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OS CIL LATOR 

eTHE ELECT RO- M ECHANICAL 

0 S C I L L A T 0 R , whose frequency is con
trolled by a ·tuning fork, has m.a:ny uses in 
electri al com.m.un.ications. The TYPE 813 
Oscillator and its predeces or the TYPE 213 
have been u ed, for in tance, as power 
sources for bridge measurements and for 
tran mission measurements on lines and 
cables, as modulating sources for te t oscil
lators and radio-bea on tran mitters, and as 
test-tone sources for comm.unicationsystems. 

For applications where a constant-frequency audio oscillator is needed 
for permanent installation in other equipment or circuits, the tu.nin.g
fork type is usually the m.ost economical. 

The TYPE 813 Oscillator, like i-ts predecessor the TYPE 213, is a 
microphone-button-driven. type. For some applications, in particular 
those requirin g very low distortion, stability of o tput volta ge, or a-c 
operation, vacuum-tube drive is more sati factory. To meet these 
requirement s, the 
new TYPE 723 V ac
u u m  - Tuhe F or k., 
shown in Figure 1., 
has been designed. 
This instrument has 
extremely low dis
tor1:ion so that it can 
he used for distortion 
measureJTlents with
out additional filters, 
and i1:s output is 
much more stable 

FIGURE 1. View of the 
TYPE 723 Vacuum-Tube 
Oscillator, showing 'the 
panel. 
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FIGURE 2. Functiona] circuit diagram of the TYPE 723 Vacuum-Tube Fork. 

than -ihat of the microphone-button 
type. 

Th tuning fork it elf is identical with 
that used in the TYPE 813 Oscillator.Fig
ure 2 shows the electrical circuit. Driving 
coils L3 and L4, wound on U -shaped per
manent magnet to give a constant po
larization, are arranged along one tine of 
the fork, and similar coils Li and L2, 
facing the other tine, serve as pickup 

oils. 1A5G-t pe va uum tube pro-
vides th necessary amplification be
tw en pi kup and driving circuits. The 
output filter i in rie with the driving 
coils and feed an output transformer. A 
tapped econdary winding provides out
put impedance of 50, 500, and 5000 
ohms. 

The TYPE 723 Vacuum-Tube Fork is 
availabJe in two model , 1000 c cles and 

400 cycles, and with either of t' o types 
of power supply, batterie , or an a-c 
power pack. The a-c power unit uses 
elenium rectifier and includes a voltage 

regulator tube to minimize the effect of 
line voltage fluctuations. The two power 
supplie ar interchangeable mechani
call and mount in the os illator cabinet 
as shown in Figure 3. 

Becau e magnetic drive and pi kup 
impose comparati ely litt le restraint 
upon the vibration of the fork, the :fre
quency stability and waveform of this 
oscillator are considerably better than 
tho e of microphone-button-driven 
type , and the effective Q of the fork i 
higher. Another factor on tributing to 
low distortion is the great r degree of 
linearity obtainable in the operation of a 
va uum ube than in a microphone bu -

Fie RE 3. Views showing the power-supply compartment. 
Left, battery suppJy and, right, a-c power supply. 

www.americanradiohistory.com

www.americanradiohistory.com


ton. The output filter further reduces th 

harmonic amplitudes, so that the total 

harmonic content is less than 0.5o/c when 

the oscillator is operated into a load 
equal to or greater than the nominal out
put impedance. 

The rated output is 50 milliwatts into 

3 EXPERIMENTER 

a ma·tched resistive load. The fork, the 
tube, and the a sociated circuit elements 
are moun. ted on the under side of a 
bakelite panel. The walnut cabinet in
cludes space for the power supply. 

SPECI F IC A TIONS 

Frequency : The TYPE 723 Vacuum-Tube Fork 
is supplied for two operating frequencies, 1000 
cycles and 400 cycles. (See price list below.) 

F r e q u e n c y Stab i Ii t y : The temperature coef
ficient of frequency is approximately -0.008% 
per degree Fahrenheit. The frequency is en
tirely independent of load impedance. When 
the a-c power supply is used, an initial do"\'.vn
ward drift of frequency occurs as the temper
ature of the fork is affected by heat generated 
in the power-supply unit. The total frequency 
drift is of the order of .15 % to .2 %. Most of this 
drift, however, occurs in the first 30 minutes 
of operation. 

Ac CU racy : The frequency is adjusted to within 
±0.01 % of its specified value, at 77° Fahren
heit, using battery power upply. 

0 U t p U t: The output to a matched load is ap
proximately 50 milliwatts. 

I n t er n a I 0 u t p u t I m p e d a n c e : Output imped
ances of 50, 500, and 5000 ohms are provided. 

W av e form a n d H u m Leve I : The total har
monic content is less than 0.5 %- The hum is 
negligible. 

Te rm i n a Is : Binding !post for the output cir
cuit are mounted on the panel. Battery ter
minals are brought out to sunken screw heads on 

the panel to perm.it mea urements of the bat
tery voltages. 
Pow e r Su p p I y : The instrument is a ailahle 
for either battery operation or for operation 
from 105 to 125-volt, 50 to 60-cycle line. or 
battery operation one Burge s type 4FA (lYz 
volt) and two Burges type Z30-N (45-volt) ar 
required. The batterie and a-c power surply 
are interchangeable. The power supply, �YP 

723-Pl, is a ailable separat ly. (See price li t.) 
The 0 -OFF switch is arranged to control the 
a-c line or the battery current. 
Vacuum Tubes: 

For battery supply: 1 type 1A5G 
For a-c supply: 1 type1A5G 

1 type R-105-30 
The necessary tubes are supplied. 

Accessories Supp Ii e d : se en-foot line con
nector cord is supplied with the a-c operated 
model. 
M o u n t i n g : The oscillator as embly is mounted 
on a bakelite panel and is enclosed in a walnut 
cabinet. 
Dimensions: ( ength) 10.% X (width) 6� X 
(height) 7%: inches, over-all. 
N et Weight : 111;4 pound , including batteries; 
8 pounds 14 ounces, with a-c supply; a-c power 
supply alone, 1 � pounds. 

Type Frequency Power Supply Code Word Price 
723-A 1000 cycles Batteries SNAKE 70.00 
723-C 1000 cycles 105 to 125 volts, SOLID 90.00 

723-B 400 cycles 
50 to 60 cycles 

Batteries TORY 70.00 
723-D 400 cycle 105 to 125 volts, UL y 90.00 

723-Pl 
50 to 60 cycles 

A-C Okerated Power Supply Only ............ S AKEYBATT 22.00 
723-P2 Set of eplacement Batterie . . . . . .. .. . . . .... SNAKEYPACK 2.00 

N DT E T O  EXPEDITERS 

To insure an early reply to follow-up inquiries on undelivered orders, plea e 
state in your inquiry the order number, the date of the order, and, if space 
permits, the material ordered. This information will assist us materially in locating 
and tracing your order. 
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IMPEDANCE BRIDGES AS S EMBLED FR 0 M 

LABORATORY PARTS 

PART IV-TRANSFORMER ERRORS 

•THE IDE A L  SH IE L DE D TRANS

F 0 RM ER int rpo ed between a gener
ator and bridge would provide complete 
isolation between the two windings, ex
cept for the desired inductive coupling. 
Even in a carefull designed and con
structed transformer, howe er, there 
will be some mall residual electrostatic 
and leakage oupling be ween the wind
ing , which "1'ill introduce extraneous 
voltage into the bridge circuit. This 
type of error m.ay best be analyzed by 
considering the effect of introducing 
(acros any arm of a bridge) an external 
voltage E' in series with an imp dance 
ZT, as illu trat d in Figure 1. The equa
tion of balance for this network is 

The parameter {3 i gi en by 

where a 

( ZB) * 
{3 = 1 ±a 1 + ZA 

E' 

Eo .  ------

* 

(1) 

*These equations are strictly true only for: the case of a 
zero-impedan e gen rat r. For a generator of finite im
pedance, Equation (1) may sti ll be u�ed. hut the expression 
for {J becomes more coinplicated. 

DETECTOR 

It will be observed that the halan e 
Equation (2) is identical to that which 
would he obtained if a passive impedanc 

Zr 
equal to 

{3 
were connected in paral-

lel with ZN. This fact make it possible 
to estimate readily the effect of stray 
coupling from the voltage source to the 
bridge. 

By properly choo ing the magnitude 
and polarity of E' the expression for {3 
can be reduced to zero (for a given value 

z 
of the ratio z:). Under this condition 

no error will be caused by the presence of 
ZT, as i will effectively appear as an in
finite impedance across ZN- In Figure 3 
is pres nt d an. experimental verification 
of this fact. The observed change in 

. power-factor reading of a T E 116-A 
Capacitance Bridge is plotted against 
the computed value of the parameter {3 
for various values of E'. Theoretically, 
this plot should he a straight line, pass
ing through the origin, of slope equal to 
the coupling resistance RT- The agree
ment obtained is well within the limit of 
experimental error. 

In the practical case where E' is the 
voltage source supplying the bridge, the 
ratio a is the effective voltage ratio of the 
bridg tran form.er. Thus from the oint 
of iew of reducing the effect: of re idual 
interwinding coupling, there is an op
timum turn ratio for any given bridge. 
In general, of ourse, other con idera-

FIGURE 1. Showing an external voltage con
nected across a bridge arm through an im

pedance ZT. 
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DETECTOR 

GENERATOR 

FIGURE 2. Showing how an impedance he
'tween winding of a TYPE 578-A hieldedTrans
former gives rise t:o 'the situa'tion shown in 

Figure 1. 

tions dictate the choi e of turns ratio, 
hut it is well to eep in mind that there 
is a best choice of polarity. 

Using the TYPE 578-A Shielded Trans
former in the bridge arrangements pre
viously described, the residual coupling 
between windings effectively places a 
small capacitance (f3CT) in parallel with 

Rr 
large resistance across one of the 

{3 
capacitance arms of the bridge. 

This can he seen by comparing Fig
ures 1 and 2. With the bridge grounded 
at the junction of the capacitance arms, 
the oscillator voltage E', in series with 
Cr, Rr, is placed across the N arm. Al
though there is some coupling from the 
high side of the primary to either sec
ondary terminal, the only path shown 
·s to that terminal which is connected 
to the secondary shield. The other is 
negligible in comparison. 

F GURE 3. Plot of observed change in dissi
pa'tion fac'tor as a function of (3. The slope cor
responds 1:0 a resistance of 226 megohms. The 
measured d-c value of the coupling resistance 

used was 221 megohms. 

5 EX PERIMEN T ER 

The capacitance Cr is of the order of 
a few teffths of a micromicrofarad, while 
the d-c leakage resistance is of the order 
of 10,000 megohms or greater. In addi
tion to the d-c leakage, there is a com
ponent of resistance contributed by the 
dielectric losses associated with Cr. At 
1000 cycles this component is roughly of 
the same magnitude as the leakage re
sistance. t frequencies much below this, 
the latter component is more important, 
while at higher frequencies the dielec
tric losses in Cr become the significant 
component. 

In the previously suggested arrange
ment of the Schering circuit the Im.-

Zr 
pedance {i is placed across P, or un-

known arm of the bridge, and becomes 
part of the zero capacitance and dissi
pation factor of that arm. Since {3 varies 
with the setting of the ratio arms, how
ever, this component is not constant, and 
the value of Cs Gt and Ds Gt will not he 
the same for all settings of the ratio 

A 
arms. For large values of 

B 
a fairly 

large capacitance is added, hut in this 
case the unknown ( Cp) is large and the 
error remains negligible. 

In the series-resistance bridge as de
tSee August and Septem.ber, 1941, Experirnenten. 
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GENERAL RADIO 6 

Zr 
scribed, (3 I placed aero s the , or 

standard arm of th bridge, where it is 
completely negligible if {3 remains rea-

onably small, ince Cv = 10,000 µµ£. 
In the trem case, howev r,  of 

B 

A equal to 1000, a capacitance of the 

order of 25 µµf will he placed a ross 

1 
CN,i. e., {3=1 ± 4Cl + 1000). lthough 

sma l l  c o m p a r e d  t o  10,000 µ µf, 
this value i not negligible. But a alue 

B 
of 

A equal to 1000 corresponds to a 

capa itance in the Parm of only 10 µµf. 
Thus the error of 25 parts in 10,000 in
troduced corresponds to only a few 
hundr dths of a micromicrofar ad in the 
determination of the unknown capaci
tance. 

Simi ar argum nts' ill show that the 

Rr 
efi ct of {3 is generally negligible to 

other ource of error, a 1000 cycles. For 
extreme value of bridge arm imped
ance , ho' ever, it is well to estimate the 

Rr 
effect of {3Cr and (3 for any given meas-

urement before a tatement of accura y 
is made. 

If the voltages E' and E0 are not in 
(or 180° out of) phase the ratio a be-

come comple ". The impedance 
Zr 
{3 

is then no longer of th same character 
as Zr, and the presence of a coupling 
capacitance, which normally affe t only 
the capacitance balance, will produce a 
shift in dissipation factor balance. Sim
ilarly, a resistance coupling will affect 
the capacitan e balance. This an occur 
at higher frequ ncie , " here he leakage 
rea tance of the transformer becomes 
appreciable, producing a phase shift 
bet een input and output voltages. 

-IVA G.EATO 

MORE INFORMATION, PLEASE! 
• T I M E- -a particularly valuable com
modity to defen e indu trie - can fre
quently be saved when equipment is 
returned for r pair if an effort is made 
to supply our ervice Department with 
detailed information on the trouble e -
perienced. 

ften in trument have been returned 
with no gr ater trouble than a blown 
fu e or deteriorated vacuum tube. 0 -
ca ionally equipment ha been returned 
in first- la condition hecau e the o er
ating in truction upplied wi- h it had 
not be n followed, or po ibl were not 
fully under tood. requently what ap
pear to be un a ti factory performance 
can he traced to th e tern.al circuit with 

which the instrument is being u ed. 
The unfortunate a pect of uch ca es 

i that our tandardizing Laboratory 
must spend considerable time in check
ing the e returned in trumen t to make 
sure that there are no other ources of 
difficulty and no intermittent troubles 

hich may be lying dormant only to re
appear at th u tomer's labora-tory. If 
the e heck r eal no vidence of faulty 
operation e mu t then write the cus
tomer for information which might bet
ter ha e been furni hed earlier and 
might even ha e eliminated the ne ssity 
for returning the equipment, thereb 
saving time, in.convenience, and pense. 

en when equipment is actually in 
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need of repairs, a detailed statement of 
he trouble m.a be very helpful. Anal

ysis of this information ometim.es shows 
that the trouble is caused by a single 
defective componen:t which can be eas
ily replaced. Where tim.e is important, 
this part can be supplied to the customer 
with instructions for it in tallation in 
the in trument. If, on the other hand, 
the equipment must be returned, our 
laboratory will at least know what con
dition needs correction, and no time will 
be lost in making extra preliminary 
checks. Since repair barges depend upon 
the cost of the labor and material in
volved, a considerable saving can thus be 
made in the repair charge. 

A further advantage of the detailed 
report is that it eliminates -ihe possi
bility of our overlooking an intermi"ltent 
fault while some other defect is disco -
ered and corrected. 

The following procedure is recom
mended when trouble apparently de
velops in General Radio equipment: 

( ) Study the instruc ion book care
fully. 

(2) Ch�ck all fu es. 
(3) Check all batteries under norm.al 

load. Replace if they show less than 
rated voltages. If batteries are old, it is 
advisable to try a new set, becau e the 
internal re istance may be high enough 
to cause trouble without showing a seri
ous drop in voltage. 

FR E Q UEN C Y 
• B Y N 0 W almost everyone ha felt 
the impa t of the National Defense Pro
gram in one wa or another. For many 
manufacturers, including the General 
Radio Company, it has meant a com
plete re:urangement and expansion of 

7 EXPERIMENTER 

( 4) Ch ck all tuhe . 
(5) Check carefully the xternal ir

cuit with which it i being used, par
ticularly if he ircuit is a new one. 

If the ource of trouble cannot be lo
cated, write our Servi e D partment, 
giving the type and erial numb r of ·the 
in trumen t , a description of the exact 
nature of the defect, telling " heth r it 
de eloped suddenly or r a p riod of 
time, and a diagram of the ircuit con
n cted to it howing .omponent values 
and lo ations of grounds. When meas
uring instrument , such as bridges or 
meter , give inac urate readings, a sheet 
of ample data and a description of the 
method of mea urement should be 
given. When the in truction book gives 

everal paragraphs under the title of 
INSTALLATIO and OPERATION, 
·t :is especially helpful to de cribe the ob
served effect of carrying out the con
se utive steps in each paragraph. 

pon the receipt of this information 
the Service Depar ment will be in a po

i tion to render prompt assistance and 
can advise you at once how your service 
problem can be t be handled. 

When repair ar t b made on in
trum nts need d in he execution of a 

ational Defen e ontra t, th work can 
be greatly fa ilitated if h preference 
rating i mentione in the repair order. 

-KrPLI G An M 

MODULATION 
manufa turing fa ili-tie . Mo t of our 
plans for ne' equipm nt, e pe ially {or 
non-defen e material, ha e been com
pletely changed, and ' e are putting our 
maximum. effort into -ihe pr duction of 
urgently required d fen e upplie . 
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One of the non-defense activities that 
we have been especially loath to post
pone is the production of instrUJDents for 
broadcast frequency modulation . 

Designs had been compl ted and pro
duction was well under way for a mod
ulation monitor for FM transmi tter and 
for a standard-signal generator for FM 
broadcast receiver testing. We belie e 
that both of these instrUJDents are de
signed to cover adequately the require 

m.ents of their special fields, and under 
ordinary circumstances they would have 
been on the market some time ago. The 
manufacture of them has had to be put 
aside, at least emporarily, hut we are 
glad to say tha-t we are able still to con
tinue engineering development of im
proved circuit and method ; in the end, 
of course, we intend that the instru
ments shall he up to the minute when 
they are finally released. 

Another instrUJDent that is being de
veloped in the laboratory is a frequency 
monitor for FM, and this work will he 
continued up to the point of production 
so that we can tart it immediately 
when production facili tie are again 
available. 

These are examples of the work that is 
continuou ly going on in our labora
tories. Many of our engineers are work
ing on instruments directly connected 
with the defense program, hut a part of 
the staff is continuing the development of 
more generally useful equipment. s has 
happened before in a situation of this 
kind, the great concentrated effort on 
military equipment will result in a big 
step forward for the communications art 
in general, and all lines of radio develop
ment will eventually receive the benefits 
of the thing that are being learned in 
doing the defense job. 

- A. E. THIESSE 

ABOUT JHAT S HOTGUN S HELL 

We have received a number of comments from readers about Figure 3 of the 
article on the Microflash appearing in la t month's Experimenter. T e caption is 
undoubtedly incorrect, and the shell wa fu·ed from the right of the picture. 

T
HE General Radio EXPERIMENTER is mailed without charge each 

-month to engineers, scientists, technicians, and others interested in 

cornmunication-frequency rrteasurernent and control problems. When 

sending requests for subscriptions and address- change notices, please 
supply the following information : name, company name, company ad

dress, type of business company is engaged in, and title or position of 

individual. 

GENERAL RADIO COMPANY 

30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGI NEERI NG OFFIC ES 
90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA 
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