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A GENERAL PURPOSE 

WA.VEMETER 

e ONE OF THE INDISPENSABLE 

TOOLS OF THE RADIO ENGINEER 

is the ordinary wavemeter. While precise 
frequency measurements are often neces­
sary, there are many uses in the laboratory 
for an instrument 1:hat gives an answer 
within a few per cent quickly and con­
veniently. Among these are checking the 
frequency ranges of os illator coils, setting 
and determining oscillator frequencies, and 

finding the frequencies of parasitic oscillations in r-f amplifiers For 
experimental work the low accuracy of the wavemeter, as compared to 
precise crystal frequency standards, is more than offset by the speed 
and convenience of 
measurement. 

Th e two i n ex -
pen sive, general­
p u r  p o s e  w a v e ­
meters for m e rl y  
carried in our cata­
log (TYPE 574 and 
TYPE 358) h a ve 
now been replaced 
by a single instru­
ment, TYPE 566-A, 
which combines, in 
an improved design, 
wide range, smaU 
size, good accura , 
and low price. 

FIGURE 1. View of the TYPE 566-A Wavemeter 

showing how coils are stored when not in use. 
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GENERAL.RADIO 2 

FIGURE 2. View of the wa emeter dial showing 
the frequency scales. The outer scale is engraved 
in red, the other two in black. 

This new wavemeter is direct reading 
in frequency b tween 0.5 and 150 Mc. 
Only three frequency scales are used, as 
shown in Figure 2, although here are 
five plug-in coil . The outer cale is used 

FrGUllE 3. View of the TYPE 566-A W avemeter in 
use. The coil can he rotated to ecure optimum 
coupling to th ource whose frequency is being 
measured. 

with two coils, 0.5 to 1.6 Mc and 5 to 16 
Mc. The middle scale covers the ranges 
1.6 ·to 5 Mc and 16 ·to 50 Mc. The in ide 
scale i. used for the highe t frequen 
coil, 50 to 150 Mc. These scales are ac­
curate to ±2 up to 16 Mc, and to 
±3 be twee n. 16 and 150 Mc. 

The re onance indi ator i an incan.­
d cent lamp. With low-power o cil­
lators t he reaction of the wavemeter on 
the osci1Iator t ube CU1Tents an be ob-

er ed. 
Fig ure 3 gi es an idea of the ize of the 

wavemeter, and how one of the fea­
ture , that all coil except the highest 
frequency one can be rotated ·to secm·e 
the d ired coupling. When not in u e, 

oil are t red in the rack on the side of 
the instrument, as shown in Figure 1. 

The slow-motion drive provided on 
the dial make po ible a fine adjust­
ment of the con.den er. The condenser 
itself is imilar in con truction to the 
TYPE 568, but has a longer stack. Fig­
ure 4 is an inside view of the instru­
ment showing this conden er. 

Four of the coils are wound on phe­
nolic forms which enclo e and protect the 
winding. The highest frequen y coil, a 

hown at the left in igure 3, 1s a 
straight bar. 

The small size, accuracy, an.cl low 
price of this wa emeter ake it a par­
ti ularly de irable in trument for the 
radio laboratory. Because all our facil­
ities are de oted to war projects, tbi 
in trum.ent i , at pre nt, available only 
for war work. - E. KARPL 

SPECIFICATIONS 

Frequency Range: 0.5 to 150 Mc (600 to 2 
m ters) using the five plug-in indu tors fur­
ni hed with ·the in trument. Th cond nser dial 
is direct r ading in frequenc - The precision 
with which th dial can be read is 2 <)( or hett i-. 

Ac cu r a c y : The accurncy of di al indication i 
±2 , 0.5 to L6 M ; and ±3 0, 16 to 150 Mc. 
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FIGURE 4. Interior view of the 

TYPE 566-A Wavemet r, show­

ing the con truction of the con­
denser. 

Accessories Supplied: Two spar· indicatot· 
lamp . 

Dimensions: 4U 5Ys. 5%inC'h,.,over-alJ. 

N et Weight: 3 po11nd8. 

Type Price 
566-A I W avemeter. . . . . . . . . . . . . . . . . . . . j $45.00 

MEASURIN G 

WITH 

BAL ANCED IMPEDANCES 

THE R-F BRID GE 

INTRODUCTION 

e BECAU SE OF THE 

IZED NATURE OF 

SPECIAL­

BALANCED 

IMPEDANCE S, equipment for their 
measurement has not received as much 
attention as has equipment for the 
mea urement of impedanc s with one 
side grounded, and it is not as generally 
available. Consequently, the problem of 
measuring balanced impedance with 
equipment for measuring grounded im­
pedances is often encountered. Measure-

F1G RE 1. Equivalent circuit of a balanced 
line. 

A B 

men.ts at radio frequencies of open-wire 
transmis ion rnes and dipole antennas 
probably present the most con:unon ex­
amples. Two methods by which these 
mea urements can be accomplished are 
d cribed here be aus of their partic­
u1ar usefulness with the TYPE 916-A and 
TYPE 516- Radio-Frequency Bridge , 
and -the TYPE 821- Twin-T Impedan e 
Measuring Circuit. 

METHOD 

The first method1 is similar to the 
well-known method of measuring the in­
terelectrode capacitance of a triode by 
three capacitance mea urements. The 
input impedance of the lin is repre­
sented by the equivalent circuit of Fig­
ure L The mea urement pro edure is a 

follow : 

(1) Short-circuit impedance Z1 by 
grounding line A at point of measure -
m nt, and measure impedance from line 
B to ground. Call the measured value Z'. 

lD. B. Sinclair, .. Irnpedance Measuren-.ent on Broad­
cast ntenna ."Part II, Com,munications; July, 1939. 

3 EXPE RIMENTER 
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GENERAL RADIO 4 

BALANCED LINE 

BRIDGE 

FIGURE 2. Circuit diagram of auxiliary network. 

Z2Za Z'= 
Z2 + Za 

(1) 

(2) Short-circuit impedance Z2 by 
connecting line A to line B at point of 
measurement, and measure impedance 
from the junction to ground. CaH the 
measured value Z". 

Z" 
= ZaZ1 

Za + Z1 
(2) 

(3) Short-circuit impedance Z3 by 
grounding line B at point of measure­
ment, and measure impedance of line A 
to ground. Call the measured value Z'". 

Z'" = 
Z1Z2 

(3) 
Z1 + Z2 

Combining Equations (1), (2), and (3) 
gives: 

Z1= 
Z'Z" 

2Z'Z"Z"' 

Z" Z"' + Z"' Z' 
2 

! FIGURE 3. Optional equivalen1: circuit of balanced 
line for balanced excitation oltages. 

(4) 

2Z'Z"Z"' 

Z' Z" + Z" Z'" - Z"' Z' 

2 

(5) 

2Z' Z" Z'" 
Za = �------------

- Z' Z" + Z" Z'" + Z"' Z' 
2 

1 1 1 
-z-, 

+ 
-z-,, - -z-,-,, 

(6) 

Equations (4), (5), and (6) give each 
component of impedance, from which 
both the line impedance ZAB and the 
unbalance can he found. 

When the line is truly balanced, 
Z1 = Za, Z' = Z"', and 

Z1 = Za = 2Z" (4a) 

2Z'Z" 1 
(Sa) z - -2 -

2Z" - Z' 1 1 -
-

--
Z' 2Z" 

ZAB = 
2Z1Z2 4Z'Z" 

(7) -2Z1 + Z2 4Z" - Z' 

This method, while highly accurate, is 
rather time consuming and is mo t useful 
when unbalance of the line is of particu­
lar importance. 

METHOD I I  

A more rapid and d irect method, sug­
gested by Mr. John F. Byrne of Harvard 
University, is very useful when line bal­
ance is reasonably well maintained. It 
requires the use of the auxiliary net­
work of Figure 2, which is a lumped­
circuit single-frequency equivalent of a 
half-wave transmission line. 

The open-circuit output vohage ap­
pearing across points 3 and 4 is equal in 
magnitude and 180° out of pha e with 
the input voltage across points 1 and 2. 
The short-circuit impedance looking 
hack from points 3 and 4 is zero. 
Thevenin 's theorem therefore shows 
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that, whatever the loading, the voltages 
between points 1 and 2 and between 
points 3 and 4 will he equal and 180° 
out of phase. 

A balanced line connected between 
points 1 and 3 will, as a consequence, he 
excited with balanced voltages. Under 
this condition, the equivalent circuit of 
Figure 1 can he redrawn as sho·wn in 
Figure 3 with the midpoint of the archi­
trave impedance grounded. 

When a balanced line is connected be -
tween terminals 1 and 3, it is therefore 
equivalent to connecting an impedance 
equal to Z1 in parallel with Z2/2 across 
the input terminals 1and 2, and another 
identical impedance across the output 
terminals 3 and 4. Since the network 
simulates a half-wave line, the input im­
pedance is equal to the terminating im­
pedance. The effective input impedance, 
Z, is therefore 

Z = ! Z1Z2/2 

2 Z1 + Z2/2 

1 2Z1Z2 
-

4 2Z1 + Z2 

(8) 

The experimental procedure in ad­
justing the circuit of Figure 2 is very 
simple. The two coils, L1 and L2, should 
he identical and should have a reactance 

TAKIN G THE PUL SE 

O F  TURBINES 

e AN EXCELLENT ILLU STRA· 

TI 0 N of the ever-increasing utility of 
electronic technique and equipment in 
the field of mechanical research is the 
method used by General Electric en­
gineers for the study of vibration of 
high-speed-turbine buckets. 

FIGURE I. TYPE 713-B Beat-Frequency Oscilla­
tor mounted in assembly with power amplifier. 

5 EXPE RIMENT E R  

at the operating frequency of the same 
order of magnitude as the impedance to 
he measured. The variable condensers, 
C1 and C2, should be of such size that 
their reactance can he set to half the 
coil reactances. The output terminals, 3 
and 4, are first short-circuited and con­
denser C1 adjusted to series resonance. 
This condition can he found by observ­
ing the input impedance on the bridge 
and setting to zero reactance. The out­
put terminals are then open-circuited 
and condenser C2 adjusted to parallel 
resonance. This is most easily observed 
by balancing the bridge with a capaci­
tance across the UNKNOWN terminals 
and adjusting "to make the change in re­
actance setting zero when the input im­
pedance is connected in parallel. Losses 
in the condensers and coils used in the 
network will cause a small measurement 
error. By proper choice of circuit ele­
ments, however, these can ordinarily be 
made negligible. Substantial unbalance 
of the line will also cau e error. When­
ever suspicion arises that errors from 
these -causes are significant, a measure­
ment by Method I can he used for veri­
fication. - D. B. SrNcLAm 
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GENERAL RADI O 6 

FIG RE 2. The oscillator supplie power to vibrate 
the turbine buckets thro ugh a power amplifier 
and an electro-mechanical transducer shown 
above. 

FIGURE 3 (above). Engineers move the crystal 
pickup along the bucket tips. The pickup output 
is fed to the cathode-ray oscillograph shown 
below. 

FIGURE 4 (below). Points of peak vibration are 
noted on the oscillograph as the pi ckup is moved 
along the buckets. 

One of the problems confronting the 
designers of turbine wheels is that of ob­
taining a quantitative knowledge of the 
frequency and ampli ude of re onant or 
other vibration et up in the wheels, 
particularly in -the bucket at the periph­
ery (which may travel at peeds ap­
proaching a thou and miles per hour). 
In wheels de igned for the high speeds 
prevalent in modern pract.ice, the vibra­
tion that o cur are likely to be of high 
frequency and relatively small ampli­
tude. Conventional mechanical means of 
reproducing and studying these con­
dit.ions, while satisfactory with the 
larger tru tur and lower frequencies 
common at lower speed , become prac­
tically useless. In the flexibility and 
versatility of modern electronic prac­
tice, however, a satisfa tory solution has 
been found. 

The buckets are vibrated by mean of 
an electro-mechanical transducer, dri en 
by a 1000-watt amplifier. A General 
Radio TYPE 713-B Beat-Frequency Os­
cillator was selected to drive the power 
amplifier. The relatively high-power out­
put (1 watt), the low distortion, and the 
fine frequency control of the TYPE 713-B 
make it particularly suitable for this 
application. Wi h the oscillator and 
power amplifier, the buckets an he 
driven at any frequency in the range 
from. 30 cycles to 20,000 cycles.* 

Th re ulting vibration of the driven 
buckets i picked up by a piezo-electric 
vibration pie up applied to the bucket 
tips, and applied to an amplifi r feeding 
a cathode-ray oscillograph. The vibra­
tions, amplified in magnitude approxi­
mately 100,000 times, can then conven­
iently he observed and measured. The 
resulting information assists in the de­
sign of wheels that are free from de· 
stru tive resonance at. normal peed . 

*The range of 1-he TYPE 713-B i 20 ydes to 40,000 
cycles, the power amplifier and driving SJ stem limiting the 
range to that given above. 
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DISCO NTINUED 

•IN ORDER T O  PRODUCE 

C R I T I C A L W A R G 0 0 D S at max­
imum efficiency, it is necessary for the 
manufacturer of specialties to eliminate 
from his Jine those items for which there 
is little demand, which can be easily pro­

duced by others, or which essential ly du­
plicate other items in the line. In this 
way, production facilities, materials, and 
man power are conserved for the manu­
facture of more urgently needed items. 

We have listed from t.ime to time in 
the Experimenter* instruments that are 
discontinued for the d uration of the war. 
To those previously listed the foll owing 
items have now been added : 

TYPE 419-A Wavemeter 
TYPE 714-A Amplifier 
TYPE 672- Power Supply 
TYPE 673-A Power Supply 

USING A PO L ARIZING 

CAPACITANCE 

e F 0 R M E A S U R E M E N T S of the 
capacitance and the power factor of 
electrolytic condensers with the TYPE 
740-B Capacitance Test Bridge, it is 
usually desirable to apply a d-c polar-
1Zlllg voltage to the condenser under 

7 EXPERIMENTER 

INSTRU MENTS 

TYPE 755-A Condenser 
TYPE 588-AM Meter 

Except for frequencies between 50 
Mc and 300 Mc, the TYPE 419-A Wave­
:rneter can be replaced by the new TYPE 
566-A de rib d in this is ue of the 
Experimenter. For frequencies abo e 
150 Mc, the TYPE 758-A W avemeter 
can be used . 

The amplifier and he two power sup­
plies can, for most uses, be duplicated 
easily in the laboratory or by other man­
ufacturers. 

The TYPE 588-AM Meter, formerly 
carried in our catal og for use with TYPE 
493 Thermocouple, is no longer needed 
since this thermocouple was discon­
tinued some tii:ne ago. t 

*Experimenter. ept., 1941, Feb., 19112. 
tR..:perirnenler, Dec., 1941. 

VO LTAGE WITH 

TEST BRIDGE 

THE 

test, in order to simulat operating con­

ditions. 

Formerly, terminals for applying the 
polarizing voltage with this bridge were 
available on special order only, at an 
extra charge. Because of the growing de-

FIGURE 1. Schematic circuit diagram of the TYPE 740-B Capacitance Test Bridge. 

BRIDGE 

UNKNOWN 

VISUAL 
INDICATOR 
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FIGURE 2. Panel view of the TYPE 740-B Capacitance Test Bridge. The polarizing voltage 
terminals are at the top of the panel. 

mand for this feature, it is now included 
in the stock model of the bridge, at no 
increase in price. 

Figure 1 is a schematic circuit: dia­
gram, and }....,igure 2 shows the position. 
of the terminals on the panel. 

The polarizing voltage is applied in 
series with the 60-cycle bridge supply. 
The condenser shown across the polar­
izing battery is usually necessary to 

avoid a reduction in bridge supply volt­
age resulting from the impedance oft e 
battery in series with the supply. A 
rectifier-filter combination. with a high­
capacitan.ce condenser in the filter out­
put will obviate the need for the con­
denser as will also a storage battery, 
which usually has a high equivalent ca­
pacitance. The condenser should always 
he used with dry batteries. 

T
HE General Radio EXPERIMENTER is m.ailed without charge each 
month to engineera, acientisu, technicians, and others interested in 

communication-frequency measurement and control problems. When 
sending request:. 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 S TATE STREET CA MBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 
90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA 
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