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3 A U G U S T- S E P T E M B E R ,  19 5 9 

THE 

TYPE 1305-A LOW-FREQUENCY OSCILLATOR 

A UNIQUE INSTRUMENT FOR THE MEASUREMENT OF PHASE-GAIN 

CHARACTERISTICS IN THE RANGE OF 0.0 1 TO 1000 CYCLES PER SECOND 

The 'IYPE 1305-A Low-Frequency Os­

cjllator bring to the low-frequ ency fi ld 
a conv nient source of sinu oidal alter­

nating voltage. It unique ·ircuitry pro­

vides a balanced, three-phase output and 

includes a continuously variable, cali­

brated, frequency-indep nd nt pha e­

shifter , for the mea� urement of pha e 
shift up to, and beyond, 360 electrical 
degrees. An ace ory, the TYPE 1305-
Pl Four-Phase Adaptor, provides four 

output voltages of equal magni ude dis­

placed 90°, also frequency-independent. 

Here, then, is the ba i of a system for 
pha -gain m asur m nt at low and 

power frequencie . It is particularly use­

ful to those concerned with the per­

f or man e of geophysical gear, servo­

mechanisms, sonar networks power-

y em analogues , and similar low-fre­

qu n y equ1pm n -. 
The TYPE 1305-A Oscillator is basi­

cally a phase-shift oscillator. rhreeidenti­

cal resistance-capacitance networks are 
l(;ilbert Smiley, "Ultra-Low-Frequenc-y, Three-Phase 
Osc-illator," Proceedings of the IRE, April, 1954. 
2J_ M. lVIiller, "Dcpendcnc-e of the Input Impedance of a 
Three-EleC""trode acuum Tube upon the Load in the 
Plate Circuit," Bureau of Standards Scientific Paper, 351. 

cascaded to produce a phase shift of 180° 

(60° per ne work) at he op rating fr -
quency. 1 For each decad range fixed 
networks are provided. The apparent 
capacitance is varied by ''Miller Eff ct"2 

amplifier , as hown in the block dia­

gram, Ficrur 2. Thi m thod of frequ ncy 

variation ha many di tine advantages: 

A. The ize of the polystyrene capac­

itors required for the low es frequencies 
is reduced by an order of magni ude; an 
appreciable economy. 

B. The frequency-varying elem nts 

are three, ganged, logarithmi · potenti­

om t rs, of a convenient value tha 

yi ld a "constant-accuracy" calibration 

as they vary the Miller Effect gain, yet 

the RC networks behave a though a­

pacitanc were varied to yield a con tant 

impcdan e at th o cillation fr qu ncy. 

C. Th thr ca cadcd n tworks and 

amplifier automatically result in a three­
phase, wye configuration, which, in turn, 

introduces till further advantage : 

1. The wye nc work conn c to the 

o cillator power supply at he n-utral 

(zero voltage) point. H nee oscillator 

Figure 1. Panel view of the Type 1305-A Low-Frequency Three-Phase Oscillator. 
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curr nts do not traverse the power 

supply. 

2. The three-phase sy tern mak s pos­

sible the pha c-shiftcr, previou 1 men­

tioned. A continuously rotatable po­

tentiometer i conne ·ted, at equally 

spaced points, to th thr -pha, e out­

put and i appropriat ly "pad ded ' f r 

on tant utput and linear pha e- hift . 

The fixed.. four-pha 'rYPE J 30;)-Pl 
Adaptor i connected to th thr e-phase 

output through appropriate net\Yorks. 

3. Output voltage indi ·ation i pro­

vided by a vol t meter upp li d from a 

thrc -phase full-wav r ctif ier aero 
the oscillator outpu . Th low ripple 
(-10 +5 of rm vol ag ) permit 

accurat t ting of output voltag at 

ev n the low ·t fr quency. 

4. Another three-pha,· fu ll-wave rec­

hfier, terminatC'd in a referen · di <le, 

acts to reduce the o ·illator loop gain 

when the refer n ·e voltag i. exc eded. 

thi point the gain is "clipp d," 

lightly, ix t ime per cycl . Outpu t is 

hel<l constant wi hin ±Yz db over the 
operating rang with a minimum of di -

tor ion. Thi· dircct-actincr limiter elimi­

nate the intol rabl time constant ·on­

SC'quent upon the u. of conventional 

automatic-gain- ·ontrol ·ir ·uitry at such 

low fr u nei 

5. Ko pha � 

quency (direct 
hift cxi t at zero fre­

currcu t), and the f d-

4 

back loop is strongly degen rative (more 

than 1 db) again t changes in vacu um 

tube or component parameters. 
Oscillator build-up fame, a phenome­

non that u ually goes unnoti' d in o -

cillators opera ing at audio-frequen ies 

and hi o-her , can, at h frequ ncies in 

the ran o- of the TYPE 1305-A, actually 

be mca ur d in hour ! For thi rea on, 

a rapid build-up witch i provided , to 

introdu ·e a tran ient in f the 

limited amplitude. Within on ycl 

after th r 1 ase of the witch , the os il­

lator achieve constant amplitude, so 

ffe ·ti i th limiter action . 

The TYPE 1 05- i , by virtue of it 

rapid build-up time and con tancy of 

output amplitude, a useful our ·e of 

singlc-phas three-pha e, and two-or­

four-phas ignals v r the rauge from 

0.01 y ·le· to J 000 cy ·le . Output bal­

anced to ground can be obtained from 

the four-pha e output adaptor. 

m t important u e of h T -pE 

1305-A cill tor is the mea urem nt of 

servo-sy tern pha -gain ·haracteristics. 

To illu ·trate this application, measure­

men -s ha e been made on two en ral 

Radio rvo-op rated devices the 'I'YPE 
1521-A Graphic Level Rcc:ord r and the 
'T -PE 1570-A A utomati Linc Volt ag 

Regulator, an l the results ha\·c be n 

plotted in the form of Nyqui diag1·am . 

Figure 4 shows the closed- and op n-

Figure 2. Elementc:iry block dic:igram of the oscillator. 
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VERTICAL 
�---+--OTYPE 1521-Ao-+---� 

�----+-�_0511 RECORDER OSCILLOSCOPE 
PHASE I 

TYPE 130� 
PHASE StilFT .._-+-------------' 

HORIZONTAL 

Figure 3. Arrangement of instruments for measuring 

closed- and open-loop phase gain characteristics. 

loop phase-gain characteristics of the 

TYPE 1521-A Recorder a m a ured with 

th tup shown in Figure 3. The closed 
loop mea urement, which is of greatest 

interest to the user, is extremely easy to 

make. The output of the recorder is taken 
across the de input potentiometer, 
which is what he pen records. The os­
cHlator phase-shifted output i applied 
to the horizontal deflection plates. For 
ea h frequen y th peak-to-peak erti al 
d fl tion of the cope i a mea ·ure of 

th output voltage, and the phase shift 

i mea ur d by adjusting the phase­
shif ted output to close the oval ' cope 
trace to a straight line. Measurements 
are started at a low enough fr quency to 
insure a n1.inimum phase hift (near zero 

Figure 4. Closed-loop and open-loop phase gain 

characteristics of the Type 1521-A Graphic Level 

Recorder. 

AUGUST-SEPTEMBER, 1959 

degre s) and extended upward as far as 
needed. 

l\/Ieasurement of open-loop gain and 

phase characteristics is fundamental to 
the synthesis of stable phase-correcting 
networks. However, in a servo y tern 
with response to de, this measur ment 
can be much mor difficult than the 

clo ed-loop m a urem n if th open­
loop gain i high and there i de drift. To 
obtain the open-loop response curve of 

Figure 4 required the combined efforts 
of two engineers, one correcting the drift 
with a potentiometer while the other ob­
served the pa tern on the oscillo cope. 

Figure 5 shows the closed-loop re­
sponse of th TYPE 1570-A Automatic 
Voltage Regulator as mea red b imi­
lar techniques. The similarities of the 
two yst ms are certainly mor marked 

than their differences! 
Obviously, imilar measurements can 

be made on other networl-s with equally 
informative results. 

- GILBERT SMILEY 

Figure 5. Closed-loop response of the Type 1570-A 

Automatic Voltage Regulator. 
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The developm nt of the TYPE 1305-A Low­
Frequency 0 cillator was started ome y ars 
ago by th writer, but brought to its final 
fruition through the work of James J. Faran, Jr. 
Thanks are due M. J. Fitzmorris and M. C. 

6 

Holtje for their help in the measurement of the 
characteristics of the T Y PE 1521-A Graphic 
Level Recorder and the TYPE 1570-A Auto­
matic Voltage Regulator. 

SPECIFICATIONS 

Frequency Range: 0.01 to 1000 ycle in five 
rang s. 
Frequency Control: The main frequency on­
trol dial is engrav d from 1 to 10 y 1 .. A 
range witch multipli the scale frequencies by 
0.01, 0.1, 1, 10, and 100. 
frequency Calibration Accuracy: ±2r;7c. 
frequency Stability: Warm-up drift i less than 
1 % in the first ten minutes, less than 0.2% in 
th next hour. 

Three-Phase Output: At least 10 volts rms, open 
ir uit, lin -to-n utral, behind 600 ohm in 

0ach pha.<>e, constant \Yith frequency to ±5%. 
Phase voltages arc equal to each other within 
±2%. 

Th DIRECT position of th0 output attenu­
ator swi ch provide· 75 ohms p r phas but 
mu t not b 1 aded '"'ith l s than 600 ohmH 
p r pha.8e, wye-connected, or 1 00 ohms per 
phase, delta-connected. A neutral terminal i 
provided. Ph e a ura. y, ± 2°. 

Output power is 167 milliwatts per phase, 
maximum, into a 3-phas wye-co nnected load 
of 600 ohms per pha ·e. 
Four-Phase Output: At l<'ast 5 volts, rms, line-to­
n utral, b hi nd 600 ohms, from the 4-phru;e 
adaptor. Phase acC'uracy, ±3°. 
Variable-Phase Output: Approximat ly 0.8 volt, 
rms, b hind a maximum impedance of 15,000 
ohms. Maximum error in total pha e angle jc, 
±3°. For pha.·e angles of Jes than 10° the ac­
curac:v is±0.5°. t any dial. etting, small pha.·e 
differ n ·e can be mea ·ur d to an accuracy of 
±0.25°. 

Waveform: Total hn.rrnonic content is less than 
2 for all output value and for all frC'quen­
cie for any load ex ept in th DIRECT 
position of 0 TPUT ATTENUATOR switch. 

Type 

For the DIRECT position of the OUTPUT 
ATTENUATOR switch, total harmonic con­
tent i 1 s than 2% for any wye-connected 
load of more than 600 n per leg or delta-con­
nect d load of more than 1800 n per phas('. 
Line-frequency hum in the output is le s than 
10 millivolt . 

Terminals: TYPE 938 Binding Posts. N cutral can 
be connected to the cha si , which can be 
grounded through a 3-wire power cord. 
Moun !ing: Alun:inum, 19-inch, relay-rack panel; 
aluminum cabmet. For table mounting (TYPE 
1305-AM), aluminum nd frame are supplied 
to fit ends of abinet ; for r lay-rack mounting 
(TYPE 1305-AR), brackets for holding cabinet 
in rack are supplied. Relay-rack mounting is 
so arranged that panel and chassis can be 
removed from cabinet, leavi ng cabinet in rack, 
or cabinet can be removed from r ar of rack 
leaving panel attached to ra k. 

' 

Power Supply: 105 to 125 (or 210 to 250) volts, 
50 to 60 cycles. Total power consumption is 
165 watts. Instrument will operate satisfac­
torily on power-supply frequencies up to 
400 cycles. 

Power input receptacle will accept either 
2-wire (TYPE CAP-35) or 3-wire (TYPE CAP-
15) power cord. Two-wire cord is supplied. 

Tube Complement: Four each 6197; three each 
6BH6, 5963; on each OB2, 12AX7, 6080; six 
1N536 cry tn.l diod s; ight 1N119 crystal 
diodes; one SV18 crystal diode. 
Accessories Supplied: T YPE CAP-35 Power Cord, 
three' TYPE 274-MB Double Plugs, spare fuses. 
Four-Phase Output Adaptor TYPE 1305-Pl. 

Dimensions: Panel, (width) 19 x (height) 7 
in ·hes; depth behind panel, 12 inches. 
Net Weight: 35 pound . 

Code Word Price 

1305-A M 
1305-A R 

Low-Frequency Oscillator, Bench Model . ....... . DEBUT 
DONOR 

$940.00 
940.00 Low-Frequency Oscillator, Relay-Rack Madel. . . • •  

YES, INDEED, WE'VE MOVED 

We are still getting mail addressed 

to our form r location in Cambridge. 

To help us give prompt atten ion to all 

Our new address: 

• 

inquiries, won't you pl a e change our 

addre s in your records and a k your 

Purchasing Department to do the same'? 

General Radio Co. 

West Concord, Mass • 
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NEW THREE-TERMINAL CAPACITORS 

To meet the growing need for stand­

ards suitable for use in three-terminal 

capacitance measurements , we are no'v 

making available bo h fixed and variable 
three-terminal capacitor . rrhe fixed 

units TYPE 1403 Standard Air apaci-' 
tors are three-terminal versions of the ' 

. 
two-terminal TYPE 1401, while the vari-

able units are TYPE 722 Pr ·i ion 

Capacitors. Both type are equipped 

with TYPE 87 4 Coaxial Conne ·tor for 
complet hielding, and mating connec­

tors are supplied. 

FIXED CAPACITORS 
This new series of :fi.xed air capa itors 

is designed and calibrated for u in 

three-terminal measuring syst ms. These 

standards are available in powers of 10 
from 0.01 pf to 1000 pf, supplementing 
the TYPE 1409 Standard Capacitors 
which are offered in the range frorn 

1000 pf to 1 µf. Since the latt r are ar­
ran ged for ei her t\ o-t rminal or three­

terminal use, the total range of GR 
fixed, three-terminal capacitance stand­

ards is now 0.01 pf to 1 µf, a total pan 

of 100 million to 1. 
The TYPES 1403-A. - . and -G have 

Figure 1. View of the 
Type 1403-D Stand­

ard Air Capacitor. 

Figure 2. Interior view of 
the Type 1403-N Stand­

ard Air Capacitor. 

nominal values of 1000, 100 and 10 pf 
r spectively. Th con tru ·ti on of these 
unit is conventional - in fact , th 

capacito1 s ar ba i ·ally of the sa1n d -

sio-n a the TYPE 1401 Standard Air 

Capacitor , consi ting of interl aved 

stack of aluminum plat . Each set of 
plates is insulated from the supporting 
casting and fram , and the coaxial 
t rminals are provided so that com­

pl t ly hielded connections can be 
made. 

For low capacitance values higher ac­
curacy is possibl with the hr -termi­

nal construction han with two-termi�1al 

typ , ince there i no connection un­

certain y . 1 While in the two- erminal 
TYPE 1401 there is a progre iv ly in­

creasing uncertainty b lo\V 1000 pf, the 
inh rent accuracy of any thr -t rminal 

capacitor u h a th TYPE 1403 is 
independent of th capa ·itance value. 
(The r du ed spec ification accurac. of 

the 0.01-pf unit reflects curren limita­

tion in rnea urement accuracy. ) 

At extremely low value of capa i­
tance, the convent ional plate con tru -

1 ion become quit impractical. For 

the e value (TYPE 1403-I�, - -R 
we have adopted an " aperture " type of 

lJohn F. Hersh, " lose .;,ook at Conn«:ction E�rorR in 
Capacitance iV[easur01nent. ' Ge11eral Radw E:i::per111U!nter, 
33, 7, July, 1959. 
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d ign similar in principle to those sug­

gested b Moon 2 Zickn r, 
3 

and others. 

In this type of ca pa i tor, the two elec­

trode are isolated from ach oth r by a 

grounded plate between them. The 

shielding provid d by this plate can 

easily b made uffici n ly good to make 

the leakage bet' een the active elec­

trod s substantially zero. The capaci­

tance betwe n the electrodes is then 

determin d sol ly by an ap rture in the 

grounded plat , the magnitude of the 
capacitance being e tablished by the 

ar a of the opening and the spacing 

betwe n th a iv plate . 

Th eff tive area of the aperture is 

somewhat les than that d termined by 

it diameter. Thi r <luc.:tion of effe ·tive 

area can properly be described a 

"n gative fringing" of th ele tri field, 
and th (nega iv ) in rement of apac1-
tance which is contributed can be 

described as "negative edge capaci­

tance." The ituation i roughly illu -
21\Ioon and ,"parks. NBS J. Research, 41, 497-S07 (194 ) . 
3Q. Zickner, Elek . •  Vachr.-Tech., 7. 443-44 (1930). 

Z. anyew Phys.,%, 187 (1956). 

I I I 
I I I 
I / I 
I (( 
I \ \ 
I I ' 
I I \ 

\ I I 
\ \ I 
\ I I 
>)I 

I/ I 
I I I 

I I : 

Figure 3. Sketch illustrating negative fringing. 

8 

trat d in Figur 3 u ing the classical 

lin -of-force cone pt. 
Since there i no olid dielectric in the 

direct capacitance fi Id, the lo ses in 

these capacitor are very low. The ob-

rved di ipa ion factor is 10 micro­

radians or 1 s (which is clo e to the 

limit of present measur ment ac uracy) 

and presumably ari e from los e in air 

and at the int rface between the air and 

th urface of the metal plate . Th 

lo ses in th " dg capacitance," which 

in nearly all a c are notic ably higher 

than those in the dire t capacitance, are 

in this design a part of the ground ca­

pacitance. Thu· the d ired direct ca­

pacitance i fre of the losses which 

o ur at the edge of metal plate from 

the increased field concentra ion at tho 

edges. 

SPECIFICATIONS 

Terminals: TYPE 874 Coaxial Con.nc tor;:; for 
complete shielding of lead·. 

Accessories Supplied: Two TYPE 874-C58 Cable 
Conn ctors. 

Direct Adjustment 

Calibration: A c rtificatc of calibration i up­
plicd with each unit. 

Dimensions: % (dia.) by 4U inche , over-n.11. 
Net Weight: On p und. 

Dissipation 
Type Capacitance Accuracy Max. Volts Factor Code Word Price 

1403- A 1000 µµ.f 700 10 x 10-6 DAB DY $60.00 
1403-D 100 µµ.f 1500 10 x lQ-G DAIRY 55.00 
1403-G 10 µµf 1500 10 x lQ-G DA.'HY 48.00 
1403-K 1.0 µµf 1500 10 x 10-6 DA.1' . [ 45 .00 
1403-N 0.1 µµf 1500 10 x 10-6 DA NT 45.00 
1403-R 0.01 µµf 1500 10 x 10-6 DAVIT 45.00 

ADJUSTABLE CAPACITORS 

Two new adjustable Pre i ion Capaci­

tors have be n added to th \vell-es­

tabli hed and widely accepted TYPE 722 

erie . A two-sec ion unit, the TYPE 
722-CD, ha full- al ranges of 1 1  pf 

and 1.1 pf; a single- ection unit, TYPE 

www.americanradiohistory.com
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722-CC, has a full-scale range of 110 pf. 
These n w models, together with the 
TYPE 722-CB (1100 pf) announced 
earlier,4 provide a 1000-to-1 range of 

full-._ ·al e  values now available for three­
terminal capacitance measurements. 

Externally the three apa itors are 

nlik and, ex ept for the coaxi 1 ter­
minals , imilar to other units of the 722 
line . Internally, however , the new models 

Fig ure 4. Panel view of the Type 722-CD Precision 
Capacitor. 

differ radically in design from the con­
Yen tional rotor and stator structure of 

the TYPE 722-CB. 
rrwo sets of stator plat s, insulated 

from each oth r and from the upporting 

rods , are interlea ed in a stack much 
after the manner of a fixed air capa jtor. 

A ground plane interpo d b tween 

plat s shields the two sets of plates 
fr01n each other, except for an annular 

nperture3 in the ground p late , which 
provides the controll ed direct capaci­

tanc between stator plates . The ground 

plane consists of two parts, one a fixed 

plate mounted to and connected to the 
3Loc. cit. 
4Jvan G. Easton, "A Three-Terminal Preci ion Capaci­
tor," General Radio Experimenter, 32, 17, October, 1958. 

AU GU ST - SEPTEM BER, 1959 

same ro ls which support the stators, the 
other a circular rotor plate which ro­

tates in the ame plane a the fixed 

ground plate. The arrangement of 

the various plates is depicted in Fig­

ure 5. 

The gap be ween the two portions of 

the ground plane i so small tha the 

leakage capacitance through it is neg­
ligible compared to the desired direct 

capacitance. Fur hermore, any leakage 

is constant with rotation. 

'Vhcn the annular aperture shown in 

Figure 5 is rotated into the stator stack, 

he direct capacitance varies linearly 
w:ii.h the ano-Ie of rotati n. Capacitors of 

thi d ·ign po inh ren tly a high de­

gree of linearit. . The incr m n t of ca­
pacitance per unit of angular rotation 

dep nd ol 1 on the pacing b w en 

ator plat s and he two radii of the 
annular ap r u-e. The location of the 

rotor plat in the gap , the cone ntricity 
of the rotor shaf relative to the stator 
plat s, and the dimen ions of all plates 

are but ome of the factors which are of 

fir t-order impor tance in conventional 

con truction , but only of s� ·ond-order 
importan ·e in the aperture type of 
capacitor. 

Figure 5. Sketch :ohowing the arrangement of plates 
in the 3-terminal Variable Preci.sion Capacitor. 
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For a given spacing b ween plates, 

the apertur -type capa i or can yield 

a maximum of only one-quarter as much 
capacitance in a given volume, even with 

zero thickness rotor plat ince alt r­

nate gaps are, in effect, in series rather 
than in parallel. A furth r reduction oc­

cur b cause the aperture is of nece sity 
smaller in area than a full rotor plate 

used in the conventional manner. As a 
result, the maximum available apaci­

tance in a TYPE 722 frame is about 

100 pf. Dielectric lo s at the plate sur­

face i minimized by the use of nickel­

plated brass plat 

Th t rmina1-to-ground capacitances 
of these new capacitors are drasti ·ally 

different in magnitude and variation 
from those usually encountered. In the 

pr viou ly announced TYPE 722-CB, for 
instance, the capacitance of tator to 
ground is about 20 pf and sub tantially 

independent of rotor etting. The capac­

itan e of rotor to ground, of course, is 
a function of se ting, varying (for ex­

ample) from 33 pf to 37 pf. Whereas 
these values are small relative to the 

10 

Figure 6. Interior 
view of the Type 
722-CD Precision 

Capacitor. 

direct capacitance, in the TYPES 722-CC 
and -CD th t rminal capa itance arc 
inherently larger by a ub ·tantial fact r 

than the direct capa itan e. As th 

aperture is rotated out of the gap, th 
capacitance between plate is tran -

f erred to ground. Thus both terminal 

capacitance vary with setting. The 'e 

capacitor , therefore, are not suitable 
for two-terminal u e. Moreov r, they 
can produ e mi leading re ults in three­

terminal network unless the effective 

impedances of the circui from both rotor 
and stator to ground are low. Subj c 

to thi limitation th e new capacitor 
should prove th mselve u eful in a wide 

variety of three-terminal measurement 

applications. 

- IVAN G. EASTO:-.r 

The suggestion for and preliminary 

d ign of, th ap rture type cap a it rs 
was contributed by Dudley H. Chute. 

P. IC. 1\1 Elroy and th author col­

laborated with Mr. Chute in evolving 

the final de igns. 
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1 1  A U G U S T - S E P T E M B E R ,  1 9 5 9  � 
SP EC IF IC ATIONS 

Capacitanc.e Ra n g e  

Capacitance Direct-Reading 
Type Range, pf A ccuracy 

7 2 2-CC 5 to 1 1 0 ±0.2 pf 

7 2 2-CD 
{ 0.5 to 1 1  ±0.04 pf 

0.05 to 1 . 1  ± 0 . 008 pf 

Correct i o n  Chart: A correction chart is supplied 
giving corr ctions at multiples of 1 0, 1 , or 0 . 1  
pf, d p n ding on the total capacitance of the 

A pprox. Cap. 
at Zero Scale 

Setting 

0 

0 

A pproximate 
Terminal,-to-Gro und 

Capacitances, pf 
High Lo w 

600-900 600-900 

75- 1 00 
24-26 

90- 1 1 0  
90- 1 20 

capacitor. Accuracies obtainable through the 
use of these chart are a follows : 

Accuracy after correction is applied 
Type Range, pf Total Capacitance Capacitance Differences 

722-CC 5 to 1 1 0 ±0. 1 0 or ±0.0 pf * ±0. 1 6  pf 

±0.04 pf 
±0.006 pf 

7 2 2-CD 

*'liVh ichever is greater. 

{ 0 . 5  to l l  
0.05 to 1 . 1  

Worm Correction Ca l i bration: Corrections for the 
slight residual eccentricity of the worm drive 
can be uppli d for all mod 1 at an xtra charge 
indicated in the price list. Mounted charts are 

± 0.02 pf 
±0.003 pf 

suppl ied, which give the corrections to at least 
one more figure than the guarante d accuracie , 
whi h are stat d below : 

Type Range, pf 
A ccuracy after worm correction i applied 

Total Capacitance Capacitance Dijf erences 

722-CC 

722-CD 

5 to l l O  
{ 0 . 5  to 1 1  

0.05 to 1 . 1  

±0. l % o r  ±0 .02 pf * 

±0. l % or ±0.004 pf * 

±0. l % or ±0.00 1  pf * 

± 0 . 1 % or ± 0 . 04 pf* 

± 0 .  l � or ±0.008 pf* 
± 0. 1 0 or ±0.002 pf* 

•Wh ichever is greater. 

Max i m u m  Voltage: All models, 1 000 volts, peak . 
Tem perature Coefficient of Capacitance: Approxi­
mately + 0. 002% per degree Centigrade, for 
small t m perature change . 

Boc klash: Less than one-half divi ion, corre­
sponding to 0 . 0 1  % of full-s ·ale value. If t he 
de ir d setting is always approached in the 
direction of increa ing scale reading, no error 
from this caus will re ult. 

Term i nals: TYPE 874 Coaxial Conn ors. 

Type 

722-CC 
722-CD 

Prec i s i o n  Capacitor . . . • • • • • . . . .  
Prec i s i o n  C a pacitor . . . • • • • • • . . .  

Accessories Supplied: 2 TYPE 87 4-C5 
Connector . 

Cable 

M o u n t i n g :  The capacit r is m unted o n  an 
al um inum pan 1 fini h d in crackle and en­
clo d in a shield d hardwood cabin t. A 
wooden storage case wi h arrying handle i 
suppli d (weight 9 �  pound ) .  

D i m en s i o n s :  Panel , 8 x 97$ in h s ;  d pth, 87$ 
inches. 

Net Weight 

1 2 % pounds 
l O Yz  pounds 

Code Word 

HAOS 
CO FIN 

Price 

$ 2 6 5 . 00 
265 .00 

W ORM- CORREC TION CALIB RAT ION 
Capacitor 

Type Code Word * Price 

.722-CC 
722-CD I Worm Correctio n .  • • • • • • • . . . . . . . . . . . . . . . . . . . . • I Worm Correction . . . • . . • • . . . . • • . • . . . . . . . • • • . •  , 

WORM Y 
WORM Y 

$ S S.00 
165.00 

'"When ordering capac itor with worm correct ion, use compound code word, CHAO 'VOR M Y ,  COFTNWORM Y ,  etc. 
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