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ELECTRICAL COMMUNICATIONS TEC�NIQUE 
ALLIED FIELDS AND ITS APPLICATIONS IN 

A PIEZO-ELECTRIC OSCILLATOR OF 

IMPROVED STABILITY 

[]] INCE the studies of per­
formance of the TYPE 
575-A Piezo-Electric Os­
cillator described in the 

Experimenter for October and for o­
vember, 1930, increased demands have 
been made for even higher accuracies 
and higher stabilities, notably as a re-
ult of the Federal Radio Comm.i sion 

General Order No. 16 requiring 
broadcasting stations to maintain their 
frequencies within plus or minus fifty 
cycles of the assigned value. The new 
TYPE 575-D Piezo-Electric Oscillator 
described below was developed pri­
marily to serve as a frequency standard 
in conjunction with the TYPE 581-A 
Freque cy Deviation. Meter as a visual 
monitor complying with the require­
ments of the General Order. 

The rigid requirements which must 
he met by such frequency standards 
ed to investigations of various circuits 

to improve the frequency stability and 
the operating characteristics. One of 
the more serious defects of the older os­
cillators was the necessity of cal"brat-

ing the quartz plate in the oscillator 
with which it was to be used. If 
changes occurred in the circuit con­
stants due to shipment or to ageing, 
the user was not aware of these changes 
or the resulting shift in frequency. 
Further, in cases where readjustments 
or recalibrat:ion were t:o be made it 
was necessary to return not only the 
quartz plate but the entire oscillator to 
our laboratory. 

The circuit :fin.ally chosen overcomes 
most of the obj ections . A definite in­
dication of proper adjustment is pro­
vided by the plate current mete1· 
which indicat:es a minimum current 
when the ircuit is properly adjusted. 
Regardless of changes in the circuit 
constants, supply voltages, and tubes, 
adjustment of the circuit to the min­
imum plate-current point will give the 
same :frequency to within exceedingly 
small limits. 

The schematic circuit is shown in 
Figure L A screen-grid tube is em­
ployed to reduce the capacitance be­
tween control grid and plate. The 
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FIGURE 1. Functional diagram for TYPE 
575-D Piezo-Electric Oscillator 

quartz plate is connected in the plate 
circuit in series with the feed-back coil 
L1• The resistance R serves to supply 
plate voltage to the tube from the plate 
battery and also serves as a radio-fre­
quency coupling mechanism. The 
small capacitance between grid and 
plate and the resistor R serve to pre­
vent the circuit from functioning as an 
inverted crystal oscillator of the usual 
type* where feed-back is obtained in 
the inter-electrode capacitance and the 

rystal pre en.ts an inductive reaction 

of appreciable magnitude. It will be 

noticed that the current through the 
crystal is the current through the feed­

back coil L1 - consequently the crys­
tal may be thought of as con.trolling the 

oscillator by contro] of the feed-back. 

Current in R produces no feed-back. 
The performance of this oscillator is 

characterized by (1) o cillation over a 
very narrow range of adjus1:men.t of C, 
(2) very reliable oscillation when the 
condenser is adjusted to the middle of 
this range, and (3) a minimum plate 

*That i , one in which the crystal is placed 
in t;he plate circuit and the tuned element in 
1:he grid circuit. 

current indicated by the meter I when 
adjustments are properly made. 

Performance data for a representa­
tive broadcast-frequency quartz plate 
are presented below in the same form 
as the data of the article in the o­
vember, 1930, Experi1nenter. The devi­
ation resulting from changes in any 
variable, the other factors remaining 
constant is summarized below: 

Temperature Changes (Figure 2). The 
quartz plate employed was of the (''Y' 
or ''30-degree" cut having a positive 
temperature coefficient. It will be no­
ticed that for a change of ±0.1°C from 
the normal temperature of 50°C (1/5 of 
1 %) the resulting frequency change is 
within ±2.5 parts per million., whi h 
is definitely lower than for the same 
type of crystal in -i:he older circuit. 
Dotted lines indicating the range of 
±0.025° (which may be maintained 
under average room tempera1:ure con­
ditions by the temperature control sys­
tem furnished in the unit) show that 
ordinarily the frequency changes re­
sulting from temperature variations 
will be less than ±0.75 part per million. 
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Tuning Changes (Figure 3). The fre­
quen y of oscillation. is altered., when 
the grid tuning con.denser is varied. n. 

the region of the plate current mini­
mum, where definite changes in the 
reading of the plate current meter are 
observable (as shown in the upper 
curve) the change in frequency 1 

within ± 1.5 parts per .million. 
Plate Voltage Changes (Figure 4). It is 

at once evident that moderate changes 
in plate voltage have no effect on the 
frequency of oscillation. This is in 
definite contrast to the changes ob­
tained with the older circuit. 

Filament Voltage Changes (Figure 5). 
For changes in filament voltage of sev-
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FIGURE 4. Variation in frequency as a func­
tion of plate voltage expressed as a per cent 

of normal 

eral per cent., which are easily obser ed 
on the :filament voltmeter of the new 
oscillator no appreciable change in fre­
quency results. If the filament voltage 
is decreased far enough, the frequency 
rises, as shown by the upper curve. But 
if, for each value of filament voltage, 
the tuning condenser is readjusted to 
give minimum plate current, the change 
in frequency is entirely negligible, as 
shown by the lower curve. 

Tube Changes (Figure 6). Changing 
tubes, the circuit being readjusted to 
minimum plate current for each tube, 
resulted in the frequency changes 
shown. Twelve tubes, some of which 
were new and some old., all gave oper­
ating frequencies within ±I part per 
xnillion. If tubes o. 2 and o. 5 were 
rejected, the remaining 10 tubes give 
frequencies practically within the limits 
of the ± 0.5 part per million. 

Vibration. In making tests for vibra­
tion.., the entire unit was subjected to 
heavy shocks. These resulted in two 
types of frequency change: that due to 
motion of the quartz plate in the 
mounting, and that due to shifts in the 
tuning of the grid circuit. The latter 
could be compensated for by readjust­
ment of the tuning condenser for min­
imum plate current. With readjust­
ment., the shifts remaining after the 
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FIGURE 5. The frequency shows no percepti­
ble change with filament voltage if the con 

denser is reset for minimum. plate current 
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FIGURE 6. Frequency shifts very slightly 
when tubes are changed 

vibration stopped were within ± 1.5 
parts per million. 

As an e timate of the absolute con­
stancy of frequency of the system, it 
may be assumed that all of the varia­
tion observed take place in the same 
direction: 

Variable 

Temperature 
Tuning (by plate 

met:er) 
Plat:e vohage 
Filament voltage 
Tubes 
Vibrat:ion 

Range of 
Variation. 

o.02s0c 

Frequency Variation. (parts per million) 
0.75 

1.5 
2.0 volts 0.1 
0.1 volts 0.05 
(average) 1.00 
(heavy shocks) 1.5* 

Tot:al 4.9 
*Remaining after shock. 

This represents the range of fre­
quency within which this type of os­
cillator would be expected to operate 
und r servi e conditions. There is 
every rea on to expect that, if the ari­
ables are held within the range gi en, 
some variations would offset others 
and the actual change in :frequenc 
would be less than the total gi en 
abo e. These conclusions of cour e re­
fer only to ·the stability of the frequency 
of the oscillator, that is, to the variation 
from the adjusted value and have no di­
rect hearing on the accuracy of adjust­
ment of the oscillator ·to a specified 
frequency. 

Quartz plates suitable for use in the 
TYPE 575-D Piezo-Electric Oscillator 
and guaranteed to within ±0.00 2% for 
a period of one year are available. They 
are known as TYPE 376-J Quartz 
Plates. In adjusting these plates, the 
frequency is brought ithin one cycle 
of the specified frequency as deter­
mined by our primary frequency stand­
ard which is operated continuously and 
checked in terms of Arlington time. 

The price of the TYPE 575-D Piezo­
Electric Os illator is $215.00; of TYPE 
376-J Quartz Plates $85.00. 

- }AMES K. CL pp 

ELIMINATING l-IARMONICS IN BRIDGE MEASUREMENTS 

MEAS REME T o f  i m p e d a n c e  a s  
made on the various bridges are, 

in general, affe ted by the presence of 
harmonics. For those in which the bal­
ance condition . are independent of fre­
quency (mo t of the commonly used 
bridges are in this class), the balance 
would be unaff e ted by the harmonic 
content of the ource. if it were not for 
the fact that the resistance of a coil or a 
condenser varies considerably with fre-

quen y. The balance for the funda­
ental frequency is masked by the har­

monics in the output. 
For those bridges in whose balan e 

equations frequency appears e plic-
·itly, the presence of harmonics is seri­
ous and can es a direct error. The res­
onance bridge and the Wien bridge are 
examples. 

Voltages other than harmonic volt­
ages also frequently appear in measur-
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mg err uits. They are induced in the 
circuit electromagneti ally and elec­
trostati ally by the fields, usually of 
commercial frequency which exi t in 
mo t laboratories. They become im­
portant when the voltage to be meas­
ured i reduced to a sufficiently small 
value. For that reason they become 
the limiting factor in hr· dge balance by 
preventing the attainment of complete 
silence in the head telephones. 

Spur·ous voltage , harmonic or non­
harmonic., may he decreased in ma gni­
tude by the use of suitable filters which 
may be onnected directly to the power 
source in order to ·decrease the har­
monic content of the voltage applied 
to the measuring circuit. They would 
he so placed for the measurement of 
any element which might he affected 
by such spurious voltage . 

Filter may al o he connected be­
tween the bridge and the null detector. 
Thi is u ually -ihe preferable position, 
because in general th impedan e of the 
null detector ·s greater than tha of the 

HIGH-PASS 

100 

50 

� 20 
... 
< 
ac: 10 
... " 
< 5 ... 
� 
0 
> 

2 

1.0 

0.5 

['..._ 

"" 

0.2 

100 

""' 
'\ 

' 

I �·BnR•/ v I � + R, 
'/ 

40 � 
""' 

� 
\;: 

"' \. 
' 
I\ 

\ 
--

-t; v db - 20 lo9t0 2 
I 

/ I '\"- R,-R2-R0 j I , 
I 

\ .. e/ J/ I 
� � 1 1 / .. . / !J \ '/\(. 

.,, 
30 ,;:! 

!!! 
u i.J 0 

20 � 
z II : �/ 1 i\ I 

1\ /\. / " 

2 ... 
10 < ::> 

z 
i.J 

/ '-r-. ........ ,, !'--.._ _,../ <..--.... ... t-
0 < 

-10 

500 1000 5000 10000 

FREQUENCY IN cvc�es PER SECOND 

bridge. Filter ha e in general sharper 
cut-offs the higher the im edan e to 
which they are onnected. 

A band-pass filter made up of low­
pa and high-pa s sections i satisfac­
tory for mea urements made at a single 
frequency. The haracteristic imped­
ances of these se tions should he 
chosen to he equal to or le t-han the 
load into whi h they ork. Low-fre­
quency non-harmonic voltages are sup­
pressed by the high-pass sec ion; 
high-frequency non-harmonic voltage ., 
and all harmonic oltage by the low­
pass section.. The cut-off frequencie of 
these sections may he so chosen that 
the applied frequen y may ary con­
siderably without affecting their a tion. 

The TYPE 330 Filter ections* are 
built for three different cut-off fre­
quen ·es, 500, 1000, and 2000 cp , and 
two different haracteri tic imped­
ances, 600 and 6000 ohms. The atten­
uation obtainable with the e s ct-ions 

*D scribed in Catalog F, page 97. 
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FIGURE 1 (left) and JG RE 2 (right). Attenuation characteri tics of TYPE 330 ilter ection 
for the values of terminating impedance shown. Jc is the cut-off frequ ncy and Ro is the char­

acteristic imp dance (either 600 or 6000 ohms) specified in atalog F 
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when terminated in their characteristic 
impedances are shown in Figure 1. The 
three curves for each type of section 
are alike, being merely displaced along 
the frequency axis. 

The 500-cps high-pass filter section 
is suitable for suppressing the usual 
low-frequency non-harmonic voltages. 
The three low-pass filter sections are 
suitable for suppressing the high-fre­
quency harmonic voltages. The at­
tenuation to the second harmonic, 
which is usually the strongest, exceeds 
that to the fundamental by at least 15 
dh (a voltage ratio of 5.5 to 1). The 
frequency of the fundamental may in­
crease by 50% before the attenuation 
to it becomes 10 db. 

When a filter section is connected to 
a load resistance much larger than its 
characteristic impedance, the ratio of 
input to output voltage is decreased in 
the transmission band, if, in addition, 
the input resistance is made much 
smaller than the characteristic imped­
ance of the filter. This ratio becomes 

less than unity at a frequency near the 
cut-off frequency, thus giving a voltage 
characteristic similar in some respects 
to that of a resonant circuit. 

Such curves for the three low-pass 
filter sections are shown in Figure 2. 
They are for the case of input and load 
resistances 0.2 and 150 times their 
characteristic impedance. The attenu­
ation to the second harmonic is on the 
average the same as for the previous 
case. The fundamental frequency may, 
however, vary from 0.6 to 1.5 times 
the cut-off frequency, without causing 
the discrimination between fundamen­
tal and second harmonic to faH below 
15 db. Within this range the attenu­

ation to the fundamental varies be­
tween -14 db and +10 db. The 
range of the three filter sections over­
lap and together they cover the fre­
quency band from 300 to 3000 cps. 
Other sections may be built on special 
order, which will extend this range up 
to 7500 cps and down to 60 cps. 

-ROBERT F. FIELD 

CONVENIENT DECADE-SWITCl-I UNITS 

WITH the advent of the new TYPE 
602 Decade - Resistance Box, 

which makes use of a special type of 
unit construction, General Radio 1s 
supplying the units separately. 

These new TYPE 510 Decade-Resis­
tance Units are identical with those in 
the new TYPE 602 Decade-Resistance 
Box, which surpasses in results and 
convenience its famous predecessor. 
The switching mechanism is entirely 
enclosed within the unit, protecting 
the contacts from dust, and thus elim­
inating a frequent source of poor con­
tact and leakage. Each individual 
unit is provided with a cylindrical 

FIGURE 1. An adjustable re on.ant circuit, a 
typical application of TYPE 510 Decade­
Resistance nits and TYPE 380 Decade 

Switches and Condensers 

shield and an etched dial plate to fa­
cilitate mounting on a panel. 

( Continiu.d on page 8) 
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A MANUAL RECORDER 

CURVE-DRAWi G equipment makes 
it possible for engineers to record 

variable phenomena and interpret or 
com.pare results at their convenience. 

Early in 1927 the TYPE 289 adin.g 

tiometer. A lever makes it possible to 
follow the desired variations either by 
maintaining a constant deflection. or a 
null point on a galvanometer. 

The TYPE 459-A Manual Recorder is 
Recorder was de­
veloped by the 
General Radio 
Co m p a n y* i n  
con.junction with 
the study of ra­
dio transmission 
carried on by G. 
W. Pickard. The 
T YPE 4 5 9 - A  
Manual Record­
er shown on this 
page has ju t 

TYPE 459-A Manual Recorder. Moving 
t:he handle sii:n.ult:aneously m.oves t:he 
pen and t:he slider on a potentiometer 

used in a manner 
similar to the 
earlier TYPE 289 
Fading Recorder 
for the study of 
fading of radio 
transmissions. In 
r e c o r d i n g  t h e  
variation in sig­
n a l  i n t e n s i t y ,  
t h e  n e c e s s a r y  
changes of the 
arm to balance 

been designed. In thi new instrument 
standard 3Y2 inch adding machine pa­
per is carried past a recording point at 
a uniform rate and the position of this 
point may be varied manually to follow 
and trace the curve of the variable 
be·ng studied. 

The main drum is driven by a small 
60-cps, 1 0-volt synchronous motor 
and the gearing is so adjusted that the 
paper travels exactly one inch a min­
ute. The drive is made positive by 
small points projecting through the 
drum, and these are so spaced that the 
perforations caused by them in the pa­
per are e acdy one inch apart. 

The drum on the standard units 
makes five complete revolutions an 
hour, but the gearing of course can he 
changed to meet special onditions, 
giving a rather wide variat.ion of speeds. 
The drum may also be loosened :from 
the drive shaft by a thumb nut. A 
.3prin.g slider carries both the recording 
point and the contact arm of a poten-

them result in a trace on the recording 
paper of magnitudes corresponding to 
the changes in. signal strength. 

The potentiometer in. the standard 
instrument is a tapered card having a 
maximum value of approximately 2000 
ohms. To meet special conditions this 
card may easily he replaced. 

The slider has a long hearing and is 
kept in con.tact with the guide bar by 
means of a flat spring. This allows the 
slider to move :freely at all times but 
eliminates unnecessary side play and 
compensates for contact friction on both 
the potentiometer and the drum. 

While the original intent of the re­
corder was to study fading, it is felt 
that it will serve to draw curves so nec­
essary for the intelligent interpretation 
of many other phenomena. For er_ 
ample, the recorder might be used in 
conjunction with a beat-frequency os­
cillator driven by a similar synchro­
nous drive in studies of acoustics . 

The price is $85.00.-H. S. WILKINS 

*See General Radio Experimenter for April, 1927. 
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(Continued frorn page 6) 
The e units can he used in many 

ways. For instance, they are inva1-

uable in the construction of adjustable 

impedance-matching networks, special 

attenuators, or harmonic analyzers. 

Provision has been made so that sev­

eral units can be "ganged" together. 

ery useful calibrated voltage divider 

can be made by mounting similar units 

''back to ha k'' ( ee Figure 3) so t:hat 

when re istance is cut into one unit, it 

i simultaneou ly cut out of the other, 

thus keeping the otal resistance con-

tant. ny number of these ''back-to­

back" units may be used to build a 

oltage divider for practically any de­

sired range and degree of preci ion. 

FIGURE 2. TYPE 380 Decade witch and 
ondensers 

nother e ampl of the decade-unit 
idea is the TYPE 380 De ade Switch 

FIG RE 3. Two TYPE 510 Decade-Resistance 
Units mounted in tandem to make a voltage 

divider (potentiometer) 

and Condenser, which provides a cor­
responding unit for capa itan e. 

These decade-condenser units (see 
igure 2) are identical with tho e in 

the TYPE 219 Decade Condenser. Due 
to their compact con truction, they are 
very useful in the con truction of oscil­
lators, harmonic analyzers, and other 
laboratory equipment. 

Figure I shows a typi al piece of lab­
oratory equipment using both decade­
resi tance and decade- onden er units. 
The advantage to any engineer in being 
able to obtain the e self-contained dec­
ade units i evident. Complete tech­
nical information regarding their char­
acteristics is contained in Catalog F. 

- H. H. SCOTT 

TIHE GENERAL RADIO COMPANY mails the Experimenter, without charge, 
each month to engineers, scientists, and others interested in commun­

ication-frequency measurement and control problem,s. Please send requests 
for subscriptions and address-change notices to the 

GENERAL RADIO COMPANY 
30 State Street Cambridge A, Massachusetts 
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