequency Assembly 
;8 II complete am.l highly precise primary standard of 
frequency. Unita have been insta lled and II.C now opera ting 
in all par'" of Ihe "'orld in industrial nrgani1.8tioDI. re­
search laoonHorics, obolervatorie.. and frequency monitor· 
iug IbltiolU. Many of thelll a rc UM:d aa national $~ndard" 
of frequency hy CQulIlluniclltioulI lIr1 minis lratioo. in 
AmcriClIll , European. a nd ABiotic C()untriCd. 

The aucmbly it provid .. od wilh 11 meaDS of mcusuring 

its output frequencies in lerna of awudard time without 
reference to IIny othet .t.ndard of frequency. lIoTlllt.,lUie 
series based on rundamentnl! or 0.1, I, 10, and SO liilG­
cycles are aVlli lable at ils oulllUt terminal' to furnish 
s tandard frequencies over the entire communication­
frequency ape<:trum. From it can also be oblained one­
>reoond Im18e\l . The accuracy of a ll outpu t freqllcnciea i~ 
the lIBme lind ;. bellcr tha n ±5 l}/lrU in ten million over 
periods of sevcral month •. 

SPECIFICA nONS 
F,equency Range: Standard frellUencil):ll ranging from one 
pull\ll per ICcolld to frequ enciel of 1C\'CTIi I megBc)'clcs can 
be obluined from thiB equipment. 

The oulput frcllucncies are 81 follows. The upper fre_ 
(Iucne), limil ("mends upon lhe method used to dettet I lid 
utili~e the harmonica. T he vplue' here (Iuo tcd arc easily 
rMched when using the TYp~ 619-E H<lUl rodyne Detector. 

From 50-kc lIIultivi\)rator. 50 ke and ilA harmoniCOlUp to 
25 megacycle. (upper limit or T YPE 619-£). 

FrOIl1 JO-kc lUlIltivilmltor. 10 ke and its harmonics 
up to ] 0 megacyc]e.. 

From I-kc lDultivibrator. I kc and its h3rmonics in 
the audio_frequency rauge. 

From loo-cycle llIuitivibrator. 100 cycles and its har_ 
monia in the lower audio range. 

From the .yncronome~r unit. one-second contactor. 
The lime of occurrence of the conmel may be phased 
to occur a t lilly ins tant over" range of one IICOOnd. 

If 0 .ui lable high_frequency receiver i. used to det.ect 
them. 50-kc hUfu>ouiCl up to 50 megacycles can be utilized 
directly. 1"01' work at higher frequeucies, harmonica of an 
auxi liury oscillator whOle fundamenta l is monitored against 
the standard a l a lower frequency u n be used. 
Output Volt.ge: The hannoni(: outputs of the 50 and 
10 ke a~ at 10 .... impedance (65 ohm.). The r-m-ll voltages. 
mea.or«! a t the tenniuul .trip or the f~qucncy .tandard, 
acrosa II; 65-ohm load, rore: a t 50 kc. 0.3 yolt; and ]0 ke. 
0.3 voh. T he lludio--fre'lueney outputs. are at high-imped­
ance (10.000 1020.000 ohms). The r-W-fi voitagea measured 
ut the terminpl strip of the -'a ndurd. flcrou a 10.OOO-ohm 
h)lId, a re: J ke, 25 \'01'- ; 100 cycles. 15 voltA. T hese "oltages 
arc repretell to tivc only; they ure not guorontud values. 

F,equency Adjustment : The fretluenc), of the quortz bar 
in i ts oscillulor circuit i, adj us ted to witi,in ] part in teu 
'llillioll of ita specified frequency in terlllS of 8talldard 
lime. Slight eilBllges in frequ ency may occur during ship_ 
ment. A control is provided for adjullting the frequency 
over n range of opl)roximately plus o r minu, 6 parts in 
one million. Complete iustruetions ror making adjust­
Illenta over a wider range H e given. 
F,equency Stebility: Whe.) the ut.'lembly i. operated in 
o(:cordonce with in,lruc tiolls. the fn:quency will remain 
... ithin Sparta ill ten million over 101ig periods of time. 
Since time coml)uri50ns clln be made c8Cvera l times daily, 
the frequency i. known with a bigh degree of p,..,eisioD 
at all timee. 

The tempcrature coefficient of frcquellcy of the quartz 
bur is of the order of I purt per million per degree Centi_ 
grade. Tile ~rnpcra lure reguln tion i. within 0.01· Centi· 
grade 80 Ihat the elrect of ambient temperature nucluatioos 
should not cau.se an)' chonge in frequency greater than 0. 1 
port in ~n million. The volUige coefficient of rrequency 
of the osei llu tori~ul,prolima~ly2 I)orlil- per hundr«! olillion 

CI(I" 
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for lint) Yoltage changes of 10%. The overllge frequency 
voriotion from this ceuse will be .ubstonliully i eBll. 
Output Terminals: T he vorioua ou tput rrequencies lire 
mode avn;]a ble at Rhiddcd plug connection! On a LCrminnl 
panel At the rrOnl of the TACk. '1'Ili. I)anel i~ permanent ly 
wired into t he cuble Ilssembl)·. Sinco All neCellSury wiring. 
for a ll interconnections botweell ulli l4 of the 08!le lllbl),. 
i~ provided in tbe form of cobles, no connections need 
be made by the user other than power .. upply connections. 
nnd a connection to the point where the Itandard fre­
qucllciee are to be used. 
Vacuum Tubes: The (ollowing tubes are required nnd ore 
~upplied with the ossernbly: 

25-type 6J5-G 
\ - 6H6-GT 
1--6A7-C 

I- type 83 

1-6SN7-GT 
I- type 6K6-G 
I- type VR-\05-30 

Power Supply: 105 10 125 volt., 50 to 60 c)·d es. Two 
lypell of po .... er ... upply equipment arc available: (I) II 
comple~ o-c power .upply; o r (2) a unil for continuously 
charging .toroge !xatterice. 

For the completely aoC operated IlsaellIbly no batlerie3 
of 8ny kind are required. 

For the OOllting-!xattery-operated 8saernbl)' the following 
leod-Iype storoge botterict are required : 

Two 6-volt, 300 ampere-hour 
Four 4S·volt . 24 owpere-hour 

11,1 Ilddition. a re8erve l)Ower supply for the healers is 
recommended. T hi. should be cul)a ble of supplying 100 
watta at] 15 vol~. Batteriee must be pnrchased .epprnlcly. 
None ore .upplied. 
Power Input: The power demund rrom the supply line is 
appro~imate l y 210 wll tta ; with hcale" off, the power re­
quired is opproxi.nately ]30 wotts. The a~ru!)e heating 
power at normal room t(lmp(!rtlturos is IlP I)ro~illlutely 
20 watts. 
AceellO,itlS Supplied: Compl~le se t of tubel:l, aPlITe !lets 
of fusCII. fusible linkl. pilot lights. All connecting cobles. 
includ ing power_I npl,ly lead •• Rnd comple te operating 
ins truc tions. 
Mounting: All unia ore mounted on atondurd 19-inch 
",loy-rock pOlitis finished in black crackle laequer. A 
cabinet roek. block wrinkle finish. is lupplied for mounting 
the units of thp. IUI!le lubly. 
Dimension5: The over-all d imena.ionl of the asselllbl ~' in 
cabinet rock are (height) 76J.i x (width) 22 x (depth) 
2Hi inclle •. The available paocl , paC(! i. 40 rack uni ts or 
70 inches. 
Net Wei,hl: 530 pound. for lloaling-bat~f)' assemhly 
(Tnt: 695-C C borging Equipment) ; 500 pounds for aoC 
operation (TYPF- 696-C Power Supply). Cail ine t rack is 
iueluded in both CllIiCII. 

I I .... Y£II 
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RADIO CO. 

TYPE 693·8 SYNCRONOMETER 
T his punel includes II l OOO-cyck sy(] cbronou~ 

' 11 0 10f for c lTec ti vcly (X)unl ing lhe DUlII !>o: r of cycles 
fl.xt(:u l.ed by t he s tandard pie1.o~ l()Clric O!ICm(llur 
in II 8I3udard l ime interval. A large. illuminated, 
%4·hour dilll ,,·jlh II loug sweep hand makes for casy 
visibili ty. A microdinl eou wClOr . open'l1 ing once 
tach 50.000 c )'des of the 6wudard OIICiitll to r. i. 
provided for oonl l~ri.soli with l ime signnls. "he 
Ulicrodia l Ult,c"an i~ rn may Lc phased by mell ns of II 
l){Inci control. Colll pnr;!j()n of the syncronomele r 
r<!ll(li ng with sllmdord lime may IJ.e made on the 
microdiui Kille to one par t in len mittion ovcr II 
24-honr in tervul. The 1 OOO-cycic synchronous molo r 
;8 s turled hy (I 6O-cyclc mOlor controlled by a push_ 
buu on 011 the panel. 

TYPE 692-8 MUlTlVIBRATOR 
The 10-kc and I-ke lllllitiv ihra lol'il d i \' id !~ the 

ItAnd(lrd fr.;:qu.;: ucy of 50 kc dowlI 10 I ke for o po::: ra_ 
lion of the syucronomcter a",1 supply s tandard­
f'l.'<luellcy harmouiC!! for me(lsuring purposOl:t. T loe 
50-k<: and 100-cycie Ululti vihratol'il provide (lddi­
l ional ou tpu t freq u.;:ncics for nSC in measurements 
of h igh r adio f.eq ue""i"" a nd Dudio f,,,queue;,,,,, 
Tes llCct ivciy. (See also page 133.) 

TYPE 698_A DUPLEX MULTIVIBRATOR 
T he T n'l!; 698-A D Ulllcr l\'Iullivihra lor sup" li", 

fretlllcncies of 9 lind J I kc And is for the purpose of 
Avoidi ng nlellSuNJmeuts nellr <tero beat, pa rticu larly 
on chpnllcis wbosc freq uencies lie a t multiples of 
10 Iic, 

TERMINAL BOARD 
Shielded IO"'-irupcclance cablc i$ utOO for all 

rodio·frequellc), circuits. On the connect ing panel, 
,hielded oul pu t plup a re provided for out pull! a l 
50. 10, li nd 1 kc, 100 eycles. and tor the microdia l. 

TYPE 690-0 PIEZO -ELECTRIC OSCILLATOR 
TYPE 691-( TEMPERATURE CONTROL 

TYPE 676·B QUARTZ BAR 
T his group ~'Ons li tu lcs the s la nd tl rd -fn-q llCIICY 

ollCilJ lllor of t he system. Double tew perature control 
of the qllArt1. u..r hulds the temperature to iJcUer 
than 0.0 1- Ccntig rade O,'cr a range in a mbien t 
lcmperulure from _ 6" to +50" Celilig radc. A d ial 
a t t he rr.or IIC Ttu i l.!I ndj ustm()nl of the OO'Ici llu tor O~'''r 
II ru" go of plu ~ or rninu~ 6 parts ll'Cr mil lion, upprori _ 
mald y, 

TYPE 694-C CONTROL UNIT 
This un il contai ns t he necessary melcrs . ....,I IIy •. 

oo" trol~. lind signol lights for operation or both the 
pino-(:Il.'(;trie OlICillalor ano the lcm perature-cont rol 
·Yltem. 

TYPE 696-C POWER SUPPLY 
For cOrllp lete a lterna tinll-currellt operation, Ihe 

TW'H 696·C Power Supply ;~ u.sed. In thi~ elU!e 
no ikoUcr;I'lI o f a"y killo are rt!(luireo. If lloal;ng_ 
ballery op(!r" liou is nesire..l , to II,"oid i ll lf'rrup l ion~ 
due to 8u llpl)' liue r .. ilures, this uuit is repJao.x-o by 
the T rl'~ 695-C Chll rllinll Equ;pmeut. 

TYPE 480-P CABINET RACK 
" ('abiu(! l rllck is furnished 10 hOllse 11 11 IIII' 

etlu iplUelit o f Fhe sla lloHd-frelluency assembly 
Olle ll ill"~. with re ll'o" a ble fi nished ('0""1'>1. a,c 
IlrOvi tied ill Ihe !idtll for ca bling between til" 
frequenc)' ~ l l u"l" rd 8nll meusuri ng e(ju illment 
(See pAge 128. ) 
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FREQUENCY GENERA L 

FREQUENCY-MEASURING EQUIPMENT 
FOR USE WITH CLASS C-21·HlD PRIMARY FR EQUENCY STANDARD 

CLASS C-21 - M..0 
PItiMtJIy fRtQI.JEfOC'f' ,,- , 

"'" -1---, """'''01<'':, 
10 _< 

~..,._CS r -
I I 
I .., ft> Y, Yo , ~~ It. i I 
I VOLUME CONTROLS 

1./ 
0<ICItOO' 4L .. 

~~!. ." 
OO~ 

I ~ot •• ) t ... TOM 

I 
I 
I 
I 
I 
I 
I ... ., o • 
I 

This assembly of frequency-measuring eq uip­
men t, in conjunction with the primary fre­
quency standard, makes possible t.he direct 
precision measurement. of allY frequ ency up to 
25 megacycles. At frequencies above 25 mega­
cycles, measuremenlS can be made wi th almost 
equ al case by using harmonics of an auxiliary 
oscillator. Other uses include the calibration of 

1 
I 
I 

I 
I 
I 

I 
I 
I 

61l- (; 
H(lEIIOOYtlE 
FREQutllCY 

METEII 

£0"-[ 

H[1£ROOYN[ 
DETECTOII 

617-C 

-•• ~ . 
.L 

OSCILLUOII 
INTERPOLATION l 

... 
SELECTIVE h ,lJ,IPLIFIEIi 

This diagram shows ill runc­
tional rorm the opllrtlliou or the 
rrequency-measuring u8SemlJly. 
The TYPE 612·C Coul)ling p· .. neJ 
is the centrol un it from which all 
opcro lio,,,, a re COil trolled. 

Both the ulllmow " f~(I Uenc~', 
X. anti 0 scrie3 o r ~to"da rd . 
frC(lutncy harmooi~ O~ opplied 
through ratlio· ff"<!q uenry IIUen· 
nuto<"s to the hettrodyne tle tf"c. 
t~. The unknown can then ~ 
lIIea~ured by the di r«: t-belliing 
1IlC'"lhod. usin~ IIMl inll!rpolillion 
ooseilta\or, or by the linenr·inter· 
1)Qlalion method. using lhe 
he terodyne frequency meier. 

Swild,ing is Ilrovided for the 
$tundard nnd unknowlI ,"dio· 
fl"C<:tuc ne y ei.cui~; for connectillg 
the output of the de tf"CIOr to the 
intl!rpolatiol) O!ICillntor lind to 
headllhones or 10udsll('oker; (or 
. landartli7.;ng the interpolation 
lJOlK:illator in te.",~ of I OOO-c)'eJe 
,'nll 100-e)'cJe Io"'l1Ioni <;l$ ; IIml 
for controlling Ihe OIM.:r"lion of 
1111: select ive um plif1er and com· 
parison oscillOSCQpe. In nrdcr 
to kC()p Ill(' diap:r:.lll n~ simille 
as ~ible, connectionll to the 
OICillOIMpe life not Iho'll"o. 

audio- and radio-frequency equipment in terms 
of the primary standard . . Man y frequency­
moni toring stations use t his equipment. 

The assembly is iIIUSlrated 011 t.lle .opposite 
page. Brief descript.ions of the units arc given. 
and each instrument is more completely 
described on a l10ther page. Each ins lrumenl 
can be purchased separately, if desired. 

SPECIFICATIONS 
Terminals and Connections: All instrumen~ are equipped 
... ith multipoint protected plug connectort on the rear ·of 
each unit. A oomillete interconnecting cable, using 10'11"­
impedance shielded cable for nil radio- rrequency circuils, 
Rnd shielded cable for "II audio- rrequency e ircuit:). is fur_ 
nisbet! (or mnkin/!" oollne<:tions wi th Lhe CL.A.SS C·21-H L D 
$talldard-Fn:qucncy ASllembly. 
Power Supply: 105 to 125 or 210 to !lSO v()I!.iI, 50 10 60 
cycles. Other voltage. Or other frequencies on special order 
001)'. 

Powel Input: 100 wutlll with heater1 or TYPE 616-D 
Heterodyne Frequency Meter 01T. Healer demnnd is 182 
walta; /lttn:oge hellte r power is 60 'll"utlll, approximately. 
Averoge pOwcr iUllut i~ 160 Wll t~ . 

~SUilllion 

Accenoriei Supplied: Colllilte te sct of tubell. tl l" 'U lICit 
of fu_. fusible links , pi lo~ tighlll. All co"n~ti"g CliMes • 
including power-liuPilly leads . and complc te OfICrllting 
ins truc tions. 

Mountin!!: T ht: oomillete n""embly mounts in 1\ Sl"ndnrd 
19-inch TYPE oIIIO-i\1 Ca uiue t H"c\.; . T ho TnK 4110-M 
n.ek includes power service outlets for ench i".tr",,,ent. 

Dimensions: (Heigh t) i6 J.i x (width) :!:! x (depth) :!.I M 
inelles, oYer-811. The tot,,1 rack space ill 40 ... ck uni!.il. 
or 70 inches. 

Net W ei sht: 530 pound3, includinll: cubi"el n ek. 

P,ictl 

Frequency-Meuur in!! Equipment. ....... . . ............ . I " ... S IC $2325.00 
l'A.Tt;NT NOTICE. Stoe Notcoll. H . 17. 1M,. vi. 
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RADIO CO, 

TYPE 699·A COMPARISON 
OSCILLOSCOPE 

Thi, unit contains a cll thooJe-ray oscilloscope. 
with iUl power luppiy. lOO-cycle and i -kilocyele 
smooth;,lg fillers. ne t .... orks for obt.a;lIiug circulAr 
,weel)$ li t the8(l frequcncie3. and s" 'ilching for the 
interconnection of !.Iuils of Ihe (.e'w llncy .tanc.lud 
nnd measuring l'Qu; I)lllCn~ to the oscilloscope. Ol'c, 
twenty different opera tions in comparing the frc. 
que.lcy of one $OUf(:e ,,·ilh tha~ of ano ther Illay l>e 
qu ickly cnrried out, " ';lhoDt the use of any tempo­
rll ry connections. (Sec a lso I~ge 138.) 

TYPE 616-0 HETERODYNE FREQ UENCY 
METER 

This frequency meter covers II funvamentll l 
fretluency muge of 100 to 5000 kc. H(lrmonic 
freq ucnciell. or the fundamenta l (req uency. Ula y 
be u tilized in measurements, tb rough n low impel! ­
IInee ou tl)n! ci rcuit. For qu ick mCIIs llr<.:ruc uL'l , t he 
interpo lntioo di(l l. used in conjunct ion with t he 
di reo:: t-reuding find er din I, will give results wit h 
suffi cicnt ntturao::y for many vurpol!e~, For morc 
oC(:ur(lte mea8urClllcnLs, ust is made of the inter­
L)Ollltion oscillntor. (See nlso page 134.) 

TYPE 617-C INTERPOLA liON 
OSCILLATOR 

A uireO::L-rcadini linear-s<:ale II lIdio-fr(.'(ltLency 
~ill(ltor oon~ring frequencies be tween 0 nnd 5000 
cydes. It i,. used to mealltLre the audio-frcqueno::y 
di fference between the unknown fre(luency IIOU (I 

liandord l O-kilocyde hnrmon;.;. A mixer circuit 
i, induded to obtain maximum bcu~ a llll)li tude 
between the oscilla tor frequency nod the frequency 
under melLSurcwenL (See olso page 136.) 

TYPE 619-E HETERODYNE DETECTOR 
The heterodyne detector is UlICd to ohtni .. beals 

between $tundurd Ilnd unknown rarlio frequencies. 
The inllt rutnen t indudt'S n tuned, regenerative 
detector und an audio--frequency aUlplifier. Low­
impetiUllce radio-frequeucy input eircuilll Are l'll)­
vided. Plug-in coiis for n rnnge of 2S kc to 25 Me 
li re furnished. (See also page 140.) 

TYPE 612-C COUPLING PANEL 
Th i~ lIu it is the ccntra lized oonlroil)()inl (I t which 

all 8witehing II nu level control. ncc~S;lry for using 
the vilnoull combinotions of the meflsuring t'(Luip­
men l. IIlU Y be eAsi ly And quickly ""rr ieU out. (Sec 
allO PM:e 139.) 

TYPE 619-P1 COIL DRAWER 
Spuce for a ll coils normolly SUPI)li e(1 wilh t h~ 

T ypy. 619-£ Heterodyne Detector is provided. 

TYPE 614-C SELECTIV E A MPLIFIER 
A regenerAtive selec t ive amplifier which i~ em ­

ployed to lle lecl un)' multiple o f I kc belween I (Im\ 
10. The.e seleeteU ou lput frequencit'$ ure "e r)' 
useful in CAlleS where a freq uency is to be Adjus ted 
to" multiple of 1 kc. or when the eMhOllc-ray oscillo-­
ICOPfI is to be used in cali brating oscillators in the 
upper audio-frequcncy anrl low rauio- frequency 
flloges. (See abo page 141.) 

LOUDSPEAKER 
The IltrmaneDt U1llJ;uet spea ker uu<1 iUl b .. ~me are 

Ilt rmflllently mouuted ill the rela y rack. A grillt(1 
opening i. provided in the punel. 

TYPE 480-M CABINET RACK 
Power out le ts li re I)Mvidcd fOf a ll instruUIl'll ts 

ill the Tack. 
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FRE9UENCY GENERAL 

CLASS C-1o-H SECONDARY FREQUENCY STANDARD 
Where the extreme precision of the primary 

et(lLldo.rd is not rC(luircd, the less cxpensivo 
sccondary standard is osuall yquile satisfactory. 
It can be used as a source of standard fre­
quencies for the laboratory or as the basic unit 
of a frequency-measuring assem bl y as shown on 
the next page. 

The CLASS C-IO-H Secondary Frequency 
Standard consists of the following instruments: 

'lYPE 675-P Piezo-Elcctric Oscillator 
TYPE 6i6-B Quartz Bar (50 kc) 
TYPE 692-B Mullivibralor (50 kc) 
T YPE 692-B Multivibrator (10 kc) 

TYPE 480-B Relay Rack and Blank Panels 
Terminal strip and connecting cables 

T his stock assembly is illustrated below. 
Other com bina tions can be assembled to meet 
the uscr's needs. For instance, a l-kc mult.i. 
vibrator can be used in place or the 50-kc unit, 
or an nddiUonal multiyibrator can be added_ 
A primary standard can be made up by using 
a 1-ke multi "ibraLor and add ing a Tn>!:: 693-8 
Syncconometcr, although its stability would not 
be as good as that or the CLASS C-21-HLD 
Assembl y. Prices on these special assemblies 
will be quoted on request. 

SPECIFICATIONS 

O utput Frtqutncy R"ngt: Wheu the T YPK 619-£ Hetero­
dyne Inteelor is used ror de tecting (l nd utili~ing the 
atandbrd-frequeue)- hllrmonia. the output frequ en., y 
fallgea of the mu1tivihra tor are: 

10 kc and ilS harruouia up to 10 Me 
50 I;.c and its harmonia up to z,. l\ l c 

If a suita ble high-frequency «:ceivet ill uw l to de tect 
them, 50- l;. c ha rlnonia U I) to 50 megacycles eun be utili~ed 
direc tly_ For work a t higher freo:",enci~. harmollics of an 
auxilia ry osci lla tor. whoac fundum eutol is monitored 
. gainat the staud"rd lit a lower frt.'quency. can be ust.'<l_ 

O utput Amplitudt: 0_3 volt. rm~. bcrOSll n 65-!! lond. 

Accuracy: Before shil)mcnt. the frequene)- of tho pi rJ<()-
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electric oscillntor is adjusted wilhin :I: 1 tl(lr t in 1.000.000 
of il. specified frequeuey. Slight changes i,l frequeney lila)' 
occur during Ihi p",ent. T he fre<:luenty is. therefore. guar­
outeed tu :1:20 ports per million. Meon, for odjusLing the 
frequenty ore provided. {lnd the frequency ~n be brought 
into IIcreement ... ith standard-frequency tronsmissions 
8uth IloI those of the U_ S. Bureau of S tandards. Periodic 
checks agoiu.! th<S<l lrao~miS>lion.s mlllr;e i t pOSSible to 
mnintain lhe fr(!queney 10 on a<:cur{l.ty of I port in 1.000.000 
over long periods of time_ 

Ou",11 B",: The T ype 676-13 QU ( .. I ~ 13:.r is 5UI)t)lied to 
Opl.:n1l(l li t 50 kc. 

COMPONENT UNITS 

TYPE 692.B M ULTIVIBRATOR5 
'1''''0 multi vibrators are supplied with, the secondary 

frequenc), .tum/Ard . one operA ting M 10 ke, the olher 
(It 50 kt. (See al:K> I)age 133.) 

TERMINAL STRIP AND CABLE 

Comrlcte I hielded interconnecting wble.! Are 8UP I)l ied 
{l nd the Ululti"ibralor ou tputs uft brought out to ~hielded 
plU g!! un lhe terminnl s trip. 

TYPE 675-P PtEZO·ELECTRIC OSCILLATOR 
TYPE 676-B QUARTZ BAR 

T his t1ie1.0·deet rie oscillntor. lil;.e the T ype 690 Uni t ul!<ld 
ill the rri"' nr~' sl1Inclnrd. i~ e!lpednlly designed for uSC ws (l 

low-fr~'(lue t\(:y s ta ndard. The '1'1'1''' 676·13 Qunr t7. B(lT i~ 
identic(t l " 'i th that uw l in the primory s ta ndard. Since the 
uccurAey rCllu iremenl>l fo r the lICootH.lury ~tnml (lrd are less 
lI("ver.-:. only one s tnge of tCIll pl.:rutu re control is provid eo:l. 
T he power slIp/.I )· fUfrli $hc~ pOwer for o"er~ tjn g the multi­
.. illr(ltoOl lind i$ cup~hle of ~\lI)p lyitlg n ltI ~xi lllultl of throe 
8ut h unil4. 

TYPE 480-B RELA Y RACK 

The unil4 of the ~'<"lOnd a.ry st.1ndord art! IIIoull te.! on an 
open bench-type relll), rock which is l upplied with the 
e<:luipltlent. 
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Tcmpef~ture Control: A slngle-sl.agt t(!mpcra lure-cou lro! 
unit is provided. pt 60· Centigrade. Control of t\wlempera­
lure of the inner space i~ muio laiocd within 0.'· Centigrade 
for ambient tem perature chHngc~ of ± 20· Centigrade from 
8 normal of 25 · Centigrade. T he frequency ch»ngcs by 
0.2 part per million for II change of 0.1 · Ccotigrade. 

Power Supply; 105 to 125 or 210 to 250 volts, 50 to 60 
cycles. Other voltages or other r~'IUCDCi c>} on spCcial order 
only. The power supply of the TYI'E 675-P Piczo-Electric 
Oscillator will furnish power to a maximum of throo TYPE 
692-B Multivibrators, 

Power Input: D~mand, 175 watts; Uref(lge, 11 5 watts. 

Terminals and Connections: All interconnecting ~n bl(l>O UfC 

supplied. aDd the output i~ available at shirhh,d plug 
connec lio~ on the ten niuul panel. 

Closs Dellcriplion 

C-10-H I Sl1;condary FreqU l1; ncy Standard 

PATl';NT NOTICE. See NolbA L 8. 12. 19, 21, ~'9, pall" ~ i. 

FREQUENCY 

Vacuum Tubes: The follo wi ng tubes are required lind li re 
furni shed: 

I - type 6AC7 
I- type 6SN7-GT 
I - IYIIe 6H6-GT 

I-t~'pe 5V4-0 
12- t ype 6J5-0 
1-6w 115v Mazda 

Accessories Supplied: Complete set of tuUcs. spare !lett 
of fuscs, fusiule links. pi lot Jighl3. All coun<.!e \ing cab!<.!8, 
iucluding power-supply leads. and complete Ollerillillg 
instruction~ . 

Mounting: T'I'I'!> 480-13 Hela y Hack is suppli .. '<i. 

Dimensions: (l'ldght) .\>1 lr (width) 20 x (depth) 15 inches, 
over-ull. 

Net Weight: 125 pou nd~ . 

Code Word Price 

!>1'Oell $795.00 

CLASS C-10-H SECONDARY FREQUENCY STANDARD 
WITH FREQUENCY-MEASURING EQUIPMENT 

The secondary frequency standard combined 
with suitable interpolation equipment is avail­
able as a stock assembly. While not as flexible 
or as accurate as the primary standard and 
measuring equipment described on pages 126 ~o 
129, it is adequate for most purposes and IS 

widely used by communication companies, 
universities, military services, and laboratories. 

DESCRIPTION, In addi tion to the CLASS 
C-IO-H Secondary Frequency Standard the 
assembly includes a TYPE 616-D Heterodyne 

Frequency Met.er, a TYPE 619-E Heterodyne 
Detector, and a TYPE 612-K Coupling Panel. 
The equipment is mounted on an open relay 
rack as shown on page 132. Ot.her units, such 
as t he TYPE 617-C Interpolation Oscillator, can 
be added, if desired, and provision for swit.ch­
ing this inst.rument is made in the coupling 
panel. Frequencies up to 25 megacycles can 
be measured directly by the linear intcrpola. 
t ion method. Through the lise of heterodyne 
meLhods higher frequencies arc easily measllfcd. 

Cl.SS C' IO ' " 
SEGONOA~Y FREQUENC Y 

STA~OAI>D 
Functional uiagralU of the fre· 

qUt:ncy·Ulcasurill; assembly. All 
switching anu amplitude adjus t­
m<.!nt is aceouJplisheu by means of 
the Typl': 612-K Coupling Panel. 

The unknown and s tandard fre­
quencies arc applied through allen­
natol'S 10 the Ilelcrod)'ne detector. 
The unk nown is t.hen JIIea~ lIred b~' 

linear interpOlation, nsing the 
hcterodyne frequency meter. 

The interpolation O>$cillator 
(shown b)' broken linCl!) is not 
included with thia assemhly. It 
can be oruered separately or added 
later, if desired. Provision for using 
it is mude in the TnI': 612-K 
Conpling Panel as shown. 
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FRE9UENCY 

132 

GENERAL 

TYPE 616-D HETERODYNE FREQUENCY METER 
The heterodyne {re(lucncy meltr i, u$l!d to measure 

unknown frequencies in terms of stondard-frequency 
hnrmoniCII by the line&r-lnt.erpolation method. (See 
Pll~"c 124.) This iU8tnlloent is eompich:ly described on 
page 134. 

TYPE 619·E HETERODYNE DETECTOR 
OeMs ond :r.ero-l>eat sctlill" between the hel.erodyue 

frequency meter and tl standard or unknown f requenc)" 
are oblli incd in the heterodyne detector. (See page HO 
for II complete description.) 

TYPE 612-K COUPLING PANEL 
This is It simplified form of the 'J'V I'F. 61:!-C Coupi in/; 

I\",d used wilh the lI!I!ICrnhly de,cribed On page 129. 
,\11 amplitude control and switching nccC!l~a r)" i ll making 
frequ ctll.:y meUSUl\lmcuts nrc Ilccornplished here. (Sec 
p"ge 139 for description. ) 

TYPE 619-P1 COIL DRAWER 
This drawer for s tor ing t.he het.erodync detector coils 

i ~ supplied us un uccessor y wilh the het.erod yne dct.eclOr. 

TYPE 692·B MULTI VIBRATORS 
T wo llluitivibrt:llOI"$ tire ~uPI)]ied with tbe secoudnry 

[rNluenC)' s tnndllNI. one opernting at 10 kc, the other 
a t 50 ke. (See al.J;o page 133.) 

TERMINAL STRIP AND CABLE 
Complete IIhielded interOO'lnoc ting cablCll are supplied 

Hnd the multi vibrator Ol,llpl,ltt are brough t out to shielded 
plugs on the termi!l(a l stri ,). 

TYPE 675 · P PIEZO·ELECTRJC OSCILLATOR 
TYPE 676· B QUARTZ BAR 

T his piezo-<:lectric OICillalOr, like the T Y"PE 690 Unit used 
in lI.e primary standurd, is C8 peeinll y designed for U!Ie flS a 
low-frequenty 8ltlnd"rd. The Tv!'!': 676·B Quartll: Bar ill 
identical with that used in the primury standard. Since the 
aecur"cy requirements for the aeeondary sta ndard are legs 
!levere. oul)' oue slltge of tempera!,.re control is provided. 
The power supply rurnishes power for opcmting thc multi­
"ibrutol'S and ill caJWIh!e or slI pplyiug II ,unximum of th ree 
~Ucl, unils. 

TYPE 4S0·A RELAY RACK 
The Cuss C_IO_II Secondary Frequency Standllrd , ,..1I .::n 

801<1 us II single unit, is mounted on an open l~nch-tYt~ 
rchly ruc\;. T he secondary .. t."ntinrd and IUcusuriu 1\" equip­
lIlent . hown here uses an OIH)U fl oor-type ra~k. 

SPECIFICATIONS 
TlI!rmin",ls and Connll!ctlons: All in$lrurn e.nts ;Ire Cllnipped 
wilh lIlulti l)()iu t l)rotecl~1 plug conneclOr~ on the rear of 
each u!lit. All necessary interconnecting .eubles ure 
furnished. 
Accenories Supplied: Co" ll/Iete set of tubes. spare sets 
of fuses. fusible links. pilot lights. All connecting cablCli. 
including powero1lupply letlds. and ctlluplcte operating 
instructions. 
PowlI!r Supply: 105 to 125 or 210 to 250 volts, 50 to 60 
cycles. Other voltages or olher frequcncies ou ~pecial order 
only_ 
POWlI! t Input: /)emami, 375 waitt; aurag~, 200 watts . 
M ounting: The. colll I)le te IIsscnlhly moun Li iu a st.audard 
19-inch Tvf'"F. 4f1O. ,\ lleillY Ilnek. which is'"llPlied. 
Dimll!nsions: (Height) 69 }i )( (width) 20 x (depth) 18 inches, 
oYcr .. '1U. 
Nil!! WlI!ight: 3 10 p C)lImid. 

Duc~ipliol1 Pri« 

Clus C-10·H SlI!cond.ry Frll! ' 
qUlI!ncy Standard with F'll!. 
quency-Me.surin9 Equip-
mll!nt . UAYAN S1920.00 

PATEN T NOTICE. ~ Now I. 8. 12. }.\. 17. 19. ~i. 29. pail! ,-j. 
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TYPE 692·B MULTIVIBRA TOR 
USES: T hese muiLivibrulors are designed for 
use as ffcqucncy di viders and multipliers in 
General n adia standard-fl'Cqucncy assemblies. 
They arC also avai lable for geileral laboratory 
or experimen tal use. 

DESCRIPTION: Each muiti\' ibralor includes an 
input. amplifier, a two-tube Illuilivibrator, and 
two output, amplifiers. Protected screwdri ver 
adjustments provide for regulation of the con­
trol voltage input and for adjustmell t of t he 

fundamental frequency over a limited mngc. 
T he freq uency adju stmellt. perm its the UIl­

controlled frequency to be set exaclly to the 
desired cont rolled value, leading to greates t. 
reliabi li ty of conlrol over long periods of lime. 

One output amplifier is provided for the 
con trol of succeeding multivibrators, where a 
number of stages of frequency division are 
de..<;ired. The other output amplifier is intended 
for usc on the ha rmonic frequencies of the 
mul tivibrulOl·. 

TYPE 698·A DUPLEX MUL TlVIBRATOR 
The TYPE 698-A Duplex Multivibrator 

is a special-purpose uni t in tended for use 
in standard-frequency assembli es to avoid 
measu rements very near zero beaL on mul tiples 
of 10 kc (as in the broadcast band). The multi­
vibrator operates at either 9 or 11 kc con trolled 
by selected harmonics of Lbe 10 kc standard 

outpu t, either frequency being selected by a 
switch. If a frequency lies vcry close to a 
multiple of 10 kc, giving a very low beat fre­
quency, the beat will generally be very close to 
1 kc. or to a multiple of 1 kc, when referred to 
a harmonic of 9 or 11 kc from the duplex mul ti­
\fibrator_ 

SPECIFICATIONS FOR TYPE 692.8 AND TYPE 69B·A 
FII!quency: S tnndurd "'Qllcl$ arc available for opern tiOll (It 
the freqUCll ci,,3 listed !Jelow. i\ l ulti,·ibn.tors for o]ICration 
a t o thcr frC(llIcncies C(a n be SlI ll l.licd Oil spL ... inl order. 
Olltput Impedance: Approxi "' utcl ~' 6.:; ollms for fundn­
mCllla t frt)(lu CIlcics of 5 kc and higher; U]lll rOxim(lv:I)' 
10,000 ol",.s for f"" d(l mentui rrCfJLlcncic~ below 5 kc. 
Vacuum Tubes: Five type 6J5-G tubes arc ~ uJ)l>l ioo wilh 
Tl' P E 692- 13 ; four 6J :i-G lUbes with T nE 693-,\. 

Power Supp ly: 6.3 volls aC or dc. for calhode hell lcrs; 
180 "olts for 1)lute.!. Power sur, pl y is lIot i l)oorllorat ~-d ill 
in~ lruments. SjlIlnl fuliCll :'IIId Ililot lamlll! nrc $Ull]lliL ... 1. 
Termin.ls: All e:.:term'! connect ions Un) ",,,de through 
mulli point " ncll._ ... 1 oon llCCWI'l!. 

Mountin9 : S tllndard 19-inch relny rRck. 

Sche",,, tic circuit diug.u'" of 11 TnE 692· 13 
.\ Lulti,·ihrulor. The circui t of '1' \']'>: 69R-'\ 
DUlllc..: l\lulti\'ibm !or is the ~Arnc in 11I'in­
ciple, hut switching is Jlrovitl~'(1 for o llCrnti ng 

T .vJJe 

692-B 
692-B 
692-B 
692-8 

698· A 

on either of t .... o fr~"<lue"ci~1I. 

100 cycle$ 
1k, 

10 Icc 
50 kc 

90r11kc 
r.~TENT NOn c l':. See Note 1. po~r. v. 

Dimensions: POllel. (length) 19 x (height) 5 7"( inehu: 
behind ]:-,,,d. (length) l i~ x (height) 5 x (depth) 10 ~~ 
inches. 

Wei9ht: T n'!': 692-13 ,\l"lli,·ihrators. 16 J,1 ]lOuuds; 'f1' P!': 
693-'\ ])u ]lk~ \ Iulti,·ilm.tor, 17 ~$ puu",I~. 

STA"".U-: U ' v. 
STAI'lt'nEA"" r 
STASt' IlEDO\' 

STA ...... RI-:CAT 

Prw 

$140.00 
140.00 
140.00 
140.00 

220.00 
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FREt;lUENCY G E NER A L 

TYPE 616-0 HETERODYNE FREQUENCY METER 
USES: T he THE 616-0 Heterodyne Frequency 
.Meter may be used either as a calibrated fre­
quency meler or as an interpolation device 
for use with an harmonic frequency standard . 

A detector and audio-frequency am pli fier are 
included so that, when the i ns lJ'UlncnL is used 
as a cal ibrated f l'cquency meter, beals can be 
obtained between ils oscillator fl'cqucncy and 
the frequency under measurement.. Freq uencies 
both below and above the fu ndamental fre­
quency range of 100 to 5000 kc may be measured 
by harmonic methods, provided onl y that a 
reasonable signal voltage is available. 

When used ill conjunct-ion with a frequency 
standard , t ile Ilct.crodyne frequency meter 
provides a means of rapid identification of 
standard-frequency harmonics and harmonics 
of lhe frequency melcr itsel f wh ich may be 
used in the measuremcnt of an unknown fre­
quency. The instrument also is used in the 
measurement of high frequencies, as a "step­
ping stone," 10 puss from tbe freq uency range 
where direct bea ti ng of the unknow n against 
the frequency standard ma y be accom plished 
in to the higher frequency ranges where such 
direct beating is not feasible. 

In eit her the fundamentol or harmonic 
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ranges, the heterodyne frequency meter pro­
vides a means of !illear interpolation between 
standard frequencies for the measu rement of 
an unknown frequency. 

DESCRIPTI O N: The instrument contains a very 
stahle temperature-con trolled rad io-frequency 
osci llator with tube-controlled picHe vol tage 
supply. A detector and audio-frequency ampli­
fier are provided for listening for heterodyne 
beats between the frequency being measured 
and that of the oscill ator. 

The oscillator tuned circuit includes a heavy 
cast-frame, straight-line-frequency variable 
condenser with precision worm drive. Spring­
pressed ball bearings are used , which maintain 
the condenser adjustment, with practically no 
backlash, over long periods of time. 

The direct-readi ng finder dial is nearly 6 
inches in diameter and carries a separate scale 
for each of the si>.1.een ranges of the instrument. 
T he dial is drivcn through spring pressed gear­
ing clirl..'Ctiy from Lhe main condcnser shaft. 
Nearl y 360-degree rotation of Ule dial is 
utilized. Since the variation in frequency is 
very closely linear with dial rotation, each 
scale is essentiall y un iformly di vided and can 
be cosil y read. 
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FEATURES: Temperature control, a ruggedly 
constructed precision condenser, low-loss in­
ductances, and stabilized plate voltage make 
this instrument an accurate and stable fre­
quency meLer. 

The direct-reading finder dial is very useful 
for obtaining a quick approximation to the 
frequen cy measured, for presetti ng the instru­
ment to a desired frequency, or for identifying 
harmonics of the heterod yne frequency met.er 
wh ich may be used in making the measurement.. 

When the heterodyne frequency meter is 
used with a harmonic frequency standard , the 
finder dial mak es possible the rapid iden tifica­
tion of standard -frequency harmonics withou t 
reference to ca li bration charts . Direct inter-

FREQUENCY 

polatioll (see page 124) is, of course, always 
possible using the readings of the main sca1e. 
As a convenience, an auxiliary dial is provided 
which makes possi ble interpolation without the 
need of taking differences of dial readings, as 
must be done when the main scale is used. By 
means of a panel control the auxiliary di al ma y 
be set to zero at a known standard frequcncy; 
when t.hc heterodyne frequency meter is set 
to the unkuown frequen cy onc reading is 
obtained; when set 10 the next higher standard 
frequency a second reading is obt.ained. Thc 
ratio of these two readinh"S gives t.he fractional 
part. of the standard-frequency interval that 
the unknown frequency is above the lower 
standard frequency. 

SPECIFICATIONS 
Frequency Rang~: T he fundameu ta l frequency r~mgc is 
from 100 to 5000 I<e, oovered in 16 hflnds. T he ha rmonic 
outllUt ma)' be uti lized in suitable re<:(:ivtrs up to 30 
megacycles or more. 
Calibration: The direet-readiug finder dial provides a 
calibration at IIpproxima t.ely 700 poin t3 throuJhout the 
ranlle, o t frequeucy in t.ervllis vA rying frow 1 kc at the 
low frequeueies to 10 kc At the high fretlu ellc ies. Arljust­
ment is provided to oorrect the priucipal p{l ft of any 
error resultinll from long-lime dtift of the cn libration. 

Calibration Chart: A lis t of settiugs of the moin cOIIJefifu 
""Ie for 10 or morc freq uencies in each rnnge will be 
~uPlll ied if d l'S ired. This list is supplied 011 ordu ollly uml 
"charge for i t is ," ~de. (See I)r;';.: liat. ) 

Accur<lcy: Wheu used with" frequ cncy standard, m:eurac)' 
sunicien t for positive identi licatioll of s tandard · frequeney 
hannonies is nil that is requirL'<l. This i ~ provided by the 
direct_rending finder dial. T he cal ibrA tion chart data can 
be relied upou to 0. 1 %. 
Fr~qu~ncy St.bl lity: Tube s tabiliz.a tion or plote voltuge 
to the OIICi llator tube prevents frequency changes due to 
suppl y voltage changes from CJlceediug 0.5 part p.lr million 
fot plus or m inus 10 0/., change in supply line voltage. 

Output: Two ooupling 5y~ terus are provided. Onc. high­
impedance capRcity cuupling to the detector for li".cnin;; 
for bea ts in the he te rod)'ne freque ncy meter i lSelf. is pro­
vided wi th lerminnl~ on the front ]lllud. The ~eco nrJ i~ II 

'/'.vpc 

low-impedance shieldctl ouWut. 65 oh llls appro )(illul.tely, 
connected to te r",inals nt the rear for perm all,mt coblt 
connection in frequency-measuring n!!5C u)bliCll. 113rmonica 
of the oscillAtor ffC(luency 1U1IY easil}' be used up lu 
30 megACYcles o r tnO~. 

Power Supply: 105 to J2:; or 210 to 250 volts, at 50 to 60 
cyclC!!. Other volwges and frequencies 0 0 ' l!eCial order 01'11., 

Power Input: Apl,ro~irnatel y 20 walls, heAte ... ofT: 200 
walls, heAten on. Heate ... olJoerale approximately 20% 
of the lime at norlllul room lempe"lture~. TO\fl I av~tllge 
power il1l)ut 60 wntLs. 

Meters: Oscillator plnte current. 

Tubes: Su pplied with inSlrument: 
I- type 6J7-G I-type 6X5-G 
2-type 6J5-G I - t ype VI\. 10:;-30 

l- tYl!C oIAI 
Accessor;l!s Supplil!d: Spore pilot lamps, fu$C!i , fusible 
lillk~, a seven-foot line connector oord. 

Conbols: Tube SUI)llly ON-OFF 8 ..... itch : heater supply 
ON-O .. ·F swilch : Nlilge selector: freqUency con trol. 

M o untin g: Standard 19·inch reluy_rack mounting. Con be 
supplied io walnut or (lAk ca binet on special o rder. 

D imensions: Pnnel. (leng th ) 19 ~ (height) JoI inches: l!Chind 
panel. (length) 17 Y.( ~ (he igh t) 13 % ~ (del)tll ) II ~ inches. 

Net Weight: 69 pound.~. 

616-0 
·Calibllltion Ch_rt .. 

I H eterod vne Freque ncy Meter ... . . .... . . ··1 ~ ... r<on 
cn .. nT 

$575.00 
20.00 . .. 

· C .. li b .... tioo ... "pplie<! only whe" ordered. U ... compound code word ..... "O .. CHA .. '!'. 

I'ATE"'T NOTICE.. Sec Not"" I. H . pqC vi. 

OSCILL ATOR 

cow 
L-1I-~ ,,, HI GH 

LOW.MP. 
OUTPUT 

DETECTOR AMPt..IFIER 

B+ HIGH 
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TYPE 617-C INTERPOLA nON OSCILLATOR 
USES: The principal usc of the Typr:; 6 li ~C 
In terpolation Oscilla lo[' is, in connect ion with 
a frequency stand a rd , to measure tile difference 
between the Ullknown frequency and a stand­
ard harmonic. T he direcL-readiug linear scale of 
5000 divisions for . 5000 cycles makes possible 
the rapid evaluation of this dilfcrencc with a 
high accuracy. 

DESCRIPTION: The oscillator is of the beal­
frequency LHlC, wi th the radio-frequency osci l­
lators ol>craling' in the region of 43 to 118 kc. A 

vu, •• u 
f lxtO OSCILLnOIl 

vacuum-tube regulator is employed in the plate 
s[l rpl y of I he o~ci lJators and detector, by means 
of which changes in output frequency and 
ampli tude due to cl laoges in supply li ne volta.:,"e 
are made negligibl y smal l. 

T he variablc-rrequency osci llator is con­
trolled by a precision condenser. The induc tors 
are wound on ceramic rorms and lJll\'C low 
losses and a low tcrnpcrature coefficient of 
inductance. Each inductor is enclosed in a 
balsa-wood box wh ich reduces the effect. of 
changes in ambient. temperature. 

O(1tCTOfi 
~'x(R ose,unOR 

~ 
,""GLt CONrIO..I 

D~ ~ 
-'J 

__ fOLTtA 

1> \ 
~11r-t!2 .. -- ~ 

.o. .o. .- .-
'"~ 

t 
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The instrumen t contains an output meter au 
which t he beats between an unknown and the 
oscillator frequency may be observed. Tele­
phone connections arc also provided so that 
the beat may be observed visuall y, or aurally. 
or both. 

The direct-reading incremental dial makes 
it possible to evaluate vcry small frequency 
differences, of a fraction of a cycle to a fc\v 
c.)'cles. T his is particularly useful in measuri ng 
broadcasting stations. whose frequencies lie 
close to the lO-kc harmonics supplied by 
the Cuss C-21-HLD Primary Frequency 
Standard. 

Meaus are also provided so that the output 
me ter may be used as a beat meLer in match ing 
a given audio frequency to multip les of 1 kc 
(obtained from a frequency standard). For 
example , in adjusting piew-electric crystals to 

FREQUENCY 

integral multiples of 1 kc, the bea t me ter 
indicates the frequency difference between the 
crystal oscillator being adjusted and the fre­
quency standard. 

A mixer control is included for ad justing the 
relative amplitudes of two beating frequcncies 
in order to secure the maximum beat ampli tude. 
FEATURES: Stability of tho output frequency 
was one of the design rcquirements of this oscil­
lator. The use of low-temperature-cocfficien t 
materirus in the tuned circuits, heat insulation 
to reduce differen tial temperature effects , a 
cast-frame variable air condenser, and a 
voltage-s tabilized power su pply have made 
possible a high degree of stability. 

The linear scale, the beat indicator, and the 
various switchi ng and mixing controls make 
this oscillator a valuable and convcnicn t unit 
in a frcquency-measuring sys tem. 

SPECIFICATIONS 
Frequency R~ng¢: 0 to 5000 c)'c1es per seoond . 

Accuracy: The ins trument is aligned to agree with the 
lincar din;:(: t.-rcading scale within ±2 cycles. A corn;:ction 
dlArt is furnished g iving the dcviations at 100-cyclc in ter­
vab th roughout thc range. 

The oondenser is provided with a precision worm drive 
so tha t very precise frequenc)' sett ings can be made. Small 
residual errOrS arc easily and quickly removed in the region 
of any frequ ency in the range by fine adjustment of the 
zero by refcrence to a frequency standard having a l -ke o r 
100-o:ycle multi vibrator , or both. For evaluating vcry small 
frequency differences, a direct· reading frequency-increment 
dia l is provided. 

Output: T he output voltage is approximately 7 volts. across 
a 20,OOO-(lhm load . 

Power Supply: 105 to 125 or 210 t{) 250 volb, 50 to 60 
cycles. A change of transforltlcr cOll llectious provides for 
using 115 or 230-volt 8ervice. Other voltages or freq uencies 
on ~ pccial order ollly. 
Power Input: 20 watb. approximately. 
Controls: ON-OFF IIwitch: STANDARDIZE switch; 
AMPLlfIE H-INP UT switch; 1\I IXEH. control , which 
OperatCII a lso as oscilla tor output control; iucrctOeutal fre· 
quency con trol and zero set: osci llator frequency control. 

Type 

617-C I l ntelPol~tion Oscillator . 

PATENT NOTICE. See NOlet I. 17, poge vi. 

Meters: Outpu t voltmeter: used abo as a hcat.-i",liealor 
meter. 

Terminals: Tcrminals, both on panel and a t rear, nre pro­
vided for both mixer input and osci11 .... tor output. lIea r 
terminals a re provid~-d for illtroduei'lg I -ke s tandard fre­
quency 3nd ib harmonics when the bcnl-indie(llor i~ to be 
Ul:Icd for adjusting a frequency to cx"ct multiples of I kc. 

Tube5: Furnished with instrument: 
2-type 6J7·G It. F. Oscillators 
2-type 6J5-G Detector; Am plifier 
I- type 6X5-G Heetilier 
I - tY IXl VI\- 10:>-30 Vol t:lgC Hegulntor 

Accessories Supplied: 
Pilot LiKllt} 
Dial Light with S l)are~ 
Fusca 
Line A ttachment Cord 
I- M ul tillOint Connector 

Mounting: St:\!lCla rd 19· inch relny-rn(:k mounting. enn be 
supplied ill walnut or onk cnbinet On special order. 

Dimensions: P1Hld. (leng th) 19 x (height) l ·l illches; behiud 
panel, (length) 17 J.( )( (height) 13%)( (depth) 11 ~ iuches. 

Net Weisht: 58 pounds. 

Code Word Price 

.. . 1 5500.00 

REPLACEMENT THERMOSTATS AND THERMOMETERS 
Heplacement thermostats and thermometers can be supplied for all temperature-controlled 

instruments listed in this catalog. Type numbers and prices are given in the following table. 

Thumome(er Thermostal 

Ins/rument TemM ralun OMralin!J· 
1'ype No. Type No. l1ange Price T: .. pe No. 'J"empualuu Price 

475·C TH- 509 57"-63' C. 54.00 TH-503 60' C. 522.00 
675-P TH -509 57"-63" C. 4 .00 TH-503 60" C. 22.00 

691·C (Inner) TH-489 56"- 64" C. 4 .00 TH-503 60" C. 22.00 
691-C (Outer) TH-481 40"- 60" C. 4.00 TH -503 55" C. 22.00 

6 16-0 TH-181 40"- 60" C. 4 .00 TH-503 50· C. 22.00 
"AIo"'.YI'IK:<:if:y opera ti nG' temperature when ordering. 
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TYPE 699-A COMPARISON OSCILLOSCOPE 
USES: This instrument is intended for use with 
a CI..ASS C-21-H LD Primary Freq uency Stand. 
ard and interpolation equipment as an aid in 
making interpolations wit h high accuracy, in 
calibrnl ing the interpolation equipment in 
terms of the s landard , and in calibrating or 
measu ring the freque ncies of audio-frequency 
or low radio-frequency oscillators ext ernal to 
the frequency-measuring assembly. 

DESCRIPTION: The TYPE 699-A Comparison 
Oscilloscope con tains a 3-inch cathode-ray 
tube. with its power supp ly. Filters a rc supplied 
for smoothi ng the l OO-cycle and I-kilocycle 
outputs of the CLASS C-21-H Primary Fre­
quency Standard . so that sharply defined 
patterns may be ob tained. Circular sweep 
circuiLs are prov ided for both 100- and 1000-
cycle operation. 

Ten key-type switches are prov ided for 
,election of the type of pat.lem to be observed 
and the sources whose frequencies are to be 
comparcd. Over twenty different comparisons 
are easil y and quickl y carried out by simple 
settings of these switches. Wh ile a fulliistof al l 

the possible operations cannot be given here, it 
may he said that comparisons for calibration 
or mcasurements can be made between any 
pair of the following sources: external source, 
selective amplifier, intcrpolation oscillator, 
heterod yne detector, 100-cycle standard fre­
quency, and 1000-cycle standard frequency. 

FEATURES: Shielded cabling; all external con­
nections to the various sources are made through 
shielded cable, supplied as parlor the frcqueocy­
measuring equipment, page 128. 

Built-in power supply; brilliancy and focus­
ing _ adjustments for ca thode-ray tube. 

Key-type switches for seLLing up all required 
circui t arrangements. No temporary connec­
tions arc needed except those to an external 
source for measuremcnt. 

T he circu lar sweep circui ts for standard 
frequencies of 100 and 1000 cycles result in very 
simple and easil y in terpreted patterns, particu­
larly when the frequency being measu red or 
checked is a rather high multiple of the s land­
ard frequency. The usual Lissajous figures may 
also be obLaioed. 

SPECIFICATIONS 
Frequency Range, Useful paltCtn8 Ulay be obtuine<1 over 
the rongc from very low audio fre<:lucncies to radio fre­
quencies of the order of 50 kc, o r more. depelldcnt upOn 
the vo]h,ge aVAilAble from the lIOurce being calibrated or 
measured. 
Conlloli: ON-OFF ~witch; BnILLIA NCY ond FOCUS 
adjus tments for cathode-ray tuoo; ten ke)·- tYJ>e circuit 
telec ting . ... itches. 

Telminlls: All iotert-o,,"ec tioos to other uni ... o f the fre· 
q ueue), s ta ndard pnd mCMuriug equipmcnt ore made 
through protected multipoiut conncclOl"S tit rear of in_ 
,truwellt. Connectious lO an cxlcrnal source are made 
tbwugh panel tcrwillab on the fwnt of the ius lrumenl. 

Power Supply: 105 to 125 or 210 lO 250 vol .... SO t(l 60 

T"" 
699·A I. . . . . . . . . . . . . . . . . . . . . . . . . . 

PATENT NOTI CE. See No,", I. ~ce vi. 

c~·elcs. Othcr voltages or othe r frcqlle LiciCll on speciol order 
ouly. 

Power Input, 13 walb. OPI)roximatciy. 

Tubes Supplied: 
l - t}'l>C 906 th ree_inch Cathode_ll uy T ube 
I-type 2X2! 879 J\ce tifier 

Accessol;c$ Supplied : All V(lCUU'" tu bes, li t)ar\) I)i lot 
lamp!l and fusC$, se\·cn_foot line cooncct(lr cord, lind two 
lIIultipoint eonnectol"ll . 

Mounting: Sl..o ndard 19·inch relay ruck. 

Oimen5ions: Panel, (length) 19:t (hc ight) 7 inches; behind 
panel, (del)th) 16~ inches. 

Net Weight: 41 ~ pOund •. 

ec-f~ 11'0 ,.(/ 

. . . . . . . . . . . I OOlUloL $215 .00 

"Availahle ooly " 'ith compl~te r ...... "ency me8lLu<j, .. """"n,hly df!OlCritoed on "",ge ]~8. 
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TYPE 612-C COUPLING PANEL 

USES: This coupling panel is designed specif­
icall y for lise as a centralized control panel in a 
frequency-measuring equ ipment empl oying a 
prima ry frequency standard , as described on 
pages 127 and 128. The panel carries the neces­
sary swi tches and volume controls fo r trans­
ferring frequencies from one unit to another in 
the assembl y, and for mixing frequencies to 
obtain t.he beat-frequency difference ill the 
output of the heterodyne detector. 

DESCRIPTION: The instr ument includes fou r 
low-i mpedance sh ielded L-t)'PC attenuators, or 
volu me controls, for th e fou r rad io-frequcncy 
circui ts involved in measuring frequencies: (1) 
the unknown , or "X", frequency; (2) 50-kc har­
monics from the frequency standard ; (3) lO-kc 
harmonics from the frequency standard , and 
(4) the ou tput of the heterodyne frequency 
mete r. These controls, in gencral , arc operated 
to regulate the amplitudes of th e voltages, from 
two of IJle above sources, fed to the heterod yne 
detector. 

T he windings are Ayrton-Perry. When used 

with the shielded in terconnecting cables de­
signed for the measuring eq uipmen t, very satis­
factory freedom from cross-talk is obtained. 

Anti-capacity key-type ON-OFF switches 
arc provided with each volume control, so that 
the corresponding signals may be removcd 
from the detector with out the neccssity of 
turning the volume control back to zero. 

SPECIFICATIONS 
Tl! rminals: All oo""cctiou~ to the various i,,~~rumcnb OOm­
prising th!! mcasur ing equipulent u'!Cu with a primary fre_ 
quency stamlnrd (see tJ.1S"e 126) are 1II(.de through mulli ­
po int prote<: ted oonneelors mounted li t the rear of the 
instruUlcll t.. TdCI)honc "-'rnliu" l~ and j ack arc brought. out 
o n the pIlllcL 
Mountins: Stundar,j 19-incl, rela y-rack lIIounting. The 
instrument is fitted with dust r~"c r . 

Dimensions: Pallet (length) 19 x (he ight) 7 inches: behind 
pando (length) 17}{ x (height.) 6 ~" x (depth) l Z ~ inches . 
Nd Wl!isht: Z4 ~" pOunds. 

Type Cnde Word J)rict! 

612-C· I Coupling Panel. .. . l O<;:(:lJI1 I $ 190.00 

TYPE 612-K COUPLING PANEL 
USES: This coupling panel is a smaller and 
somewhat si mplified unit, for use with a second­
ary freq uency standard. All necessary switches 
and volume controls for complete and flexible 
operation of the units of the assembly arc 
prov ided. 

DESCRIPTION: The instrument includes fou r 
low-impedance, sh ielded attenuators, or volume 
controls, for the four radio-frequellcy circuits: 
(1) the unknown, or "X", freq uency; (2) 50-kc 
harmonic series from the secondary standard; 
(3) l O-kc harmonic series from the standard , 
and (4) the output of the heterodyne frequency 
meter. Provision is made on tbe coupling panel 
for the addition of a TYPE 617-C Tnlerpoiulion 
Oscillator , with switch ing prov ided hoth for 
checking of the oscillator against a standard 

] -kc source and for match ing the beat-frequency 
d ifference appearing in the heterodyne det-eclor 
output. 

SPECIFICATIONS 
Terminals: All oonllcc tious to the Var ious inslnl1nell til com­
prisiug the seooudary s t..1ndard and measuring equipment 
(sec I'uge 13Z) arc made through muLtil)Oint protected 
connectors mounted at the rear or the i" ~tr u,,,ent. T ele­
phone termina ls and j ack arc prov ided on the pun~1. 

Mounting: Standnrd 19-inch relay-rack mounting. The 
ins trument is supplied with a d us t covc r. 
Diml!nsion ~: Panel. (lel1l':\.h) 19 x (he ight) 3 31 inchea ; 
I.>chind panel. (length) 17 X x (heigh t) 3 X x (depth) Hi 

Net Wl!ight: 8M" pounds. 

612-K t I Coupling P, ne l . .1 Offen I $125.00 

t A vai tahl" uuly wilh con,,,l,,,,, .... ~mhly dtoKlriheo:l On r"'lP' 132. 
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TYPE 619-E HETERODYNE DETECTOR 

USES: This heterodyne detector is designed 
primarily for use wilh a frequency standard and 
frequency-measuring equ ipment. rOl' ob taining 
the beat-frequency di ffe rence between s tandard 
and unkliowll frequencies. I t can also be used 
as a detector in conjunction with a radio­
frequency bridge. 
DESCRIPTION: The instrument contains a 
regenerative detector alld two stages of audio­
frequency amplificalion. A regenera tion con­
t.rol is provided so 111at the detector may be 
operated either oscilla ting or lIol1..-oscillaling, as 
the conditions of usc require. 

Plug-in coils are used. and a complete set is 

supplied with t he instrument. A rclay-ruck-size 
drawer (TYJ> I~ 619-Pl ) for hold ing the coils is 
also supplied. 

FEATU RES: Some of Lhe features of this jus tru­
ment are high sensiti vity, wide freq uency range, 
and low-impedance radio-frequency input. 

The tuned circuit. for the regenerative detec­
lor is provided with an auxiliary fine-tuning 
conclenser. The detector pla te voltage is 
stabilized , wh ich con tribu tes Lo the frequency 
stability. n cgcneraLioll is conLrolled byadjust­
ing the sefCC.ll voltage, a noise filte r giving 
smooth and quiet. conLrol. 

SPECIFICA liONS 
Frequency Range: A frC<.lucnc)· rtlrljW of 25 kc 10 25 .\l e is 
covl'rC(1 by Ihe 21 <.;oi ls l!- lIpjlli rd with lhe iO$t rulllcnt. Two 
tuning cond..,nsc~. on the smne shufl, nre u.sed. The con­
dcnscr in ,,~c is " utomatiCll lly selecled by the co il plugged 
into the circuit, for the Jow~ ,[[](I high-frCCluency rllnges. 
R-F Input Impedance: 65 oh ms, o llllro~illlo tdy. 

C.libr.tion: A frequency cnlihrnlion is ~upplied . While th is 
ealibrl\tiOIl is OCCllrotd~' dclermilll'tl, il i~ not guonurtcC«. 
liS the instrument is nul intended for use a8 a ca librated­
frequenc)' measuring de\' ice. The cnlihrntion is useful in 
making ul'I)I'().~imnte settings, ideutif)';ng standard· 
frcqucnc)' harmonics. etc. 
Power Supply: 105 to 125 or :!l0 10 250 volt.li. 50 1060 
cyek-.. T rllnsforlller collne<:tious chungcd for t 15- or 2l0-
volt $\111111)' . Other fr(.'flUenciC$ or vollages un ~ llCcio l order 
oli ly. T he lHJwcr inl)\lt i ~ :!.i wllll$. lI il l'roxirnutdy. 
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Tubes: SUllplied wilh irl$ trulllent: 
1- 1)'1>1: 6Ji-G Oele<:lor 
2- tn)O) 6.l5-G Arnpl ifien< 
I - I), ])£) 6X!}-G l1 ectiti ~r 
l- tYlle v n-IO:'-30 VollugC I\ Cll" uh.l or 

Acunories Supplied: 
Pilot Lill"ht} . I 
FullCS wII I slmrc.s 

i - Line AlladulIcnl Cord 
i - l\ l ullipOinl Conlle<:lor 

21- ])lug·in Coil." 
i-TvPE619-PI Coil Oruwer 
3-Culibralion Chnrt.! 

Contlols: ON~OFF "wilch; COOrllC und fille t llll ing; regcn­
erlltion. 

Schcmat ic circuit diogrnlll of the T Y PE 

619-1'.: Heterodyne Detec tor. Power 
suppl}' is notshown. The rndio· fTC<luellcy 
iuput is oonneelC(1 by low-impedance 
Cl.l l>le to the tcrminal~ at lhe left. The 
luning condenser is in two sectiOTlS-(lDe 
being used for low frC(llIcncica nnd tire 
olher for l,igh. The correct condenser ill 
aulomatically IIf"lcctC(i when the coil i~ 

plugged in, 
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Terminals: Shielded, low-illlpcdullce rad iu· rrc(luency input 
conne<:tions arc I)rovided ill reM. T elephone co"'H'clion~ 
are provided a t rear and on panel. 
Mounling: Swndord 19-iuch rday rack. Can be supplied 
in walnut or (){lit cabinet on special oroer. 

Ty". /)eseription 

FREIjlUENCY 

Dimensions: Panel. (length) 19 x (height) 8U' inches; 
behind Inm e!. (leng th) 17 ~ x (height) 8 )1 x (depth) 11M 
inches. TnI': 619·PI : Pand, (leng th) 19 x (height) 5J.( 
inches: behind panel. (length) 17 K x (heiglot) 5 x (depth) 
13 J.i inches. 
Net Weight: TVPF.8 619-E a nd 6 19-PI . 65 }i pound,. 

C«le \Yord Priu 

619-E Heterodyne Detector , . . . . . . . . . . . . I S36O.00 
PAT~:NT NOTICE. $e() Note. 1.17. pPle vi, 

TYPE 614-( SELECTIVE AMPLIFIER 

--.... --i"::' '. ,. ~ . T • 
T- - • io'" . 

- - -~ m $', 
ii ~ '" - • (']i' -i?) 

~: . -

USES: This amplifier is used for selecti ng in­
di vidual harmon ies from the 1 kc output of a 
frequency standard. Mult.iples of 1 kc between 
I and 10 may be chosen, with good suppression 
of the fundament.aI and adjacent. harmonics. 
The selected out.put frequency is usefu l for 
many audio-frequency measurements, particu­
larly in making frequency comparisons by 

-

means of a cathode-ra y tube. 

DESCRIPTION: The ins trumen t contains a 
hannonic-gcncrating amplifier stage, a re­
generative selective stage, and an output 
stage. The selective stage may be tuned to any 
one of t.he first. 10 mul t.iples of 1 kc by means 
of a single switch. 

SPECIFICA liONS 
Frequency Ranse: I to 10 ko.: in ste ll~ of I kc. 
Calibr. tion: Amplifict is adjusted for mnximum rCS IIOIISCl 
"t each of the 10 r~queuci es a t the fa ctory. Trimming 
IIdjustmcnt. are pro,·idOO. which may be used in nlaliguing 
the tuned circui t.. if nec~q· . 

Tubes: Supplied wilh in~t rUl,I]cnt: 
3- t)'l'1C 6J5-G Amplifiers 
I- type 6X5-G Rectifier 

Accessories Supp lied: Onc 5c\'cn-foot line councelor oor<l , 
~ I)ure fu ses "nd pilot lump:! , ""d (l multi]JOi nt e""II€ctor 

614·C · I Selective AmpIiRer ., .. ,. 
I'ATENT NOTICE. See Note t .IN.'" vi. 

Schellinlie ci rcuit di(lgr:U1l of the Tn'~ 
614·C Scleeti " e Ampl ifier. Power OIuppl )' 
i8 no t sho"·n. A vvltll!!"t from (l l .ke 
sourcc ;3 applied to the termil\al~ al the 
lef t. HarmoniCil nrc genera tcd in the fi rst 
aWI.l ifier. selected in the IICcund . regener" . 
tive, amplifier. and the IIClecled hnrn.onic 
is ::amplified by the output al1ll)li fi"r. 

· '\vnilnbl .. onl y w;lt, co'"r>icle _ ,ubly de­
IICcih" d 011 1"41" 1::0. 

arc supplied . 
PowetSupply: 105 to 125 or :no to 250 "olts, 50 to 60 
cycle •. 
Power Input: 25 wnlts, nppro" imal..el)·. 
Mounting: StUDdard 19·illeh rcl,,)' rack. 

Dimensions: Pand. (leng th) 19 x (height) 8~{ ind.~: 
btlhi'ld panel. (length) 17M" " (height ) 6~ " (del)th) 
II U inches. 

Net Weight, 40 pounds. 

(;(I(/t Word Price 

O,CKY $275.00 
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TYPE 620-A HETERODYNE FREOUENCY METER AND CALIBRATOR 
USES: Although designed primaril y for mcasur· 
jog high and ultra-high frequencies, this instru­
ment ca n also be used to measure frequencies 
down to a few hundred kil ocycles. provided the 
signal being measured is sufficiently strong. 
As a general-purpose instrument in the com­
munication laboratory, it. is invaluable. For 
communication companies it provides an excel­
lent. means of rapidly measuring the frequencies 
of a large number of transmitters (either local 
or remote) in add it ion to its use in calibrat.ing 
and servicing receiving equipment. Heceivcr 
manufacturers will find it useful in checking 
tile ranges of receivers and oscillators. It is suit­
able for mon itoring t he frequencies of radio 
t ransmi t ters where the allowable frequency 
tolerance is 0.02% or greater. . 

DESCRIPTION: T he scbematic diagram shows 
the essential elements of the instrum ent: (I ) 
a heterodyne frequency meter , (2) a crystal 
cal ibrator, and (3) a detec tor and audio 
amplifier. 

The heterodyne frequency meter is direct 
rr.ading, which is an important operating con­
ven ience, particularly when usillg harmonics. 
The fundamental frequency I'a nge is 10 to 20 
Me. This range is divided in to 10 steps of 1 Me 
each, and th e desired step is selected by means 
of a coi l switch. The main tuning condenser 
covers a range of I l\'lc for each coi l, the mal 
bei ng engraved to read hundredths of mega­
cycles directly. An auxi liary dial, which drives 
the main dial through a reduction gear train, 
carries a scale that subdivides the main scale 
divisions, the smallest division being 0.001 Me 
or 1 kc. The frequency of the heterodyne fre­
quency metel' is given by the sum of the coil 

142 

switch and condenser dial read ings, su bject to 
any scale correction as determ ined by the 
crystal calibrating points. 

For checking the calibration of the het.erodyne 
frequency meter, a piezo-electric calibrator, 
employing a one-megacycle low-tem perature­
coefficient quartz plate , is provided. Several 
poin ts 0 11 each coil range of the heterodyne 
frequency meter may be checkcd. 

The procedure in making measurements is 
simple. When the unknown freq uency is within 
the fundamental range of the he terod yne, tbe 
heterodyne frequency is set to zero beat with 
the unknown, and the frequency is read directly 
from the dial. When the lmknown is above or 
below the he terodyne fundamen tal range, the 
dial reading must be multiplied or divided by 
the harmoni c number. 

The fundamental frequency range being ]0 
to 20 Me, measurements of high and ult ra-high 
frequencies a re easily made. Because of the 
direct·rcad ing feature and the widespread fre­
quency scale, noconfusioll as to harmonics is en­
countered in measuring ultra-high frequencies. 

FEATURES: The TYPE 620-A Heterodyne 
Frequency Meter and Calibrator is designed 
for the grea test flexibility and for simplicity 
of operation. It covers a wide ra nge of fre· 
quencies and is capable of a high accuracy of 
measurement. 

The direct-reading frequency scale makes 
rapid measurements possible. The oscillator 
has been designed and constructed to give a 
high degree of frequency stability. The variable 
ai r condenser has ball bearings to insure smooth 
opcration without. backlash. The inductors are 
wound 011 isolantitc forms to keep the Jos.<;es 
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and the temperature coeffi cient. of inductance 
as low as possible. 

The same model can be used on either bal..­
leries or the builL-in 3.-C power supply; this is 
a considerable convenience when the same in­
strument is to be used bolh in t he laboratory 
and in the field. 

SPECIFICA liONS 
Frequency Range: T he fundamental f.-.:qucilcy range i~ 
frow 10 tv 20 megacycles, in 10 ranges of 1 1\ lc each. B)' 
harmonic methods frC' lucuciea between :'\00 I.e and 300 M e 
arc e,,~ily llu:a~ureJ. 

Fnoqucncies up to nbout :100 ,\ Ie c~n he Illc,,~ured uy 
.selling a harmonic of the hcUJrod~nc frequency 'nelllr to 
zeT() beat with the unknown. In general. Lhe OO(lt is o b­
wined in the detector , bu t for the vcry highest freq uencies 
i t is advisahlc to use ,,0 au xili ar~' receiver. For frequencies 
below 10 1\ lc and down to abou t 300 ke. harmonics of 
adequate strength for measurement can be generated in 
t he detector tube prov ided a ~ufficiently strong signal 
is applk-d to the instrument. For weak ~ ignals . u local 
Ol3eilla to r M a h(J.rmonic-generutiug means is ncccs.~ary . 

Calibration: The coodenser ditl ls are grad u(lted to reud 
decimal fmctious of megacycles d irectly, the s llUlllest di. 
visioo corresponding lo 0.001 M e (1000 eyck",). 
Calibrator: A I -Me piew-cleetrie oscillator. employing 
II low-temperature coefficien t quartz I)late. is providcJ 
for cheekiug the calihra tion of the freqoene)' meter. HtlT­
n,onies of I Me fall at the opper ,,-nd lower limits of the 
dial. gi" ing a bracketing ch",ck On each coi! r(lIlge of the 
hcterod)' lIe frequency meter. Harmonies of the heterodyne 
aiw produce beal.$ wi th harmonics of the calibrator , giviog 
checking l)(lints tit multipl~ of Y:.;. ~. X. und U Me,etc .. 
over the dia l range. Since these poin ts occur a t the same 
dia l readings for euch range. checking is m"de very ~im ple 

a"d convenient. 
Aeeuraey: Tht: oyer-all [leeUTaey of Ule"~Ure!llent is 0.01 % 
(or be tter wll",,, th", freq uency Uleter is checked in tcrms of 
t he crystal calibra to r li nd the resulting correction HJ)pl i",d 
10 the dial reading. 
Vacuum Tubes: T hCl following tubes ore used lUlU ure 
;!UI11)lied with the inSlw1JIeul: 

1-95-\ -lyp.., 1- 84-type 
3--955-lyp(: 

Power Supply: Ei ther 105 to 125 or 2 10 lo 2!>0 ,·oll<! . 50 
to 60 e)·des. or 6 and ISO "oIL~ dc. A switch ou the panel 
"elects the t)·pe of pow..,r supply uesired. T he a-Cl opera ted 
p.ower sUlmly is buil t ; 11 . lIultcries UN) not suppl ied witl , 
eithcr the relay-rack or por tublc model. 

620-AR 
620-AM 

PAT ENT NOTIC E. Sec NOW8 I. 12. p3J1:e ,·i. 

OSCILLATOR 

/)e.fcriplion 

CRYSTAL 
CALIBRATOR 

FRECj>UENCY 

Closeoll view of the tuni ng dia l, showing dclflil~ of 
the sc~ le . 

Power Input: 15 wa t l!;; from 115-yolt. 60-cyele supply. 

Mounting: T he instruUlent is sUPlllicd eiLher for relay- rack 
1l10llllting (TY!'E 620-:\1\ ) or in U pOr table aluminom 
eubine! ( r y!'¥. 620-AM). 

Acce550ries Supplied: One-megacycle (lonrll. 1,lale. seven­
foot line OOl1l".:elor oord, spure pi lot I""'II'! and fu~. 
Wilh the relay-rack IIlodel (TH'" 620-A I\ ) two mulli_ 
l)Oi'l t conneclOr!! tire furnis hed. while a ballery plug a",1 
cubic and a mullipoint ~ ... "n~'Ctor are furnished with the 
porlable model (TYI,t: 620-AI\1 ) . 

Accenories Required: H"'fld tdephones, which efln he con­
nected ei ther fi t the pand or at the rear of the instrument. 

Dimensions: Typ!:: 620-A H. p""el. (Ienglh) 19 x (height) 
8% iudlcs; behind puucl. (length) liM x (height) 8H x 
(depth) tl * iuehes; Tn'~: 620-A1\I.20 J4 x I '~ }i x 10 inches. 
over-all. 

Net Weight: '1' 1'1'1:: 6~O-AH, 32U l)(lu", I ~; Ty,'~; 620-,\i\I. 
,Ii % I)()unds. 

C(l(/e Word Pr ice 

" ,us>, $490.00 
IlISCO ;>;T' ;>;U . :n 

DETECTOR AMPLIFIER 
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FREQUENCY GENERAL 

TYPE 720-A HETERODYNE FREQUENCY METER 

USES; The TYPE 720-A I letcrod Yllc Frequency 
l\ lctcr is used for t he measurement of fre­
quency in the \'.h-f and u-h.f bands. rt. extends 
the field of the famili ar heterod yne method of 
measu remen t to a freqllcncr of :-WOO Nl c. 

DESCRIPTION: The pl'incipal elements of the 
iuslrUlllcnL arc a calibra ted oscillator, a crystal 
detector and an audio amplifier. The frequency­
dCl.ermining element of the oscillator is a 
butterfly circuit in wh ich the capacitance 
amJ the inductance are varied simul taneously. 
The movable pa rl of the circui t rotaLes in ball 
bearings. No sliding contacts a rc used, and no 
current is carried by the bearings. This permits 
a smooth and stable adjustmcllt of frequency. 
The oscillator frequency is adjustable between 
100 tlnd 200 Mc. Harlllonics of t he oscillator 
al'e used to measu rc frcqueneies above 200 Me, 
and harlllonics of the unknowil tln~ used at. fre· 
quencics Uclow 100 Me. 

Thc detector is an iron-pyri tcs crystal, so 
moun ted t hat it is easil y accessi ble for replace­
ment. A spare is rurnished. 

The three-stagc audio amplifie r has an ef­
fec ti ve band width of 50 kc. The output of the 
amplifier operates a panel meter and a built-in 
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loud speaker. A j ack i.<s provided as well for 
head telephones. 

The ent ire assembly is baltery-operated, 
completely sel f-contained , and mounted in a 
portable. fabric-covered cabinet Complete op­
erati ng insLr\ucLions are mounted ill the co\'er 
of thc ca bineL. 

The sensiti vity of the instrument is high, and 
no direct connection to the ~lIree under meas­
urement is required. The pickup obta ined by 
the adjustable antenna mounted 0 11 the panel 
is usuall y adequate, but provision is made for 
connecting an additional pickup wi re, if nec­
essa ry, 

FEATURES: The sensi ti vi ty obtainable with 
thc heterodyne method of measurement per­
mils thi s instrument. Lo be used on comp,u'u­
t ively weak signals, and permits a wide rang-e 
of frequencies to be measured with a single 
fund amental frequency band. 'llle design of 
the tuned eircu it avpids most or t he (lilTicullies 
inherent in variable-frequency elements at 
ultra-high frequencies and makes possible 
stable und repeatable rrequency settings, 

The small size and portabili ty or Lhe in­
strumen t is a considerable convenience. 



 

RAD I O CO . FREQUENCY 

SPECIFICATIONS 

Frequency Ranse: The fuudamcutul fn::qucncy range is 
from 100 to 200 megacycles. T his range is covered in u 
s inl;lu band wilh approximately logArithmic frequcncy dis­
trilml,ion. By harmonic methods ( r\l<lllcncics I.oct ,,'een 10 
mcgacydea and 3000 megacycles em. be measured. Since 
harmonics of the internal oscillator are considerably 
stronger than harmonics of the unknown ~'S generated in 
t he detector. the sensi,;,-,t)" of the i'Ultrumcnl for fre­
qncncico; below t he ,ange of the osci llator f\llldamcntal is 
conJ;i<icraloly lc:is t h,lI\ lhut at r~(J uencics C<IUl'\ w or ali.,w.., 
the oscillator fundamental. 

The unknown freq uencies a re measu red by se t.ting t he 
frCquency meter to a point where a beat .wle is prod uced 
wilh tile unknown frequen cy_ 

Beat Indica tion: A s trong beal no te will be hcard in the 
smail dynamic speaker in the f-ront panel. For weaker sig­
uals a pair of h...,adphon l)S shou ld he used. In addi tion to the 
audible beal, a visual iudication is ohlnined by the deflec­
t ion of the ll~nel meter. Since the baml wid th of the de­
tector circuit is 50 kilocydes, the p.'l.nel meter wi ll deflect 
even when the frequ ency ",...,asufC.! is uTls lnble nil.! docs 
1I0t produce a steady audi ble bea t nulc. 

Cali bra tio n: T he main dial is cali hmted in frequ c"",,)", ...,acll 
d i v i~ intl corresl>oudiug lO one megacycle. 

T he vernier el ial i~ geared to the t uning uni t to make one­
half turn of the elia l cor respond to I % change i II freq uency 
over the major ptlrt. of the tuning rauge. The vernie r dial 
C(lrri(lS 200 uniform div is ions. 

Accur~cy : T he overall accuracy of measurement is 0.1 %. 

Temperature and H umidity Effects: Over Ihe range of room 
oondition!:l normall y encouutcrcd lcm f)ernlure ami hu­
midity du no t affect the accuracy of t.he iustrurnClll. 

Vacuum Tubes: The following luhcs a r<J user! and are sup­
pl ied wilh th<J instru ment : 

I-t)·f)c I N5-GT (R CA or equivalent) 
I-type ID8-GT (HeA or <Jf]uivalent) 
I- type 958 

Battery: A s ingle-block Burge'JII TYr~: 6T ,\60 Bauer)' is 
ulled and is sUI)JIlk-d with tlHl ins tru ment. The I)()"'er re­
quired is approximately 90 vollg. 6 11m . 'lIId l. .l voits, 
250 rua. 

View or t.Il e hut.terlly-t)·IHl tUlled c ircuit used in 
lhe TV I' ~ i 20-A J1 clerod~·nc l'ref! uen"" r 1\ letcr. 

Case: T he T n I': nO-A I1 elerodYlle Frequency i\-i eler is 
mounted in a shicided c"rr )·iUl; case of durable airplane 
lugg"l:!c ~"Qns(.fuction. COIllI>Ict.c operal i" l:! inst ruct ions Ilf<J 
attached 10 the oo,>,,,r, and a oollll)le le " 'i ri ng di"gram. with 
circuit 001181;) " IS, is attached 1.0 the i n~ide of the ca binc t. 

Spare Paris: Due TI"I'1: Z2D EC_1 DeU-ctor is sUI.plied U~ 
~pare in aild ition to the one in the instrument. 

Accessories Required : lIelldphoncs wh icl, cun be plugged 
in on the front p(lnel , and which can be Slored in the covcr 
of the instrument. 

Dimensions: Overall. 12M x 13M x 10}1 (dcpth) inches. 
1',mc1, IOU x I IN inches. 

N et Weight: 2H;( IlOunds . wilh haltery. 

ewe Word 

720-A H eterod yne Frequen cy M etu 250.00 

INPUT r---- AIIOIO AMPLIFlCIl',-______ ---, 

P}fONES 
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FRE9UENCY GENERA L 

TYPE 815 PRECISION FORK 

USES: TYPE 815 Precision Fork is designed for 
such uses as Liming in geophysical explorat.ion, 
rating clocks and watches, synchroni7.i ng fac­
simile transmission, and low-frequency sland­
ard ization. It is also an excellen t source for 
accura tely liming stroboscopic flashes. 

DESCRIPTION: The fork is made of low­
temperature-coefficient stainless steel. It is 
mOllllted at the heel on a metal panel which is 
attached to the main base by means of rubber 
shock absorbers to reduce energy dissipation 
through the moun ting. 

One microphone button is mounted on each 
tinc ncar the heel of the fork , where the ampli­
tude of \Tibration is low. This minimizes the 
damping action which the presence of, the 
microphones exerts on the fork . At. t.he end of 
each tine, adjusting screws arc provided. By 
means of these, the loading on t.he t.ines is 
equali zed. This factor, too, is important in 
reducing the dccrement. 

Separate microphone bu ttons are used for 
Ihe driving and output circuits. No oULput 
Hl ter or transformer is included, since different 
uses may require different circuit arrangements. 

The freq uency stabi lity is considerably 
improved by the use of the condenser, C, 
shown in the diagram below. This condenser 
is supplied wilh the fork. 

FEATURES: TYI'E 815 Precision Fork com· 
hines high accuracy and sLability with sim· 
plicity of construction and operation. 'Because 
of its small size and low·power req uirements 
the fork is easily portable. 

SPECIFICA nONS 

Frequency: Three $tock "'OI.ld~. o locrnti"" lit :>0. 60. ami 
100 cyelC1l. n'lIpecLivciy. nr", lt vailubl",. 

C.Ubr.tion : Thc rork will 00 exac tly on fr(',p'CnC)' :at :;OlllC 
kUlpcrnture oot"'ecn 70 and 110 degrt'ee I"ullrenhci t. Tl ,e 
mellsu red vulue, witll II driving voltage or" vult". lIla oStnL~d 
teftl l)C rature belween 70 and 110 dcg r~ .... 'lI Fohrcull",;l i. 
given on the ca libration ccrliflcute to =.001 %. 
Temperltuu: Coefficient: The teJU locruture cot:n;';i en L of 
(requenc), i~ uhout .001 % pcr uCl;r(!e F"hrl'Tlh.;it ""d ; ~ 
negative. The aelua l mca~urcd vll l" e i, I;iven on the <:'11i­
bralioo cer t ifica te, 

Volte,e CoeFficitnl; The vol t:l~ codlieient of r""'lu,·"e)' 
il "oout .00:>% per vol t ami is ; iveo fvr encl, fork on Ihe 
ca librntion certifica te. 

W.velorm; H:ormonics lire about 30% o f lhe ou tput "Olt"IN 
at aIlIODd •. 

Output: It i~ recomrllcndcd II",L II '1'\'1''': I:IL, · PI T nlmJ­
rormer be u-,~I belll'ccil the OUiI)1,I 1 ein;l,Ii t [lml the II, [ld, 
The internal u" tp" t. imp,~I"" c<J i ~ nhollt .;0 n l"u-'S. ;",d tIle 
JlHuilll"III output (thou!. t;; ",illiw"tl~ ",11(;" ;, 6-vol t hal­
tery i~ 1J$l.-Q in the oll t"lI l c ircuil . 

Power Supply: A 4-volt baiter)' is re~:'Ommended liS the 
driv in l; 80"~ and 0 -, 10 6-vo lt b" ltcr)' in the outl'lIt 

TYM Fnquene,v 

81S.A ;;0 eycit:ll 
815-8 60 cyelet 
81S-C 100 eyclCtl 
81S-Pl Tra M/ormer 
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circ uit, The biJtlery can be 00"" "011 to bOlh circuits . 
Dri~i" t: correll I i~ le.r.s than 50 milli""'I)CI'ClI, 

Accc5loricsSupplied: A ".,hasing·· oonden$Cr wilh 1)IIIs-in 
leads 

M ounlin,: The fork ; '$Sembl ~' ;8 mounTed 011 a metal 1r.1!1e, 

Dimen1ion1: 1:\ x (, x:\ inc hCli. over-nil. 

Wei,ht: IO~ pou"d~ . 

<.j~, 

~ 

L_ -lJ' /' 
, 
'-

..Q~ 

L 
,,~- ~ - 1---

0 -
Cireui, d ill"rn m of Typ~: 815 l' ]'('cision Fork. 

Code Word Priu 

fAU:>:A 5165 .00 
fATA ' _ 175.00 
,v.I.('~ 115.00 
TA"I> V 6 .00 
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USES: T he TYPE g i l) Vacuu m-T ube Precision 
Fork is a pri ma ry standard of freq uency. It can 
be used for the same purposes as T" PE 8]5 
Precision Fork (page (46), but its higher pre­
cision and. stability make it adapta ble to 
cOllsiderab ly more accurate measurements and. 
in addition, to t imekeeping and chronographi c 
measurements. 

DESCRIPTION: T he complete instrument con­
sists of a tuning fork similar to that used in 
TYPE 815 Precision Fork, a temperature 
cOll trol system, a vacuum-Lube am pl ifie r, and 
a synchronous motor clock. The fork is made 
of low- temperaLu re-cocfficicll l stain less sLeel. I t 
is mounted at the heel on a metal panel, which 
is attached to the base of the temperature­
control box by means of four verlical helical 
springs to reduce energy dissipaLion through 
the mounting. The fork is driven electro­
magneticall y, and the drive and pickup coils 
are symmetrical ly placed with respect to the 
tines in order to keep the decrement low and 
give a Q of the order of 20,000 . 

A two-s tage ampl ifier couples the picku p and 

FREQUENCY 

, 

TYPE 816 
, 

VACUUM-TUBE 

~ PRECISION FORK 
~ , 

the dri\ring coils. An 8-\' -C circuit is included , 
and a fourth vacuum tube supplies output 
power at t he fork frequency. The general circui t 
is shown in the accompanying schematic 
diagra m. 

T he temperature-controlled chamber in 
which the fork is mounted is a metal box 
enclosed in a ba lsa-wood case. Hea ters fi re 
provi ded for 11S-volt, d-c OL' a-c operation. 

The synchronous clock is designed to register 
correct time when the fork is exactl y on its 
rated frequenc y. Comparison of the readings 
of this clock with standard time signals as 
t ransmitted by radio provides a means of 
checki ng the freq uency of the fork over 24-hour 
periods of continuous operation. 

FEATURES: High accuracy and a high degree 
of frequency stability arc important character­
istics of this fork. Beca llse provision is made for 
using eithcr of two t.ypes of power suppl y, the 
fork can be opera led under a wide variety of 
conditiOlls, in t he lield as well as ill the labora­
tory. 

SPECIFICATIONS 
Frequency: 50 eyelet l'er>lCC()nd o r 60 CyclCli per 111:00111.1. 

Calibla tio n: The frt.'{lue llc), is IIdjus ted w, l hin 0.0005% 
of ils ruled vlllue IIud i ~ measured to 0 .0001 % in Ollt 
staudartJi 'ti ng luboru to r)' , 

s.::rf''''~ ore I)rovided in the ends of the ti n"" o f II <e fork 
for IIdju~ ljng the freiIUetl C~' . T hese are " ct. ... ""ib l/) fro ", I,hc 
ou ls ,"" of Ihe ternllCrulure-oonlrol box. i\ l i"ute chnngell 
are ("::('(\lllpli~hed by ,,(lju~linll' the a-v·c circuit while in 
operation. 

St.t bility: When Ihe lemperalufc--(:()ntrul s~'''l e Ul is 0 1)01,,.,,10'''. 
the fr(" luellC)' is .. ·ithin one p"rl in 100,000 (0 .00 1%) of il" 

(RigltO Plot of II 10-dlly frequency re..'Otrl of T ,·ry. 
816 V(lcuu lll.Tube P recision Fork. The full line 
shows the o blterved frequency, the dotted line Ihe 
frequency nfle r the barometer corrcct ion Wflll Olll,lie". 

mcan value. thull liUling to bel ler than one kcvnd pe r tlo >'. 
Wi t hout. tCmP4:: mtUrC control. the frCllucnG)' will follo w 
<with n L'onsideruble lag) >'urial ions in (I",hien t te"'per;,. 
!\If<', '\ I O,.<li,H,r, rOOm lemp·erat.lres. Ihe l" It>l'erulllrc 
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FREQUENCY 

eoeflicicnt of frequenc), is negative and i, -2:! p.~rlll in IOi 
(0.0022 %) per degree CCllligradc. Frl"(tuCllCY d,n llgcs with 
supply voltage and Oltnosphcric prCll$ure lire usua lly 
negligible -in oomparillOli 10 the ruled occurllCy of the fork. 

Power S upply: T he om illifler ci rcuit fInd the healers fur 
tcmper:Hure coutrol a rc a rranged 10 opera te on either o f 
~ ... o types of power su pply. seleetioll being made by plug 
and jack t.:o.rmiollis; 

(1) (I·e line, 100 to 1:10 volts, 50 to 60 cycles. 
(2) doc line. 100 to 130 volts. 

Power Input: For wmperlllurCl contro l. 30 wn l ts; fOr fod; 
and amplifier, 45 wottll. 

O utput: Peaked or "nu!'oOidal. as selected by n switch. 
When the lIynchronous clock ill opcruted. muximum output 
i, I watt. When clock is 001 used . m(lxirnum output i! 
2 wallll. Oulput drcuit is not grounded ond i8 fn.oc from 
rtll y d~ 1)Olari:!;otion. Various output iUlp.cdonces l>etwcen 
200 and 30.000 ohm. are pro'·ided . 

Maximum peaked op.cn~ircuit output voltage is 350 
vol"', 

Tubes: Supplied with ins trument: 
2- type 6J7·G l- tY IIe 6Q7-G 
I - type 25 L6GT I- type 25Z6 

816· A 
816·B 

I - type 139·9·19-'\ 

I Vacuum-Tu be P'eds;on FOlk I 
Vacuum.T ube P' ed s;on Fo rk 

GENERA L 

~[rfl~~r,ltll:" 
WI I I " 

Schematic circuit diAgrom of the fork uUlplilier nnd 
outputcircui~. L L lind I.! nrc the l)ickul) uml driving 

ooil~ . 

ACCIL!SlOlies Supplied: Spare fijSCS. 2 multipoin t con­
nectors. one line connec tor cord . 
M o unt ing: The en tire 8SlLem bly is muunted Oil 1) ~landord 
19·inch relay· rack panel. which CA n be ad (L plt:d for table 
mounling hy lhe usc of the woodell end from el sUlmlied. 
The instrument is reodily l)Or tohlc iLL U IL o pcraLing con· 
dition if kept in upproxiruutei)" its operating l)O$ilioll. 
Dimensions: P OLle l. 19 x 1 Z H inches: depth. 12 }i inches. 

Net W eight: 49~ pOunds. 

50 cps 
60 CIlS 

Code Word 

S3 85 .00 
385.00 

TYPE 566·A W A VEMETER 
USES: TYPE 566-A Wavemeter is a wide-range. 
general-purpose, absorption-type instrument 
intended for rapid frequency ehecks in t he 
laboratory or the ficld. Of moderate accuracy, 
it rcplaces the T YPE 358 and the TYPE 574, 
fonnerly listed in our catalog. 
DESCRIPTION: The wavcmeter consists of an 
air condensel' similar in const ruction to the 
Tn.,; 568, a ScL of five plug-in inductors, and 
an incandescent lamp, which is used Lo indicate 
resonance. T he condenser is mounted in a 
walnut cabinet. A friction-t)l )C slow-mot jon 
drivc is provided on the condenser , and t he dial 
cW'ries th ree scales. which arc calibrated di­
recLly in frequency. 
FEATURES: Compactness and low price are 
importan t features of t his wavemcler. T hc 
pl ug~i n termi nals are so arranged that the ill­
ductor can be rno\'cd in one planc to vary the 
coupl ing to the source under measurement. A 
rack is provided on thc side of the cabinct for 
storing the coils when the wavemeter is not 
in usc. 

SPECIFICATIONS 
Frequency Range: 0.5 to 150 l\1c (600 to Z IU c tenl) usiug 
the five plug-in inductors furnished wilh lhe ins trumen t . 
The CondClll!er diu! is di (t"(;l reading in frcq tl cncy. T he "rc· 
ei~ iou wilh which the dilLI ea u be read is 2% or beuer. 

Acculacy: T he oceurney o r dia l iudiclltion i, ±2% . 0.5 to 

Typ' 

16 !\Ie; lind ±3%. 16 to 1.j0 " Ie. 

A cceu ories Supplied: T wo ~ I)nrc inriic()!or 1()1ll])$. 

Dimensions: ,, ~ x 5~ x 5 ~:( inches. over-a ll . 

Ntt Weight: 3 poundl. 

Price 

566.A I W t vemeter .... . ..... . . . . . . . . . . . . . . . . I WAGO:< 545.00 
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TYPE 724·A PRECISION W A VEMETER 
USES: The precision wavcmetcr fills a definite 
need ill Lhe fi eld of frequency measurement. 
I ts accuracy is sufficient for mUIlY measu re­
ments which require a fa irl y close knowledge 
of the f l'cqucilcy but. where more precise hetero­
d yne methods are neither necessary nor con­
venient. Among these appiical..ions is the 
preliminary lining up of radio transmitters 
and checking UlC frequency span of oscillators. 

DESCRIPTION: The T YPE 724.-A Precision 
Wavemcter is U Luned-circuit inst rument, con­
sisting of a condenser, a resonance indica tor. 
and a se t of inductors. 

Tbe condense r is similar in com,lructionai 
d etails to TYI> F.: 722. (Sec page '~l. ) 

T he coils arc designed to have low losses and 
a high degree of stabilit,y. 

FEATURES: The st, raighl-li ne-frequellcy con­
dcnser obviates the usc of cwnbcrsomc calibra­
tion curves. The calibralion data arc in tabu lar 
form, and spccific frequencies arc found by 
in terpolating between the poiuts in the table. 
The plug-in coil moullting allows the coil to be 
rotated to obtain different degrees of coupli ug. 
This is a cons iderable a id to conveniencc in 
operation, making i t 1Il1nec~ry to hold t,he 
wavcmeter in awkwa rd positions to couple it 
to osci llator luncd circuits. 

The resonancc il:ldica tor is a rec tifier-type 
vacuum-tube voltmeter, which is not damaged 
by severe overloads. 

SPECIFICATIONS 
Frequency Ringe: 16 ki locycl/!$ 10 50 meIP'c yclca. ulibralion: The ca libration i, eupplicd iu t he rorm of a 
Accuracy: ±0.259'c, i..>e lw" ... " .;0 ke a"d :;0 I\ [e : ± 1.0% be- l(l b1e of ealihrotcd poinlll. Linear interpolation be lween 
lw~-en 16 I.e "nd 50 kc. th~ poinlll i$ u~1 to obta in seUing~ for oll,,,r (re<:jucneie,. 
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(ondennin: Precision worm-drive type .imi!:.r 10 Typl': ;22. 
The condenser setting is indiCIIlCd on the dia l and drum 
lind is controlled fN,)ttJ the front of the pan .. l. There are 
7500 div i~ions for the entire 2iO·degree angular rOlation 
of tim COllden!l('r rotor. The precision of selling is beUer 
tlum one I"\nrl in 25.000. T he pl llte! H e shoped to give an 
oppro~illlnlcly linear variation in frequency with scale 
sel tin" . 
Induc.tots: Coil~ are wound On i>lOlonlite forms and encJO:$ed 
in molded hakrlite cases. Seven coi l~ are u~ to COver (I 

frequency r"nge Letwc.-u 16 kilocycles and 50 megacycles. 

RC50n.nc:e: Indicator: A vacuum-tuhe voltrneter is used to 

Typ< 

indicll te resonanC(!. This is coupled to the tunoo circuit 
through n cU llaeit;'·c voltage tti"ider. 
V.cuum Tube: One In'" 1G4·G lulJe i~ required and is 
furniOlhed with the in$trum o::nt . 
Pow~r Supply: Ouo:: t ype 4f'A I Yr\,olt bntter)' i~ supplied. 
Mounting: A wooden storagf' e(,se. lilted wilh lock lind 
enrrying hondle. is fur"i~hcd . T hi$ hns com ],ortrnf'ntl:! for 
holding Ihe condenser. inducton. ond co librur idn chur l;;. 
Dim~nl ionl: Corry ing elise. l'i~ x 13 x 12 }4 inche;;. 
over-n il. 
Net Weight: With cllrrying ell!!e. 35 X' "ounds; withollt 
en rry;u/; CUiit'. 20 IlOu nds. 

Pr;« 

724-A I Pr~cision W.vemeter ......... . . ........... . 5190.00 

TYPE 758-A W A YEMETER 
USES: In the ul tra~high~frequeney range, 55 to 
400 Me, th is wavemeter provides a cOll ven ient 
and accurate means of measu ring the frequen­
cies of oscillators. 

DESCRIPTION: TnE 758-A Wavemeter is a 
luned~ci rcuit, absorption-type of instrument, 
in which the capacitance and inductance are 
va ried sim ultaneously. This permits a wide 
range of frequency to be covered with a single 
coi l. The coil is connected permanen tl y into 
th(' circuit. The resonance indicator is an illcall ~ 
descen t lamp. 

FEATURES: An ou tstanding feature of this 
wavemeter is the wide range of frequency whicl. 
is covered without. the bother of changing coils. 

Although both coil and condenser are COIll ­

pletely enclosed. the case is of transparent 
materi al so t hat. the circuit clements can be 
sccn at all ti mes. This is a considerable aid ill 
cou pling the wavcmeter to an oscillating cir­
cuit. The dial is direct rcading in freq ucncy. 
The lamp will glow on all oscillator of about 
2 walls output. For low~power oscillators, the 

SPECIFICATIONS 
Range: 5" rol e to 400 :\Ic. direcl reuding. 

Accuracy: ±Z%. 
Tempefatur~ and H ..,midity: Thc uccuroC)' of this wa'·c­
,nc tcr is completely i.ulcpemknl of tempcr:>lurc find 
hurnidi~y clfec!.>; over tI • .., rallgc~ nOfm..,ll y cncou"lcrcd. 
Resonance Indicator: lncond C!K:ent lam p. 
Dimensions: 5 x :. x .~ ~ iuches, ovcr-all. 

Net W eight: I pound. l Z ounces. 

Type 

758-A I Wavemeter .. . . ... . 
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reaction of the wavcllleLer on tile plate or grid 
current. call be used to indicate resonance. 

Code II'nrd Priu 

. . . . . . . . . . I WITTY 528,00 
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PARTS AND ACCESSORIES GENERAL 

TYPES 704 AND 706 PRECISION DIALS 

These are high-grade precISion dials, with 
scales individually cll J:,'Tavcd on an automatic 
self-indexing engraving machine in fine, rawal, 
and accurately located lines. The dial scale and 
the slow-motion drive knob rotate in the same 
direction. 

The accuracy of the engraving and the 
precision or setting obtainable jus Lify the usc 
of a TYPE 519-A Dial Lens (see next page). 

Backlash has been eli minated in the con­
struction of these long-scale dials by seLting 
the scale permanently and securely on t.he 
main shaft. which t.hus has its angular position 
accurately indicated. The tension of the fri c­
t.ion drive is adjustable to suit the load and thc 
prefercncc of the operator, and the position of 
t.he friction drive shaft may be adjusted by 
means of an eccentric bushing to compensate 
for any errors in theccntering of the main shaft 
in the center hole. 

These dials are secured to their shafts through 

• 4·INCH DIAMETER PRECISION DIALS 

1I111f-size vie .... o f the Tn'~ 706-D and 
T vpp- 7(}I-C Precision l)i"I$. T he T n'" 
519-,\ Diul Lens (described on t he folio ..... 

ing page) i~ 1I111O sho .... ll . 

the usc of two setscrews separa ted by 1200 

and arc supplied bored to receive a %-ineh 
shaft. For use with a Vi-inch sha ft, a split 
collar bushing is provided which securely grips 
the shaft t.hroughout one inch of its length, 
averting all possibility of slipping. 

Sellings of these dials can consistently be 
du plicated to one-fiftJJ of a di vision, aJlowing 
an accuracy of reseuing, for the TYPE 706-D 
Precisiou Dial, of better than 0.05% . Paralla-x 
is eliminated through t.he usc of an indicator 
which always remains flush with the surface of 
the dial, and which at the same lime absorbs 
auy slight eccent.ricities of Lhe main shaft, 
through the flexibility of its moun ting arm. 

The dial indicator and knob (T " PE 637-P ) 
a.re supplied, as are complelC instructions for 
mounting. Only one hole ill the panel , in addi­
tion to that for tbe main shaft, is req uired for 
mounting; this hole can be accurately located 
with the drilling template furnished. 

f)i(li Frielic", · N , t Q,d, 

Tr ill; M , f)i ~ is io'l$ 

704.( 180° .00 
704-D 270· 300 

• 6-INCH DIAMETER PRECISION DIALS 
f) i/.I 

Ty"" A rt: Viri, iQ'" 

706-{ 180° 300 
706.0 270· 450 
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Drirc Halio Weillhl 

1:6 9 oz. 
1:6 9 oz. 

Fri,tion_ N t:/ 
Dritt: /ralio Wcighl 

1:8 15 oz. 
1:8 15 oz. 

WQrd 

'HUU Y 

," 111\' 

Cod, 
Word 

D ... S IIY 

Oo\T\I ), 

"ria 

$6.00 
6.00 

Prier: 

$6.50 
6 .50 



 

RADIO CO. 

TYPE 520-A DIA L LOCK 
Any G~oer{ll Ihdio diallUay he firml)" cI{lmp~d in (on}' 

position by m eD us of Lloll ,(, ,' pe 520-A Di(l l Lock which 
holds the edge of the d inl in a. v ise- like gr ip. without 
exerting upprccil,b1c fo rce on the shaft. on which the oJi,,1 
is "'QuILted. T he lock docs not a lter the diu I scUing (\"'\ 
m" y be unclump<:d by looseni ng the knurled kno b " 'h"" 
it is desired \0 chunge d i,,1 to (I new setting_ 

Dimensions: (Leuj: lh) 2 x (" ' i(llh) I x (hdght) I J4 inchc~. 
over-all. Heigh t "00\"<' pando J inch. 
M ounting: Two 1 .... ' 0. 211 ho l~. ~ inch a part, "rOJ rl'tluireu 
for mounting. 
Net Wei sht: 0 4 ounces. 

T,"pe 

520. A $0.75 

Vicw of TYPE 52 0-'\ Dia l Lock inst{llicd on (I 

precision di,,!. 

PARTS AND ACCESSORIES 

TYPE 519-A DIAL LENS 
(Il lus trated on preceding page) 

T his co",;isu, of " ~ ",all len" with a n "djus tubJe holder 
to mount o n a panel, over the dinl i"dicatoT. II makes 
pOSsible incre,.~cd prcci~ion of reml"I!; of the Tn£s iO,1 
and ,06 Precision Di"ls. for which iti~ l>articularl)' designed _ 
\Vhen lIo t in II$<) the a rlll can be SWUII!; ou t of the WA y Ann 

the len:J pu~hell og,.,in~t Ihe ponel to minimize SpAce re· 
qui~lIIen ts. When in use Ihe lens is held in prop!'r posi tion 
by n delent device. 

Dim~nsion s: (H eight obove I);,,' el) 2 x (width) 1 Hx (len,g tb 
or Tadius) 2H inches. 

Focal lellgth. 17:( inchCti. 
M ounting: One ~iHnch hole rC(luin...! for mounting. 
Net W~ight: 2 Ounces. 

Type Code Word Price 

519-A "II"SII $1.75 

DIAL PLATES 
T helSC d ia.1 plu tes h;we phOIO-clch~d $Co les with raised 

oickel-sih'cr gruduu tions on I. fl a t black ImckgrolJnd. 
Each can be attllched to the ranel wi th the SAme $C rews 
which hold the rheos tAt-potelltiomc!er or condenser wilh 
which the dia l plate is used. 

TYPE 522·A 
A 2 J1-ineh diameter plutc fo r Use wilh " T YI'E 63i-A 

K nob alld a '1'"1"1'1> 301-A Ilheo;sw t- Potelltiollle le r. i\ larkcd 
with 20 div is ioos around 25 '1°. 

T .vpe Nd lVei9h1 Cod, Word Prir f 

522-A J1 oz. nOOM" $0.35 

TYPE 318·6 TYPE 

TYPE 318 
This is a 3-ineh diAmeler plate wilh provisioll for s ta nd ­

~nl 3-holo mounling. Tho Tn'f, :118-\3. lLIarke\! with 50 
div isions !l ~OU Il<J 298~. is sui table for usc with rheo;s tat­
j>otcll tiollletcI'l:I such as T YPES 214. 371. 314. 471. and 3 :~:~ . 
The T ,'PE 318-C is murked with 50 di visions around 180· 
for us'" wi th condenser:! hoving UIQ· rolaliol1. ~ueh liS 
TVI'ES 368 and 5611. A I %-inch knob. ei ther pOiuteT Or 
skirt. may be used. 

T,,,,, Net ll'<"iqhl Corle W ord Priu 

318-8 Ho,,- DE" IL $0.35 
318·( M" Oz. II I LEG .35 

318·( TYPE 522-A 
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FRICTION-DRIVE AND DIRECT-DRIVE DIALS 
These dials bave nickel-silver scales with 

photo-etched characters and scale divisions. 
The knobs are TYPE 637 of the appropriate 
size. They are available in two shaft sizes and 
in four diameters. All are available with or 
without friction drive, excep t the 2-inch size 
(TYPE 701), which is sold on ly as a direct-drive 
dial. The metal dial plate is insul ated from the 
shaft in all models except the smallest (T YPE 
701) on which the dial plato is swedged to the 
molal insert which holds the shaft. 

The direct-drive dials TYPES 710, 712, and 
717 are t he same as TYPES 702, 705, and 703. 
respectively, excep t that t hey do oat have t he 
fr ic Lion-drive mechanism. T his mechanism COll-

sists of a thin disc gripped and driven by two 
small discs attached to t he driving shaft. 

The photographs are approximately half size. 
T he indicator shown is supplied with t he dial , 
as is a mounting template, and the vernier 
drive knob (for t he fricLion~drive dials). 

Natural ly the photo-etched scale divisions 
of t hese dials are not as accura tel y determined 
as t hose 6f the T YPES 706 and 704 Precision 
Dials. They are, never theless, com pletely satisv 

factory for applications where extreme pre~ 
cision is not required. 

The position of the friet-ion drive in the 
photographs is chosen to ill ustrate clearl y the 
scales and the conslruction. T he normal po~ 
sition is 450 to t he right of that shown. 

FRICTION·DRIVE DIALS 
• 4-INCH DIAMETER - TYPE 103 FRICTION-DRIVE DIALS" 

ShaJI D'/ '" Friclion-Drire 
Type Diameler A" Divisiolls Ratio 

103-A lh in. 180· 100 1 :5 
703-B lh in. 270· 200 t 1 :5 
703-K lh in. 360· 200t 1 :5 
703-L % in . 360· 200 t 1 :5 
703-F 3~ in . 180° 100 1 :5 
103-G 3 8 ill. 2700 200t ) :5 

• 31.4-INCH DIAMETER - TYPE 705 FRICTION-DRIVE DIALS. 

705-A lh in . 180· 100 1:4 
705· F % in. 180· 100 1:4 

• 2 3,4-INCH DIAMETER - TYPE 702 FRICTION-DRIVE DIALS* 

702- A 
702-B 
702-F 
702_G 

1.4 i n. 51 in . 
% ~n . 
% In . 

180· 
270· 
180· 
270· 

100 
100 
100 
100 

1:3.3 
1:3.3 
1 :3.3 
1 :3.3 

DIRECT·DRIVE DIAlS 
• 4·INCH DIAMETER - TYPE 717 DIRECT-DRIVE DIALS 

717. A 
117·B 
717-K 
717_L 
717-F 
717-G 

» in . 
Y4 in. 
lh in. 
% ill. 
% in. 
% in. 

180· 
270· 
360· 
360· 
180· 
270· 

100 
200t 
200t 
200t 
100 
200 t 

• 3%.INCH DIAMETER - TYPE 712 DIRECT-DRIVE DIALS 

712·A 
712·F 

~4 in. 
Y8 in. 

100 
100 

• 23A-INCH DIAMETER - TYPE 110 DIRECT· DRIVE DIALS 

710-A 
710-B 
710-F 
710-G 

1.4 in. 
% in. 
% in . 
% ill. 

180· 
210· 
180· 
210· 

100 
100 
100 
100 

• 2-IN CH DIAMETER - TYPE 701 DIRECT·DRIVE DIALS 

701-A 1,4 in . 180· 100 
701-K % in. 360· 100 1 

.. · .... .. .... 1 

............ 
·PATENT NOTICE. See Note 17, pqo ,·i. 
tN umberc<l 0 10 100. ",itJ. halr-divisioll painl.!i iud iCllted. 

Net 
\Veighl 

8 oz. 
8 oz. 
801.. 

8 oz. 
8 oz. 
8 oz. 

5 oz. 
5 oz. 

4. oz. 
.l oz. 
·1 oz. 
" oz. 

5 oz. 
5 oz. 
5 0 1.. 

5 oz. 
5 oz. 
5 oz. 

3 oz. 
3 oz. 

2~ oz. 
2}1 oz. 
2 % 01.. 
2 M 01.. 

2 oz. 
2 07.. 

Cod, 
Word 

OIANT 

m81;T 

DIII Of' 

Dllll f' 

Dl I'UN 

DICOli 

DI ... IIK 

DlI''''L 

J)I ... CK 
1)1800 

DlYAO 

Dloon 

O'AII)' 

omAn 
DII ' UO 
DIK~O 

011'1T 

010,\11 

01A1'~ 

l.IIFAI\ 

DIALY 

D1DI N 

DIW IT 

DI GUT 

011. ... 1' 

OILUX 

Price 

$2.00 
2.00 
2.50 
2.50 
2.00 
2.00 

$1.15 
1.15 

$1.15 
1.75 
1.75 
1.15 

$1.50 
1.50 
2.00 
2.00 
1.50 
1.50 

$1.25 
1.25 

51.25 
1.25 
1.25 
1.25 

51.2S 
1.25 
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TYPE 339 SWITCH 

Although th is is primaril y a double-throw 
switch, both the movable and the fixed blades 
can he bent to ach ieve a wide varieL), of switch­
ing arrangements. For instance, they can be 
bent to make contact in the cen ler (normally 
OFF) posi lion, or indjvidual blades can be 
bent by different amOlwts so tbat contacts arc 
made and broken in a definite sequence. Simi­
lari y, the duration of contact can be adj usted. 

The T YPE 339 Switch is a low-capacitance, 
high-qualily, rotar y-action switch that is usefu l 
in low-power circuits. 

A worm and shaft actuate the nickel-silver 
blades, and a detent spring locates the switch 
positions in a positive manner. Actual contact 
between blades is made on silver-plated contact 
buttons. The frame and worm shaft are of 
black bakelite. 

SPECIFICA n ONS 
Insulation: i\ lolded bakelite. 
Vollag!! and Curr!!nl Rating: The insulation will withstnml 
250 volts. The maximum current is 2 aUljlCrCS iu a Ilon­
inductive circuit. The swi tch is desigued for use in low_ 
power, vacuum-tube circuits. ' 
Dim!!nsions: Panel space requ ired, 1 % x 2% inches; depth 
behind panel, Tn'..: 339-A, 2M inchcs; T .... ·\:: 339·13, lJi 
inches. 

T.vpe 

T!!rminals: T illued soldering t.crminnl~ (Ire an integral part 
of the switch blades. 

M ounting : Siugle·holc I)'IIC. %-incb diameter. Will fit panel$ 
up to % iuel! thick. 

Net Weight: T y!'!! 339·A, 4Y.i ou nces. TYPE 339· B. 3}4 
o unC<!s . 

Code Word Priu 

339-A 4-Pole, Double-Throw . ................ I PUp py $2.50 
339-8 2.Pole, Double-Throw . . ...... .. . I'U'M'Y '.00 

DECADE SWITCHES 
Decade switches of the t ype used in General Badio decade-resis lance and decade 

condenser boxes are also available for sale. T he T YPE ,::iIO-P3, an ll-position rotary 
switch used in decade-resistance uni ts, is listed on page 27. Tile T YPE 380-P3 Switch, 
listed on page 52, is an ll -posit ion rotary switch, designed to give a complete decade 
of capacitance values by means of parallel combinations of 4 it1(lividual condensers. 
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TYPE 637 FLUTED KNOBS 
Tbese molded bakeli t.o knobs arc used on 

nearly all General Hadia appara tus. They 
were chosen from among dozens of preliminary 
designs as the ones best suiLed to the require­
men ts of measuring ins truments. The smooth 
fluted knurling affords a positive, cramp. frce 
grip for the most delicaLe adjustments. 

The white pointers arc made of non-conduct­
ing material, and they can be easily pried off 
when knobs alone are required. Each knob is 
provided wi th two setscrews to insure penna­
ococe of setting. 

1 Va·I NCH DIAMETER - WITH POINTER 

Type 

637·A I 
637-8 

Shu!1 
/)iam~lpr Cod~ W ord 

Ullil 
Price 

% in. NUIl LNO II ANT SO.30 
% in . NUfll ... "OIJOOV .35 

Net We:ight: ~ ouuce 

Paeka!Je 
of 10 

$2.10 
2.35 

1 %-INCH DrAMETE~ - WITH POINTER 
Shafl Utl il Pack(Igt 

T .y f)t Diam~lu Cod~ 1V0rd Prict of 10 

637-G 1 v. in. NUI. L,,",OUCUN 50.35 52.35 
637-H % in. NURI.NounAT .35 2.35 

N01;t W01;ight: I Y:i ouncC!! 

1o/s-INCH DIAMETER - WITH 2-I NCH SKIRT 
S llafl Utlil Pa(:kag~ 

Typ~ Diamder Ccd~ WoNl "riu of 10 

637.J 1,4 in. I NURI.NOI)JI~1 50.40 52.75 
637·K % in. NU'tI .. :';OIlKO!' .45 3.25 

Nd W01;ight, I H ounces 

2%-INCH DIAMETER - WITH POlNTER 
Shaf l Unil Packagt 

Tyfm f}iameiu CtXle Word Price of 10 

637-P V. in. I NUIlLNO II I' IC $0.50 $3 .75 
637-Q % in. NUIIL;<;O IlQIJO .50 3. 75 

N d Weight, 30uuces 

2%.INCH DI AMETER - WITH 3-INCH SKIRT 
$llUfl U,liI P I;ICka91l 

Type Dia"'~lcr CQ(f~ \Yord Prict of 1f) 

637·R 1,4 in. I NURI,NOII"AM $0.50 $3.75 
637-5 3/a in. NUIILNOUSU)! .50 3.75 

N 01; t Wei ght: 3 Hounces 

Typ~ 637 Kuobs nrc shown nl)J)ro.~imatdy one-hnlf ~clu ul 
sir.e in the Ilhotogwphs:H t he right. 

THE OUANTITY DISCOUNTS MENTIONED ON PAGE v 

ALSO APPLY TO OUANTITIES OF PACKAGES. 

Below lire ~ hown tl .. , vo rious i\i .... ,8 of T YPE 637 
Knob ill tim order in which they nrc listed in the 

price Inhle. 
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TYPE 774 COAXIAL TERMINALS 
At high and ultra-high frequencies, the 

interconnection of the various eJements in a 
measuring system is best accomplished by 
mcaDS of coaxial lines. To obtain maximum 
benefit from coaxiallincs, hO\vevcr, proper ter­
minal equipment is necessary, and for conven­
ience plug-and-jack uni ls arc desirable. 

T YPE 774 Coaxial Terminals are concentric 
plug-aDd-jack units intended for usc with 
coaxial li nes. They arc used in a nwnber of 
Gcncl'al Radio instrumonls. among them tbe 
TYPE 821-A 'J\Vin-T, the Type 916-A Radio­
Frequency Bridge, and the TYPE 804-13 V-H-I" 
Signal Generator. 

1n order La reduce impedance mismatch with 
any line having a di flc l'cll L characteristic im-

pcdance. TYPE 7U Coaxial Term inals have 
been made wi t.h short. iDtomal conductors and 
with low capacitance, 10 order to provide as 
continuous an external shield as possible, lugs 
have been provided for four connections to the 
outer shcll from the cable sheath at points uni­
forml y distribu ted around the circumference. 

The solid dielectric is polystyrene, which bas 
both a low dielectric consLant and a low power 
factor. 

A plug unit and a jack un it arc available for 
mOutHing on panels, and a similar pair of uni ts 
for term inating coaxial cablcs. The plug con­
nector and the jack connecto!' make it possible 
to join two cables ha v i ll~ identi cal term inations, 
that is, two plugs or two jacks. 

SPECIFIC A n ONS 
Capaeitenc lt : For UlIID )' 911plicntion8 t ile Cllllucita ncc of t hese 
uni lB is tile rac lo r to be co rl siderell in dcu:rm iniug t boir 
suilabilit)·. The cnpncitant'e ror ench TV I'K ii4 Uni t is 
Kiven in t he de3Cril)t ion 011 the next pagc. I n addition to 
t he to la l ca p.',cila nce there i. given. rOt many units, a 
figure ta iled "inaertion capacitauce," which i$ t he capaci. 
tauce added to a ci rcuit when that pn rticu lar uuil is 
plugl;:ed in. Thi. i. lower than tile tollil cllpncitance beca use 
o r the overlapping when a 1)lug unit is plugged in to a jack. 
M alerials:Mettl llic l){I rlS li re o r nickel' I)la tcd brllSS : 
insulation i$ poly, lyre tie. 

Cabl lt: The CII llle con~ is lB of I' 8l.and (l rd ber)· J1jmn-eopper 
condUClor. 8Cparu t.ed rrom It br~ided t inned-eollpcr shield 
by Anhydret A i,' s lIIMion . ",i th ' 0 o\·er·all co \·t ring: o f 
abrus ion· rcsi$tont r ubber. T he 1I0minai characleriJi t ic im. 
pedance is 72 obnu ± 100/0: the nominal cllpacitance is 
26 $I$1 f per toot; and the power r"clor is 20/0 or leu at 1000 
cycles. 

Dimltnsio,u : All lIra",i" gs (I re approximatel )' J.i scale. 

Nd W e ight: See descrill tions on next Pl'gt. 

PATCH CORDS 

The T "l'I'F. 7N · H l'alch Cords OOllll's l or a 3· foot section 
of oonccntric...hielded cable (see gpecifica tions abo\'e) 
terminllted in 'j'VI'E 7;.1 Cooxial Cable T erminals. 

T he Tvl' !': 77" · " 1 has II T "l'I,t: 774· 1\1 Cable Jack a t o lle 
end :md A Tn' !! 77" · E Cable I?luJ; lIt the o ther. T he T HE-: 
774· m ! hos ~ T YI' E 774. l\1 Cuhlc J ack at each end. 
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Typ' 

774-R1 
774-R2 

IJr6rriplion 

I Patch Cord 
Patch Cord 

,"tt c..J, 
II'ri,M Word Price 

.j oz. 1·\ CCt:5$OIU\1 S4.00 
;j oz. ACC F.S!IOll.\l' 4.00 
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TYPE 774-E CABLE PLUG 
Th;$ is a plug connector unit for UK with oonttntric 

shielded ca bles <U, inch or leu ill diatnct<:r) . The connection 
of tlle inner conductor is m ndc by nlcan,. of II Tn'~ 2;-' 
Plug. while the ou ter s lec\'c fils 8nugly Ilround the ~ 1l1il 
, Iee,''''_ of the jack terminnls or COIIIH:ctOnJ. Four $Oldering 
luge nrc provioJetl for oonnccting to the shield of n con­
centric cable. ;l S is n lug for the inner conuuctor . 

T ot.1 C.pac;ilince: 2.:> ""f. 
Insertion C.pacilanc.: 1.4 "",C. 
Net Wti9hl: I YI! oz. 
Code WOld: ACCESSO F.YF. 

Price: $1 .50 

TYPE 174·P PA NEL JACK 
A melnl stud. lIupported b y n 1)01)·~ t)· rcnc Ilr;I), is 

mounh • .u ooncenlricully with the ou ter shell , nnd is rCCCS5Cd 
to rece;l'. the Tn.: ii4 Plug of the plug (;()IIueclor unilil. 
T he ou ter oouduClor is II split slcc\'c which grou nds to the 
panel on which the jack is mounted. I n conjunction wit h 
the . Iccvc of a cuble plug or co,u'tctor IIl1it it very c fT«:­
ti,·t ly s l, ield!l the higl, lead conncetion. 

Tot.l C.p.cit.nce, 2.8 J'J'f. 

Insertion Cap.cit.1nce: 1.7 ""r. 
Nel Weight: 1M or.. 
Code Word: ACCI!SSO,>(II) 
P, ice: S1 .OO 

PARTS AND ACCESSORIES 

TYPE 77.4-M CABLE JACK 
This is the jack unil for connectiug a concentric cable 

10 a T YPE 7H -G l 'ancl Plu.,. Similar in construction to Ihe 
cable plug. a ~-d slud Lakes the TnI': 274 1}lug. while 
a split slccve filoi in to tl,c outer sleeve of the plug terminal,. 

T ot.1 C.p.citann, 2.8 J'J'f. 
Insertion C.p.cilann, 1.7 I'I-'f. 
Nel Weight, 1 J..i oz. 
Code Word: ACCI!SSOMIJI.> 
Price, S1 .50 

TYPE 77.4-G PANEL PLUG 
This unit consists or a Tvl'f. 274 Plug wounl.ed a~i a ll y 

iu the ceuter of a brass shell. The plug is , ul'ported on II 
polys tyrene insulating Slril' which serves to isoial.e it from 
the oul.e, oonductor. The nliSCmbl1 rc(lui res a }$'-iuch 
mounting hole uud 111(1)' 1K: lllOunt.cd on any J}(lnel UlicJmess 
up to J..i inch. 'n,e entire plug assembl y is Jiuished with II 
nickel 1)lnte. A tiuned soidcring terminnl is providcd for 
the ccutral plug. while the outer conductor grounds to the 
mewl panel. 

Tol.1 C'!Hcitance: 2.<1 I-'J'r. 
Insertion C,pllcit.nce: 1.3 I-'J'f. 
Net Weight: I M oz. 
Code Word: " CCF,SSOCOO 
Price: S1 .OO 

r8L urr 
CONCENTRIC CONNECTORS 

To olll(lil1 moxilllum fl exibility with the cable nnd pallcl 
termin,,"" described obove. it i$ dcsirublc to ha" e adnpl.ers 
avo iloble to conueet bet"een lwu ter llliuais of the IflI we 
kind. Tbe Tnt> 7701_1-' Plug Councetor and Tnt> 174_N 
Jack Conncetor are two_way uni ts detJign~1 for thill pur-

TYPE 774-N JACK CONNECTOR 

Tot.1 C.p.citlnce: 4.21'I-'r. 
Inlertion C.p.cila nct: 2.01-'"f. 
Nel Weight: 1 oz. 
Code Word: ACCl:SSO:-;\JT 
Price: S1.00 

TYPE 774-X INSERTION UNIT 
This unit is dt'1ligued for houling dumwy &ntennRl, 

impedance-mOl tchi"g networb. IltienulllOnJ, aud similar 
circuits. I t COD8i~14 cncntiall y of a hollow eylindrieoJ 
nluwinum cllatiug wi tli a plug coonector alone cud and to 

jnck connector ot the other . One side is part ially cut 11"111 
to permit the conuection of drcuit elements hctween the 
two terwinals. A uickel·silver namcplate OO\'cn thil 
OI)Cning. comple ting the shielding of the high potential 
terminab. 
Tot., Cap.ciluce: 6.0 I-'J'f. 

Insertion C.pacit.nee: 4.9 ,."f. 
'(vf1t Nel lVei!1M ('.ode Word Price 

77.4-X 4J..i oz. I " CCy.S,.!IOXI':8 $4.S0 

pose. The 1.lug COllnt"C tor has a plug termiuu l il t either end 
and ma)' thull be used to conucel a jaclt-t.crruiuated cable 
to a panel jack. or to oonnC(:t ""0 cable jaeka together. 
In a siwilnr ma nllcr the jllck connector n ' lIkes possible 
conncetion of two Illug-type terminnls. 

TYPE 774·F PLUG CONNECTOR 

Tot.' C.pacitance: 3.6,."f. 
Insertion C.p.cit.nce: 1.3 I'l' f. 
Net Weight; 1 oz. 
Code Word: ACCI':SS() t"W 
Price: S1.00 

TYPE 774-YB TERMINAL UNIT 
This nnit provide;s u .hieided housing for terminat ing 

ro!;listol1l. fi t the lj./I me lime m(lldng the OUt,)ut of a coo~ illl 
s)'stem 1I"ni lobie at a poir of U -iuch »pnC\.'(1 binding 1>O!lt.8. 
As shown in the accom l)unying sketch , it 00lls i813 of a 
colu :ifll j ack. II I)''lir of T,'p~ 138· ' < lIinding Pons. and a 
lUch.1 liousi»g. 
Tot.1 C.p.cit.nce: S. ll-'Ilf. 
Insertion C,plcilance: 4.0 J'J'r. 

Type Nel W(;all/ 

774-YB j .~ 07.. 

Code Word 

ACC!:S90VA)I $3.50 

ALL 

DRAWINGS 

ARE 1f2 SIZE 
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PARTS AND ACCESSORIES GENERA L 

TYPE 13B STANDARD PARTS 
,The TYPE 138 parls have been designed primarily Cor USC in General Radio instrumen ts . 

Hundreds of thousands of these rugged, high qualil.y parts have been in service for years. Below 
arc listed several of the most useful items, which have been made available Lo manufacturers 
and ex r)(~rimcnlcrs for lise in I he assembl y of laboratory and experimental equipmen t. 
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Type 138·8 Switch Contact 
11 - ~illeh 
B- h& inch 

c- No. 10 drill 
1) - ~ inch mal: . 

COOe Word: COS T ACTAST 

Unit Price. 
PuckurJe 0110 • 
Package of 100 : 

$0.10 
.40 

VIS 

Type 138-( Switch Contact 
A = U6 inch 
n ... ~6 inch 

c- No. 10 drW 
1) - Yi inch max. 

COOe Word: COl'lTACTIIVG 

U,l il Priu . 
P"clUlfje "J 10 . 
P ackage of 11){) . 

$0.10 
.50 

3.20 

Type 138·0 Switch Stop 
A= }i incliilCl. C- 6 - 32 
B- Ue. inch 1) - ~ inch max, 
Co<le Word: STAN I'.H16UL 

Utlil PriC<l 
P(lck(lge (lJ 10 
P(lckagt oj 100. 

$0.10 
.40 

2.25 

Typ .. 138-V "d 138-VD 
Bind ing Posts 

A= ~ illeh IJ _ ' W6i llcllmill. 
C - 10-32 

D - ~ inch max. for_V 
Minch mnl!". for -VD 

Type 138-V 
Gode Word: STAN I'AIIAI'T 

Type 138·VD 
Gode Word: ST ANI'A"I'UN 

Un it Price 
Package oj 10 . 
Package oj "/00 

$0.25 
1.35 

12.00 

Type 138-X Binding Post 
A = }iinch 
11= I~ inch min. 

c= 10 - 32 
D- ~6 inch 

Code ' ''ord: STANI'AI180V 

U'lit Price 
Package oj 10 . 
Package oj 100. 

$0.25 
1.3 5 

12.00 

Type 138-UL Binding Post 
Assembly 

Code iVord: STAN P .. II U I.E 

Ullil Price. . 
Package oj '10 . 

$0.50 
4.00 

SWITCH CONTACTS AND STOPS 
Thc T n.,; 138 Switch Contncb nrc mnde of cadmi um_ 

p)ntcd bronxe. Contact surfaces nrc uufinished so tbnt al!IlO.:m­
blies of contecUi call be ground nat nftcr iu81011atioll. T\·PF.5 
138-B ami 139-C have threaded shufb for faSlening 10 Ihe 
panCllllld hll,·e knurled shoulders which pre"cnt ro lation 
of thc con tnet hend. T he switch smp i, of n ickel -plated 
braH. 

BINDING POSTS 
The TVPE 138 Binding PO!Ib nrc m!'lde of nickel-plated 

hra!l8. COllnection can be made m these IlO6t, iu a llumber 
of different wn~·II. Thc bnse is drll100 to t .. lie I)hOlle tips or 
wire end", directly, whi le tbe tOI) is drilled to rp.c(!i,·e the 
T YPE 274 1>lup. 10 addition. $pade tcrminnls can be firmly 
secured bel'll'CCln the OOlle and tbe top. As a t esult of this 
type of duisn these posts are "ery useful for e~perinlental 
setup!! where oonncctions are frequently chnllged. 

T YPES 138-V nud 138·X nre illllstrn ted below_ T he Tn'~ 
138-VO is identical with the Tn'.,; US-V, cxcept tha l the 
stud is longer. The lower end of the 11ud$ is tinncd for 
l oldering lind mounting nuts are fu rnished. 

TYPE 138-UL BINDING POST ASSEMBLY 
Tile TvpJo: 138-UL Binding PO!I t Assembly is a low-IO!I!I . 

low-<:apllci tance hushing-tnJoC biuding post. The use of 
these insulated binding posts reduces the capacitance be· 
tween the insul(lled lead and the mewl IlnucI to H very low 
Yalue. 

The TYI'.: 138-U I~ consis ts of a brnllll binding post ( .... i th 
lop) (lnd t .... o hollow conical in~ulalo~, molded of poly­
s ty rene. I t is dcsigll..,d for mounting 011 punels from i1'6 inch 
to J4 ind, lhi(; k through a l~6_ill c h hole. With thislllollnting 
holc the sp(leing between panel and IIluu cx(;ccds H' inch. 
insuring n very 10 .... Capacitance; li t t he same time the po .... cr 
fnclor is cxtremely low, siuee the onl)' J;O lid dielectric is 
low.lollll poly~lyre.\e. T he d-c lca,kllge tC!listan..,c of the poly­
IIt)' reoe is grea ter t han 100 D'..,ganlegolllll$, (Iud the effect 
of surface lenkllge hail beeD minimized b)' using n s tepped 
conical insulator, ..... hich inereo!JCII the length or the leakage 
plilh. 

The Bhallli;8 threndcd to take a knurled tOil. is drilled to 
take a cof\ncctor lead , and to rCC\:ivc the Tn't.: 2i4 Plug. 

T wo T ,...!> 136-U L may be mouuted with M-iueh spacing 
10 lnke the Tv)'" 2i4-M Dou ble Plug. Although UOl pri­
marily intended for high vt>ltage use, lhe.e binding posts 
may l afely be used at yo1t ... gcs up to 5000 voll8. 

All parlS listed on these two pages are 

shown in the illustrations approximately 

one-half actual size_ 



 

RADIO CO. PARTS AND ACCESSORIES 

TYPE 274 PLUGS AND JACKS 
The TYPE 274 parts have become a lmost indispensable in laboratories c"er:ywilcrc as a simple 

and flexible means of interconnecting equipment in temporary or semi-permanent setups. In 
addWon to being used on all General Radio instruments, they ore used by many other manu­
facturers of laboratory equipment. 

JACKS 
Tbe basic jack unit is the TYl'E 274-J wh ich 

is made of nickel-plated brass. All TYPE 274.·J 
Jacks are furnished with linDed I.erminals and 
nuts. TYPES 274- U aud 2H·D Plugs and a ll 
double plugs are recessed in the lOp, thus 
makin g: jacks for olher plugs. 

SINGLE PLUGS 

The TYP E 274-P, the basic unit, consis ts of 
a threaded nickel-plated brass stud which is 
fi t ted wit.h a bcryllium-copper spri ng. A nu l 
and terminal a rC furnished. TYPE 274·X is 
!Sim ilar to TYPE 2711,·p , except the stud is not 
threaded hut has a luhll!al' rivet top. TYPE 
27'1··U has a larger threaded stud which is 
recessed to take a TYPE 274 P lug. T YPE 274-D 
is similar to T YPE 2711-U but has an insulating 
bakeli te sleeve and a thumbscrew. 

All plugs will carry a maximulll current of 
15 amperes on a resis tive load. 

DOUBLE PLUG 
The TYPE 27t1-M Double Plug consists of 

two plugs set :y,( inch between centers ill a 
molded polystyrene form. The top is recessed, 
fo rming a double jack, so that these units can 
be stacked in parallel. The plugs arc drilled to 
take cord tips, or wire leads, small setscrews 
bei ng provided for fastening. 

The use of polystyrene as the molding 
materi al insures high leakage resistance and 
low dielectric losses. The capacitance between 
pins is about 1.1 p.p.f at a power factor of less 
lhan 0.1% . The direct-current leakage resist· 
ance is greater th an 108 megohms. 

SHORT·CIRCUIT PLUG 

Tbe TYI'E 274·SB Short· Circuit Pl ug con­
sists or two TYl'E 274-U P lugs and a nickel­
plated brass bar. 

TYPE 2U Plugs and Jaeks are shipped un­
assembled. 

THE QUANTITY DISCOUNTS MENTIONED ON PAGE y 

ALSO APPLY TO QUANTITIES OF PACKAGES. 

Type 274.P PI,. 
11= X inch rn a;\". c= 6 - 3::! 
8 = Y. iuch rn" x. D ... ~ inch 
C()(it W()rd: IITA ....... AncAT 

Unif Prict 
P ock(l(}c IIf 10 
P(lck(l(}t of 100 . 
1000-1999 
2000-19.999 

$0.12 
.90 

· 6.25 
59.40/ M 
56.25 / M 

Type 214.J Jack 
,1 ... ~ inchhex. U= Ys inchm!lX. 

C. J!- 28 
C()(ie Word: s·r.\N .... \I'T OP 

Unit Price. 
Packagt of 10 . 
P(lcka!}t 0/ '100. 
l000-J99.? 
2(}()()-'19,999 . 

$0.10 
.55 

· 3.50 
33.25 / M 
31 .50/ M 

Type 274.X Plug 
,1_ O. 1 3~> inchdinm. C ... ~ i"(;h 
u- U6 inch 1) = }1 inch 
C<xfe 11'0((1: STAN t'AIITI" 

Un it Pritt . 
P«ck«gt oj -HI 
PllckuOt oj 100 . 
l000~1999 
2000-19.999 

· $0.10 
.60 

· 4.25 
40.40/ M 
3a.25/ M 

Type 274·U PI,. 
A = YJ inch hcx. nut c= }:(- ZIl 
R= ~ inch nla .t. 1) = M inch 

Unit l'ri«. . 
P«ck«!J~ oj 10 
J>acka!J~ 0/ "f()0. 

$0.15 
1.00 
8.00 

Type 214·0 Insulated Plug 
A .. J.i inell B ... "Ji iuch 
C()(le Word: STA" " .' 1H' n :; 

Unit PriCt . $0.25 
PuCka9t oj 10 . 2.25 

Type 274·M Do uble Plug 
A = l Ysi nche" n " 11KG inch ~iI 
C()(fe Word: STA"I'.U, 

Unil Price. 
l'uckagt'; oj 'fO 

$0.50 
3.50 

Type 274·5B Short·Circuit 
Plug 

.4 _ 1 Y. inches 

Unit Price . · $0.65 
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PARTS AND ACCESSORIES GENERA L 

PANEL TERMINAL INSULATORS 

Type 

274-Y 
n-4-Z 

TWO 

+ TYPE 
138· 

vo 

8ak,,/i/e Material Ntl Weight 

Im"ck I ~ OJ:. per I'air 
Yellow (lo,.. · IO!!$) ~ 07.. per I',,;r 

The termi nal insulators afC designed 
for mounting a pair of TYPE 13B-VD 
Binding POSLS on a metal panel so 
that both tenujnals arc insulated from 
the panel. They arc available both in 
black bakeli te and in low-loss yellow 
bakelite. 

Code Word 

8TANP,l.IIIlY.L 

STA I'i .... ' UIOO 

11 - 1 yt inehes 
B _ U inch 

Poir 

$0.20 
.30 

e- ~ ineh <lillw. 
D- ~ inch to ~ inch 
Priu 

f'acko'l( of 10 Pain 

51 .35 
2.1 0 

TYPE 274-ND SHIELDED PLUG 

This assembl y consists of a pair of TYPE 274 
Plugs mounted at standard % -inch spacing on 
a yellow bakeli te support. A black Hnish drawn­
aluminum shield fils over the plugs and is con­
nected to the ground terminal. The assembl y 
is designed to plug into and over a pair of TYPE 
138-V 0 Binding Posts, mounted all a metal 
panel by means of the TYPE 2i'~-Y or -Z Insu­
lators. The aluminum cap fits snugly against. 

the metal panel, completely shielding the COIl­

nooLion. 
TyIU N~I Wdgh/ Co<lt Woro' Priu 

2:74-ND I 2 O~. I STAPI.ucmOG I $1 .50 

TYPE 274-NE SHIELDED CONNECTOR 
The TYl'E 274-NE Shielded Connector COII­

sisls of a pair of TYPE 27t\..-ND Sbielded Plugs 
wi lh a 3-foot lenglh of shielded concentric 
cable. The cable has a charactcristic impedance 
of about '10 ohms and thc tolal capacitance. of 
the assembly is of tbc order of 160 Jl.J.lf. 

This connector is useful in high-frequency 
work and in measurements where the utmost 
precautions in regard to shielding must be 
observcd. 

TYr< Net II't illld Code Word P~ice 

274-NE 5 ~{ O~. !IT.- PLUO!!' ' ''; I 54.00 

TYPE 274-NC SHIELDED CONNECTOR 
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This assembly is simiJar to the TYPE 27 'I~NE 
except that the plugs arc Lbe standard TYPE 
27'l-M Double Plug. I t. is usefol in applications 
where the shielding I'cquiremeuls arc not suffi­
cientl y severe to justify the llSC of the TYPE 
274-NE but where unshielded leads cannot. 
safely be uscd. 

Type Net Weil/III Code Wo~d Priu 

274-NC I 2 ~:( O~. STA:'i' PA"l.OO 51 .50 



 

RADIO CO. PARTS AND ACCESSORIES 

TYPE 674 JUMBO PLUGS AND JACKS 

USES: These are rugged, heavy-duty parts 
designed for use in circuits carrying relatively 
large cur rents. T hey make safe and convenient 
connectors for currents of 35 amperes or less. 

The TYPES 6H-P and 6U-J are vcry useful 
as the plug and jack clemen ts for plug-in uni ts, 
such as oscillator coils. 
DESCRIPTION: Except for size, these parts 
arc vcry similar in design to the TYPE 274 

Type 674-P Jumbo Plug 
~I =~ i nch 

/Jc U6 ioch 
c= ~-32 

Plugs and J acks. Nickel-plated brass is used 
in the construcl,ion excep t fo r t he plug springs, 
which are made of specially tempered beryllium 
coppel', 

The TyP):; 674-C has a solder-filled shank for 
sweating in 7.i-inch tubing. while the TYI'I~ 
674.·D has an insulated shank and a soldering 
lug. The TyP£s 6(4,-P aod 674-J are supplied 
with nuts and lin ned solderi ng terminals. 

Type 674·0 Insulated 
Jumbo Plug 

A = ~:( inch 

Code lI'ord: STM~I' .. n .. nK Code lI'ord: S 'f .. N "" ' I,'I'F. 

Un il Price. $0.30 Uni/Price. $0.50 

Package oJ 10. . 1.75 Packagc of 10 4.00 

Type 674.( Jumbo Plug 

~1 '" H inch 8 = M inch 

Code Word: ST ..... " .. ncox 
UnU Price . 
i>«ckuge oJ '10 • 

$0.25 
1.50 

Type 674·J Jumbo Jack 
A -= U inch D - U6}nch mux. 

C= ).4- 20 

Gode Word: ST":"" .,n .. VIl 

Ullit Prict . 
Pack(lgt of 10 

SO.30 
1.65 

THE QUANTITY DISCOUNTS MENTIONED O N PAGE ¥ ALSO 
APPLY TO a UANTlTIES Of PACKAGES. 

TYPE 119 RADIO-FREOUENCY CHOKE 

USES, TVI>E 119 Choke is usef\ll not onl~' as 
a radio-freq uency choke in vacuum-tube cir­
cuits, bu t also as an inductance clement in 
filt.e rs and t.uned circuits. 

DESCRIPTION: The wiuding is t.he so-called 
helical t ype, composed of a large number of 
thin , spiral-wound pies. TYI'E 119-13 uses a 
dust-t ype core. The coil is mounted in a molded 
bakelite housing which is effect ively scaled 
against moisture penetration. 

SPECIFICA liONS 
Accur~cy of Induc1 .. nce: :::1::20%. 
Muimum Current: 60 ma. 
Dimensions: (Height) 2 inches: for base uimen;siQns, S("C 

;sketcb. 
Net Wei9h\, TYI'y. 1l9·A, 2).4 oz.; T \"I' .; 119-13, 3 oz. 

119.A 
119·8 

119·A 
119·8 

D-C 
I"due/arl ce G«poci/(lnu ne~i$lall ce 

0.25 h <1 /.//./f ·150 n 
0.5 h 5 /.//./f 450 n 

I Radio·Frequency Choke . 
Radio.Frequency Choke . 

FEATURES: There is only onc significant. poin t 
of resonance, aU minor reSQnances being prac­
tically eliminated by the method of winding 
and assembling. The shunt capacitance is low, 
so that. the choke can be used at frequencies as 
higb as '10 megacycles. The use of an iron-dust 
core ill TYPE 119-B makes po!>Sihle a high­
induct.ance unit wit.h very little increase in 
capacitance and resislance. The capaci tance 
and conductance of this choke as a function of 
frequency are shown on page 69. 

At the Icrt is a view or the '1''''I'E 119 ChGke and 
ot t he right 1\ sketch of the b,,~c dimensions. 

. . . . . . . . . I 

......... 

Code Word 

I loI .. C e. 
1 ~18£O 

Price 

S1.50 
2.00 
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INDEX BY TYPE NUMBER 

Typ< Name Page Type NOJllt. Page 

50 Variac. 20, 2 L 614-C Selective Amplifier l,n 

50 Ganged Varines 2 1, 22 616-D Heterodyno Frequency "[ctcr 134 
50-Pi Choke. 22 617-C Interpolation Oscillator. 136 

100 Variac. 20, 21 619-E Heterodyne Detector. 140 
100 Ganged Variacs 21, 22 620-A Heterodyne FTt<IUCOCY "Ieter and 
106 Standard Inductance . 53 Calibrator 142 

107 Variable Inductor. 54 621 Power Strooosoope 7 
ll9 Hildio-Frequency Choke. 163 631-B Strobotac 2 
138 fiindiog Posts . 160 637 Fluted Knobs. 157 

138 Switch Contacts and Stops 160 648-A Strobolux . " 
200 Vorincs. 20 650-A Impedance Bridge 72 
200 Googed Vuriacs 2 1, 22 651-AE Oscillograph Recorder lO '~ 

21 '~-A Voltngc Di"idcr- Rheostat 36 663 Resistor 32 
219 Decade Condenser 50 667-A Inductancc Bridge 78 
249 Attenuation Box 31 668 Compensated Decade-Resisla lice 
274 Panel Terminal rnsu!ators 162 Unit. . 29 
274 Plugs and Jacks 161 670 Compensated Decade Resistor 28 
214 Shielded Plugs and Cables 162 674 Plugs and Jacks 163 
301·A Voltage Divider- Rheostat 37 67S·P Piezo.Elcctric Oscillator 130 
314-A Voltage Divider- Rhcosblt 37 690-D Piezo.Electric Oscillator 127 

318 Dial Plates 153 691-C Temperaturc.Control Box 127 

339 Switch , L56 692·B Multi vibrators 133 
368 Variable Air Condenser <6 693-8 S)'ncronomeler 127 

371 Voltage Divider- Rheostat 36 69'~C Control Panel , 1' --, 
380 Dccade--Condenser Unit, 51 695-B Battery Charging Panel ' 1' --, 
471 -A Volt..'lge Divider- Rheostat 37 696-C A-C Power Supply 127 

483-F Output l'l'Ietcr, 117 698-A Duplex Multivibrator 133 
500 Hesisl.Or 38 699-A Comparison Oscilloscope , 138 
505 Condenscr 48 700-A Wide-.Range Bca,t-Frequency Oscil-
509 Standard Condenser , 47 lator , 90 
510 Dectlde-Rcsistance Unit , 26 700-Pi Voltago Dividcr 91 

519-A Dial Lens ' 153 701 Direct-Drive Dial , 155 
520-A Dial Lock , 153 702 Friction-Drive Dial 155 
522-A Dial Plate , ]53 703 Friction-Drive Dial 155 
530 Band-Pass Filter , 108 704 Precision Dial. 152 
539 Variable Air Condenser 45 705 Friction-Drive Dial 155 
S44-B Megoh m Bridge 83 706 Precision Dial. 152 
546-B Mierovolter 120 710 Direct-Dri\'6 Dial , 155 
549 Contactor , 5 712 Direct-Drive Dial . 155 
56 1-D Vacuum-Tube Bridge 81 7IS-A Direct-Current Amplifier 16 
566-A Wavemeter U8 716-B Capo.citance Bridge 66 
568 Variable Air Condenser ~I 111 Direct-Drive Dials 155 
572· B Microphone Hummer 100 720-A Il c let()d~' ne FrC<luclicy .\ Icler 144 
578 Shielded Transrormer, 79 122 Precision Condenscr 41-43 
583·A Output-Power Meter, 118 123 Vacuum~Tube Fork 98 
602 Decade-Resistance Box 24 723·1'1 Power Supply , 98 
60S-A Oseillator 94 724-A Precision Wavemet.er, 149 
612 Coupling Panel 139 726-A Vacuum-Tube Voltmett.r no 
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INDEX BY TYPE NUMBER (continued) 

Type Name Pog, Type Na.me Page 

726-Pl l\'luitiplier . 112 774 Coaxial Connectors (Terminals) 158 
727-A Vacuum-Tube Voltmeter 112 783-A Output-Power Meter. 119 
728-A D-C Vacuum-T ube Voltmeter 114 805-B Standard-Sigual Generator 86 
729-A Mcgohmmeter. 115 813-A Oscillator . 99 
736-A Wave Analyzer 102 815 Precision Fork 146 

740-B Cl:I.pacitancc Test Bridge . 74 816-A Vacuum-T ube Fork 147 

740-BG Capacitance Test Bridge. 76 821-A Twin-T I mpedaoce-i\'Jeasuring Cir-
758-A Wayemctcr 150 cui t . 68 
759-B Sound-Lcvcll\'Ictcr 8 830 Wave Filt.ers 106 
759-P35 Vibration Pickup. 10 857-A U- H-F Oscillator 92 
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