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Anyone who ha been forcibly made 

aware of the vagaries and inaccuracies 

of gasoline gao-e indicator by running 

out of o-as in some remote spot in his 

car will have no difficulty in under

standing why aircraft fuel gages have 

been made more accurate, even at the 

cost of con iderable complication. For 

th motorist, running out of gas i at 

mo an in corn·enience, rarely a matter 

of life and death as it could be to the 

flier. 

-ntil 1943, most airplanes made use 

of float-type fuel rrages. 1 A fl.oat in 

ea h tank actuated a rheostat, and a 

meter, indi ·ating the · U"rent traver ing 

th rheostat had a dial calibrated in 

amount of fuel. While i \\·as po ible 

to totalize the fuel in everal tanks and 

do other de irable operations with a 

1 Some vertical-tube sight gages >Yere also used but were 
not satisfactory under flight conditions. 

Figure 1. View of the Type P-579 Field Variable 

Capacitance Tester, mounted in its transit case. 

float-type s stem the me hod suffered 

for lack of :flexibility and never remo ely 

approached the accuracy and durability 

of a capacitance null-type device. 

Despite all these disadvantarres , the 
float-type fuel gages went unchallenged 

for a couple of decades. Finally, during 

World War II, capaci ance-type in

di ating equipment fir appeared. The 

early v r ion showed improved flexi

bility o er float-type sy t ms but still 

made use of a quan ity-indicating me

ter. The final devisin g of a null-balanced 

capacitance-type fuel gage using a 
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servo-balanced 400-cycle bridge intro

du ed a system having both the accu
racy and flexibility of those at present 
in use, manufactured by four firms, 

namely, Avien, Liquidometer, Minne

apolis-Honeywell, and Simmonds Aer

ocessones. 
As an example, Figure 2 illustrates 

schematically the self-balancing bridge 

circuit basic to the Minneapolis-Honey

well product. This system was devel

oped in 1944 by Minneapolis-I-Ioney

well Regulator Company. One can see 

in this figure portions of the circuit 
essential to this article, namely, the 

TANK UN IT, the EMPTY ADJUST 

and FULL ADJU T potentiometers, 

and the D IAL. Necessarily, the D IAL 
must be made to read properly at 
both ends of its scale. To bring this 

about, the EMPTY ADJUST poten
tiometer is set to DIAL zero when the 

TANK UNIT is replaced by a capaci

tance of proper value for empty tank. 

With full tank simulating capacitance 
in place of TANK UN IT, FULL AD

JU T potentiometer is set to make 

DIAL read proper maximum. 
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An inaccurate system does not de

mand very much of its te ting equip

ment. With an accurate system, of 

course, the converse is true. If the 

system's inherent accuracy is to be 
realized, it must be very carefully in
stalled and adju ted in each airplane. 

Minneapolis-Honeywell early recognized 

the need, both military and commercial, 

for precise equipment to use in lining 

up their fuel gage quipment, both at 
time of in tallation and for routine 

maintenance purposes. It is obvious to 

even the mo t casual ob erver that it is 
impractical to se the F ULL and 

EMPTY position of the indicator by 
repetitively filling and emptying the 

various tanks involved. 

The logical alternative was to pro

vide standard capacitors which would 

simulate the EMPTY and F ULL ca

pacitances of the sensing units in the 

tanks. Since these capacitance values 

might be different for each tank, the 

number of different apa itance stand

ards required could be enormous and 
continually growing. This could be 

avoided by the use of an adjustable 

capacitor, if one could be obtained hav
ing accuracy sufficient for the job. 

It was a this point that the collabo

ration between Minneapolis-Honeywell 

and General Radio began on the devel

opment of what ultimately became the 
TYPE 0-3 Field Variable Capacitance 

Tester, which is described in pecifica

tion MIL-T-59 11A. A TYPE 722 a

pacitor with appropriate modifications 

would mee requirement nicely. Figure 
3 illustra es the part which were manu

factured by General Radio for inclu ion 

by Minneapolis-Honeywell in their I-IT-
109 Tester, a device meeting the re

quirements for the 0-3. Included are 

Figure 2. Schematic diagram of the capacitance 
null-type fuel gage, employing a self-balancing 

bridge. (Minneo polis-Honeywell) 
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three-terminal capacitors, variable and 

fixed, and a three-terminal connector 

accepting the plug-in range-extending 

fixed mica capacitors. 

Eventually other manufacturers of 

0-3 Testers of their own designs were 

supplied variable and fixed capacitors 

and three-terminal connectors by Gen

eral Radio. The e included The Jackson 

Electrical Instrument Company and 

Monument Engineering Company. 

A experien e with the TYPE 0-3 

Testers slowly piled up, it became ap

parent that some changes could be made 

which would improve the convenience 

of use. One of these changes consisted 

of eliminating the loose external plug-in 

range-extending capacitors and su bsti

tuting for them switched capacitors 

within the instrument. Some of the 0-3 

types had this feature. The other desir

able change was to substitute coaxial 

connectors for the three-binding-post 

arrangement. By maintaining the co

axial shielding unbroken, measurement 

errors and inconsi tencies could be 

avoided. This change never appeared 

on the 0-3, but became a feature of its 

successor, the MD-1. 
A more cogent reason appeared for 

obsoleting the 0-3, namely, the ubiquity 

of the jet plane. Practically every mili

tary base would have to service such 

planes with their more complicated 

fuel-indicating systems. 

vVhy must they be more complex? 

Because jet fuel indica ions in the 

older, simple systems are dependent on 

both fuel composition and tempera ure. 

Aviation gasoline, for recipro ating en

gine craft, gives quantity indi ations 

(in pounds rather than gallons) essen

tially independent of source and temper-

Figure 3. Elements supplied by the General Radio 
Company for the 0-3 Tester built by Minneapolis

Honeywell Regulator Company. 
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ature. Its composition, and conse

quently its dielectric constant, are es

sentially uniform from refinery to re

finery. It happens that the expan ion in 

volume on hea ing is just balanced by 

the reduction in dielectric constant. 

Thus a given weight of fuel gives the 

same capacitance in the tank sensing 

element and hence the same dial read

ing, almost regardless of the temper

ature. 

Jet fuel on the other hand, is not 

a homogeneous, approximately single 

chemical compound but almost any 
sort of a mixture within a wide range of 

hydrocarbon combustibles, depending 

on where and when it was refined. It 

exhibits relatively broad variations in 

dielectric constant and density. Jet 

fuel indications with simple systems, 

there£ ore, had appreciable compositi n 

and temperature variations. Hence jet 

fuel systems had to include an added 

fixed sensing element in the bottom of 

each tank to introduce an appropriate 

correction into the bridge circuit of the 

indicator. This meant that another pre

c1 ion variable capacitor would be 

needed in the tester, since the system 

during calibration could indi ate and be 

adjusted properly only if it had attached 

to it simulating capacitors for both 

sensing and compen ating units. 

This, then, brings us to the TYPE 

MD- 1 Field Variable Capacitance Tes

ter, described in specification MIL-T-
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Figure 4. Conne ctors supplied with the Type P-579 
Tester for connecting it to the many types of fue l 

goges now in use . 

8579, which wa prepared at the W1ight 

Air Development ent r of the ir Re

search and Development ommand. 

Its es ntial diff ren e from one or 

more of the pr de e or 0-3 Testers 

were: first, th add d variable capaci
tor; s cond, th internally ·witched 

range- xtending capacitors; and third, 
the three mutually differ nt Minn apo

lis-Honey\vell coaxial connector . ver 
the past several year , eneral Radio 

developed the new preci i n apacitor 

which had to be direc reading (that i. 
linear) down to lOµµf and, following 

the completion of that developmen , 

built and ubmitted samples of an 

MD-1 to l\1IL-T- 579 for qualification 

te. ting. Follo\\·ing ompletion of qualifi-

ation te ts lat in pt ml r of 1954, 
production wa immediately expedit d 

so that early hipment ould be made 

to meet the urgent need of a number 

of the air-frame manufacturer . 

Thi· in trument, known a General 

Radio TYPE P-579 Field Variable apac 
itan e Te ter and illu trated in igure 
1, contair , in addition o what has 

been men ioned before a number of 

cable and tee adapter illu. tr t d in 

Figur 4, to enabl it to b onn ct d 
f r m  asurement purp e to any of the 

exi tinrr fuel o-aa- y t m in militarv 

plan now flying. The capa itor ar 

mounted in a moi ture-re i tant alumi

num case having a removable desiccant 

cartridge and this ase i shockmounted 

in ide a transit ca . The tran ·it a e 

also of aluminum, ontain a ompart

m nt for towirw the cable and n the 

lid a hold r into whi 'h i lipped the 
correction hart for the apa itor 

laminated in 40-rnil-thick clear pla tic. 
It i. expe ted that T'YPE P-579 

'I'e t r will be in stock for prompt 

hipment by about the middle of Sep
tember 1955. Th ey will be a ailabl for 

cmnmercial or militar u ·e, and an b 

supplied with or ' ithout G vernment 

in p cti n a our plant. D tailed peci

fica tion of th quipment "hi h are 

quit 1 no-thy may be obtained upon 

r qu t. They indicate the perf ormanc 

f the vari u apaci or includ d and 

de rib the environmental and other 

tests which the produ t "·ill m 
- I . l{. M ELROY 

MORE NEW COAXIAL PARTS 

In addition to the n w Type 74 

Coaxial Elem nt de ribed in the Au-

RIGID -LINE 

A Im�:-reflection adaptor from TYPE 7 4 
Conne tors to Ys" 50.0-ohm HF Rigid Air 
Line and an adaptor to 1 %" 50.0-ohm HF 
Rigid Air Line are now available. The VSWR 
of pair of the units are hmvn in Figure 7. 
Th se adaptors pr vi le low-rnfiection means of 
making connection to the newer 50.0-ohm 

gu t i sue of th Exp nm n er the 

following item are now available. 

ADAPTORS 

u-h-f line . 'Ihe u-h-f adaptors are fitted with a 
flang and an an hor terminal assembly con
taining a T flan bead as shown in Figure . 
With thesP adaptors and GR coaxial mea uring 
equipment, many types of measur ment in-

luding the determination of v ry low tanding
wav ratios, can he made on rigid-line cir uits. 
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Figure 8. Type 874-QU 1 and QU2 Adaptors. 
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Figure 7. A plot of the VSWR as a function of 
freque ncy of pairs of adaptors from Type 874 
Conne ctors to various size s of 50.0 -0hm UHF 

Rigid Transmission Line . 

SPECIFICATIONS 
874-QUI 
For use with: Ys" 50.0-ohm UHF rigid transmi -

sion Jine. 
VSWR: le than 1.0;3 to 1000 ::.\Jc., I SS than 

LOG to :>OOO Mc. 
Net Weight: 8 ounces. 

'Type 

874-Q" 2 
For use with:15il " 5 . 0- hn1 UHF rigid trans

mi i n line. 
VSWR: le s than 1.03 to 1000 Mc., le han 

1.0 to 2500 :.\le _ 

Net We ight: 1 pound, 5 ounc s. 

ode TVord Price 

874-QU 1 
874-QU2 

Adaptor to 'l's", 50-ohm, UHF Line . • • . . • . • . .  

Adaptor to 1 o/a", 50-ohm, UHF Line . . . . • • • • •  

COAXYUMBER 
C AXYU UER 

$21.0 0 
46.0 0 

NEW PANEL CONNECTORS 

ne\'\-" t:q> of panel onn ctor is now avail
able which mount on th panel b:v means of 
four screw . Th nn ctor can be installed 
closce together and are n1or easil · r moved 
than the older typ . 

Panel con nect r whi h m unts -..yith four 4--40 
screws, 1:3/16 apart. iz f flange is 1 5/ 1 6  
square. Ys" dia1n t r hole i n  panel r quired. 
Can be mounted either in front of or b hind 
panel. Availahle to fit ables as how n in Table 
I. ='\ t \Yeight: 2 ounces. 

CABLE CONNECTOR FOR RG-9/U CABLE 

In re ponse to cust n1 r r que t , a cable 
·onn tor for u e with TYPE RG-9 I Cable i 

Figure 9. 874-PB 
Panel Connector. 

now available. Thi connector can b supplied 
for mounting on th fr nds of cabJes or on 
eith r the old or new type of pan L m untings. 
Table I sho"- mos of the C'ables which n be 
used with the TYPE 7 + 11.bl Conn ctors now 
available. Armor d cab ]c can al o h used 
with the conn ·tor , but no pr vision is made 
for an · horin g th arn1 r. :>: t \Y ight: 2 ounc s. 

TABLE I 
Panel C'onneclor 

Type 

874-PB 
874-PB8 

874-PB9 
874-PB58 

874-PB62 

able onneclor 
Type 

874-C 
874-C8 

874-C9 
874-C58 

874-C62 

U. . Patent o. 2,548, 57 

Cable Type 
l.Iatched 

874-A2 
RG-8/U 

RG-9/U,-87 A/U,-116/U 
RG-29 /U,-SS/U,-58/U, 
-141/U,-1 42/U 

nmatch d 

RG-7/U 
RG-11 /U,-63/U, 
-114/U,-1 33/U,-1 44/U 

RG-59/U,-62/U,-71 /U, 
-140/U 
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Type Code Word Price 

874-PB 
874-PBS 
874-P89 
874-PB58 
874-PB62 

P anel Connector . • . • . . • . . . . . . . . . . . . . . . . . . .  

Panel Conne ctor . . . . . . . . . . . . . . . . . • . . . . . . • .  

Panel Connector • . • . . . • . • . . • • . . • . . . . . • . . . .  

Pane l Conne ctor . . • • . . • • . • • . . . . . . . . . . . . . . .  

Panel Conne ctor . . . • • . . • . • . . . . . . . . . • . . . . . •  

c AXAPPLER 

COAXBATHER 

COAXCANKER 

COAXABATER 

COAXBARKER 

$2.50 
2.50 
2.50 
2.50 
2.50 

Type Code TVord Price 

874-C 
874-C8 
874-C9 
874-C58 
874-C62 

Cable Connector ...•..... . ...•••••••.••.•• 
Cable Conne ctor • • . • . • • . • . . • . . • • . • . • • . . . . •  

Cable Conne ctor . . . . . . . . . . . . . • • • • . • . . • . • • .  

Cable Conne ctor . • • . . • . . . . . . . . . . . • . . . . . . • •  

Cable Conne ctor ..•.••••••••••••.•.•..•.. •  

COAXCABLER 

COAXCORDER 

COAXCAM !(ER 

OAXCALLER 

OAXCA "DER 

$ 1.70 
1.70 
1.70 
1.70 
1.70 

I MPRO V ED UNIT CRYS T AL OS CILL ATOR 

N OW AV AIL ABLE 

The TYPE 1213-A Unit Cry tal Os

cillat r 1 is a compact and inexpen iv 

instrum nt providing frequency mark

ers at 1 Mc, 100 kc and 10 kc intervals 

up to relatively high fr quencie . The 

original de ign has now been ligh ly 
modifi d to improve performance with 

respect to line voltage fluctua ion and 

to increa e th amplitude of the 1-Mc 

harmonics above 500 M . The improved 

in trument is de ignated a the TYPE 

1213- B Unit Crystal Oscillator. 

In th original de ign, the panel fre

quency- etting adju tmen was a ca

pacitor in serie with the cry tal with 

the rotor off around. Thi onnection 

cau ed a mall change in frequency 

when a m tal crewdriver ' as touch d 

to thi adju tment for ting the cry tal 

frequency, thus making a diffi ult ta k 

of set ing to W W V  with high pre ision. 

In the modified design, the apa itor in 

eri s with the crystal is retained a a 

coar e adju tment while the pan l on

trol une the plat ir ·uit of the er y tal 

oscillator stage th u gi vii g a fin fre
quency adjustment with a grounded 

rotor. 
Vol age regulation has been added 

to the o illator tage in the form of a 

pair of gas r gula or tube . The locking 
range of the 100-k multivibrator ha 

b en increa ed by a change in the value 

of the grid re i t r and by in rea ed 

coupling to th os illator. The addition 

of voltage regulation to the o cillator 

minimizes frequency change wh n th 

mul ivibrators are switched on. The 

amplitude of the 1-l\!Ic harmonic above 

500 Mc ha been made more uniform by 

a different value of the coupling apaci

tor and th addition of a damping re-

i tor. The price paid for thi improv -

ment in the u-h-f range is a decrea e in 

1 Robert B. Richmond, ''The Uni Cry tal 0 cillator. A 
implified Frequency tanda1·d for the mall Labora

tory", General Hadio E:i;perimrnter, XXVI. 9, February, 
I 952, pp. 1-4. 

Figure 1. View of the Type 1213-AB Unit Crystal 

Oscillator with the Type 1203-A Unit Powe r 
Supply. 
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output voltage at lower frcquen i 

All n w orders for the TYPE 1213-

will receive deJivery of the improv d 

TYPE 1213-AB at no i11crea in pric . 

or tho cu tomer , who already own 

a TYPE 1213- , th improved p rform

an e an be obtained by th purcha e 

and in talla ion f a modification kit 

availabl for a nominal harge fro:m the 

rvice Depar ment. 

Like other General Radio nit In-

SE PTEM B ER 195 5 

truments the Unit Crystal 0 illator 
combin mall size and low-pri e wi 

unu ually good p rf ormance and wide 

utility. In addition to it many u e as 

a calibrator and marker generat r in 

the labora ory it an, in onjun tion 

w· h the TYPE 1202-A nit Vibrator 

Power Supply 2 b operated from a 

torage batt ry for field mea ur ment . 

2 Bou quet. A. G., "The nit Vibrator Pow r upply" 
General Radio Experiment r, XXIX, 9, February, 1955, 
pp. 6-7 

PH ASE MONITORI NG SYS T E M  

By�. A. 

An intere ting problem of continu
ou ly che king he pha e of a u tamer 

o·enerating tation against the pha e of 

the tand-by power-main from the 

ommonwealth Edi on Company f 
hicago was solved through the u of 

the phase shifting apabilitie of the 

Variac autotran form r when connec ed 

to a three-phase circuit. 

The appli ation i a pha e monitoring 

heme ' hi h automa ically p n a 

u torner' generating ta ion bu ie 

breaker o he ommonwealth Edi on 

ompany ystem when the two sy tern 

drop out of pha for any reason. 

At the cu tamer generating tation 

a ynchroni m- heck relay on inu

ously c mpar the phas a1 gle b tw n 

COMMONWEAL TH EDISON 

POWER GENERATING 

LSO :r* 

the customer' voltage and the om

rnm wealth Edison v lta e. The two 

vol age sour are approximately ten 

mil from each other, and their c m
pari on is pos ible ia leased Illin i 

Bell Telephone Company ircui . If the 
pha e angle between the wo sy em 

exc ds approxima ly five degr for 

a sh r tim , the syn hroni m-che k 

r lay v ill operate to parate h two 

sy t m .  

11 con rol equ1pm nt i owned by 

the cu tomer. 

Th circuit, hown belo\ , contain 

three TYPE V-2 Variacs and a yn

chroni m- heck relay. The distant ref

erence voltage from the Commonweal h 

4' Planning Engineering, Commonwealth Edison 01npany 

CUSTOMER 
GENERATING 

STATIO N 

F u n c t i o n a l  d i a
gra rri of the cir
c u i t  u s e d f o r 
phase monito r-

STATION 

���P_o_w_E_R�_M_A_• N��---i( �--��-----���-��! 
/ 

I 
I 

l 
A 

ing. 

TELEPHONE 
LINE 

c 

TYPE V-2 

TYPE V-2 

r---,-,, 
-=--�-----<>----A I I.---+'---� I j 

I 
I 
I 
I 

VARIAC•I !SYNCHRONISM I 
(CHECK RELAY I 
L _____ J 

VARIAC *-2 

.....r!m!R:ilf"'---c..,__-- B 

v'ARIAC •3 
TYPE V-2 

PHASE SHIFTIN C 
NETWORK 
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Edison Company is fed into Varia #1. 

The purpose of this Variac ] · to com

pen ate for any normal oltage drop in 

the lea. ed Illinois B 11 Telephone Com
pany circuit. Yariac #2 i u d o boost 

the voltage from the phase ·hifting cir

cuit, and Y aria #3 is u ed in the phase 

shifting portion of the circuit. 

Phas angle b t\\·een the two systems 

is compared in the synchronism-check 

relay which open it conta ts o "break 

parallel ' when the two systems differ 

by a predetermin d angle. 

The scheme is placed in operation by 

adj us ing the voltage of the leased cir

cuit with Variac #1 and adju ting th

pha e and voltage of the cu tom r' 

sy t m \vith Variacs #2 and #3. Any 

change in pha oc urring aft r the 

s heme is in operation causes the relay 

to operate and op n the cu tomer's 
parall ling ti break r between the 

cu torner and the utility company. It 

is then th u tomer's responsibility to 

recheck the phase to determine whether 

th two yst m ar in phase, prior to 

reclosing of the ie breaker and parallel

ing th syst ms. 

CORRE CTIO N-TY PE 1219-A U NIT PULSE 

A M PLIFIER 

In the July i sue, the power supply 

input requirements for thi amplifier 

were given as 102-125 volts, 50 to 60 

cycle . The correct stat men is 105 to 
125 (or 210 to 250) volts, 50 to 60 

cycles. 

COME TO THE NATIONAL ELECTRONICS CONFERENCE 

Hotel Sherman, Chicago - October 3-5 
Drop in at Booth� 98 and 99 to see the new in strum en ts you hav been reading 
ahou l in Lhe Experimenter: - Sweep Drive Motor-Driven Slott: d Line, 
900-2000 l\1c nit OsciJlator, R-F B1·idge, Z-Y Bridg , Unit R-C OsciJJator, 
Unit PuJse An1plifier - all of the wiJl be on display and in operation. 

GENERAL RADIO COMPANY 
2 7 5  M A S S A C HU SETTS AVENUE 

CAM B RIDGE 39 MASSA C HU SETTS 

TEL EPHO N E: T R o w b r i d g e  6 -44 0 0 

BRANCH ENGI NEERI NG OFFICES 
NEW YORK 6, NEW YORK 

9 0 W E S T S T R EE T 
T E L .-WOr'h 4-2722 

LOS ANGELES 38, CALIFORNIA 

1000 NORTH SE WARD STREET 
TEL.-HOllywood 9-6201 

CHICAGO S, JLLINOIS 

9 2 0 S 0 UT H M I C H I G A N A V E N U E 

T EL.-WAbash 2-3820 

PHILADELPHIA OFFICE 

1150 YORK ROAD 

ABINGTON, PENNSYLVANIA 

TEL.-HAncock 4-7419 

REPAIR SERVICES 

SILVER SPRING, MARYLAND 

8055 13TH STREET 

TEL .-JU niper 5-1088 

WEST C O AST C A N AD A 

W E S T E R N I N S TR U M E N T C O. B A Y L Y E N G I N E E R IN G , L T D 

826 NORTH VICTORY BOU LEVARD FIRST STREET 

BURBANK, CALIFORNIA AJAX, ONTARIO 

TEL.-Vlctoria 9-3013 TEL.-Toronto EMpire 8-6866 
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