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GENERAL RADIO COMPANY 

OPERATING INSTRUCTIONS 

FOR 

TYPE 224 PRECISION WAVEKETERS 

liorm.al Rapge 

224-A 70 - 24,000 meters 4290 - 12.5 ko. 
224-L 15 - 600 meters 2000 -500.0 kc. 

NOTE: The Type 224 and Type 224-A Precision Wavemeters are 
identical instruments. 

SECTION 1. PURPOSE OF THE INSTRUKENTS 

~ ~ Both instruments are intended primarily for 
generar-Iaboratory and service uses where a rapid and fair
ly accurate measurement of frequency or wavelength is re
quired. Beside the usual measurement or the frequencies of 
oscillators, radio transmitters, and received signals they 
can also be used to determine approximately the natural fre
quency of a tuned circuit, the inductance of coils, and the 
capacitance or condensers at radio frequencies. 

A Type 224-L Precision Wavemeter 
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GEIERAL RADIO COIIP.AJIY 

SECTION 2. PRIBCIPLE OF OPERATIOI 

The term "waveaeter" is genera1}7 used to describe 
a tuned circuit consisting of an inductor and a variable ca
pacitance calibrated in teras or the natural wavelen&th or 
frequency or the circuit. The circuit usually contains a de
vice !or indicating resonance as defined by max1mum current 
in the tuned circuit. 

When the inductor or a wavemeter is coupled to a 
source of radio-frequency energy such as an oscillator, and 
the wavemeter capacitance is varied through resonance tor the 
oscillator frequency, the response or the current-indicating 
element is as shown in Figure 2. The condenser setting cor
responding to maximum current (CR in Figure 2) is the reso
nant setting. 

For a discussion of wavemeters and of resonance 
phenomena in tuned circuits, the user is referred to the 
standard texts on radio communication.* 

* Lauer & Browni Radio Engineering Principles (2d ed., lew 
York, McGraw-Hi 1 Book CompaQ1, Inc., 1920). 

J. B. Korecroftl Principles ot Radio Communication {2d ed., 
lew York, John Wi~e,y l Sons, Inc., 1927). 

L. B. Palmer, Wireless Principles & Practice (London: 
Langmans, Green & Co. Ltd., 1928). 

B. B. Koullin, Ra41o Frequency Measurements (London: 
Charles Griffin & Company, Limited, 1926). 

i 
Figure 2 

CAPACITANCE ---':11.,_.~ 
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SECTIOB 3. FUBCTIOBAL CHARACTERISTICS 

~ Qenoral Each of the wavemeters is a closed low re-
sistance oscillatory circuit consisting o! an inductor, a 
condenser, and a current indicator in series. The natural 
frequency o! the circuit is adjusted by means of the conden
ser. 

A photograph of a Type 224-L Precision Wavemeter 
is shown in Figure 1. The appearance or the Type 224-A Pre
cision Wavemeter is identical except that onlY five induct
ors are normally supplied with it. 

SECTIOB 4. COBSTRUCTIOHAL DETAILS, QUANTITATIVE DATA, 
AID CIRCUIT CONSTANTS 

~ CQnstructiqnal Details 

~ Inductors The inductors are carefully designed to 
have approximately Maxwellian shape and low resistance. They 
are mounted in walnut cases and connect to the condenser by 
means of a rigid connector strap which is furnished with the 
instrument. Five inductors are used to cover the normal fre
quency range of the T,ype 224-A Precision Wavemeter and six 
for the TYpe 224-L Precision Wavemeter. 

1a12. Cond~ser The condenser is or the micrometer worm-
drive type similar in construction to the General Radio 
Type 222 Precision Condensers). 

~ ~gsonange Indicator The resonance indicator is a 
thermogalvanometer which is mounted on the panel of the wave
meter. 

~ Circuit CQnstants and Other Data 

224-A 

224-L 

For complete 30-1480 mmf. 
range data 
see page 1 42- 260 mmf. 
or page 4* 

• 

4.5 ohms 0.02 mr. 115 mla. 

0.5 ohms Bona 300 mla. 

* Additional inductors for extending the range of these in
struments can be built to order if necessary. We do not re
commend their use because the normal range is the maximum 
with which a single-condenser instrument can be made to per
torm satisfactorily. 
T)pe 224 Page 3 
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~ Bange or Qperatign 

~ B&nge of Operation: Type 224-A Praciaiop Way9meter 

Coil A 
Coil B 
Coil C 
Coil D 
Coil E 

75 - 250 meters 
250 - 800 meters 
800 - 2500 meters 

2500 - 7700 meters 
7700 - 24,000 meters 

4000 - 1200 kc. 
1200 - 375 kc. 

375 - 120 kc. 
120 - 38.9 kc. 

38.9 - 12.5 kc. 

~ Rapga ot Operation; Type 224-L Pregision Way§meter 

Coil A 15 - 28 meters 20.,000 - 10,710 kc. 
Coil B 28 - 50 meters 10,710 - 000 kc. 
Coil c 50 - 90 meters 6000 - 3~ kc. 
Coil D 90 - 165 meters 3333- 1818 kc. 
CoilE 165 - 300 meters 1818 - 1000 kc. 
Coil F 300 - 600 meters 1000- 500 kc. 

i&i Calibration Two calibrations are furnished, one giv
ing the frequency and wavelength corresponding to scale read
ings for each inductor, and the other giving the capacitance 
of the condenser as a function of its scale reading. 

~ Accuracy The design and method of calibrating these 
wavemeters are such that the user can depend on their reso
nant frequency being within 0.25 per cent. of the values giv
en in the calibration chart tor a period or one year !rom 
date or purchase. Whether or not this accuracy is realized 
in practice depends on the method o! measurement and the care 
with which the user makes the measurement. Some of the rae
tors affecting the accuracy or wavemeter measurements are 
discussed in Section 5. Each wavemeter is calibrated in our 
laboratories with the best possible precision against an os
cillator whose calibration is Checked at regular intervals 
against the General Radio primary standard of frequency.This 
primary standard is a General Radio Standard-Frequency Assem
bly, the frequency of which is known to considerably better 
than one part in a million (0.0001 per cent.). Wavelength 
calibrations are obtained from these frequency measurements 
by use or the conversion factor 2991 820. 

Although the accuracy of calibration is better 
than 0.25 per cent., allowance must be made for small obser
vational errors in drawing and using the calibration curves, 
and for aging and temperature effects in the tuned circuit. 
Type 224 Page 4 
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These errors, although individually small, may be cumulative 
and they definitely limit the accuracy to which the instru
ment can be guaranteed. 

SECTION 5. OPERATING INSTRUCTIONS 

~ Geperal To use the wavemeter it is merely neces-
sary to open the wooden carrying case, lift out the conden
ser by the handle, and connect the necessary inductor to it 
by means of the connecting strap (see Figure 1). One wave
length frequency calibration chart for each inductor and tbe 
frequency calibration chart for the condenser will be found 
in the carrying case. 

When not in use the wavemeter should be dissembled 
and kept in the carrying case to protect it from dust and 
other unnecessary wear. If it is necessary to ship the in
strument, remember that the carrying case is not of itself 
sufficient protection against damage. Pack it well. 

~ Calibration Ch4rt While the calibration chart may 
appear strange at first glance, it it is held at the level 
of the eye and rotated through an angle of 45°, it will be 
seen to be a section of special non-linear coordinate paper 
and may be read as easily as the ordinary chart. 

If it is desired to determine the frequency or 
wavelength corresponding to a giTen scale reading, proceed 
as follows: 

Figure 3 
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A. Hold the chart with its long dimension ver-
tical. 

B. Locate the scale reading at the left-hand 
side of the chart. 

C. Follow the direction of the diagonal lines 
dqwpward until calibration curve is reached. 

D. From point thus determined on curve, follo~ 
diagonal lines upward to right until right-hand edge ot 
C'ha.rt is reached. 

E. Read frequency or wavelength scales at right
band side of chart. 

This procedure can be greatly simplified it one 
right-angled corner of a card or piece of transparent cel
luloid such as a drafting triangle is used to follow the 
lines of the scale. Simply place the card on the chart so 
that the corner rests on the curve and the edges are paral
lel to the lines or the chart. (See Figure 3). 

SECTION 6. SUGGESTIONS FOR USE IN MEASUREMENTS 

~ Absorption Methgd To measure the frequency of an 
oscillator or other radio-frequency source, the wavemeter is 
placed in the vicinity of the oscillator in such a way that 
sufficient energy is absorbed by the wavemeter to produce a 
readable deflection on the thermogalvanometer at resonance. 

The condenser or the wavemeter is varied until a 
maximum reading is observed on the thermogalvanometer. The 
scale reading corresponding to this maximum is used in en
tering the calibration chart to determine the frequency or 
wavelength. It the maximum is broad and extends over sev
eral divisions, a more precise estimate or the resonance 
point may be made by varying the scale reading on both sides 
of the maximum until the thermogalvanometer reading is re
duced by a given (small) amount. The point halfway between 
these two scale readings, (i.e., the average of the two) may 
then be used to enter the calibration chart. 

CAUTION: If the wavemeter is coupled too closely to a pow
erful oscillator the thermocouple will be burned out. 

Care should be taken to avoid the wavemeter "pull
ing" the oscillator frequency. With a very low power oscil
lator where close coupling is necessary to produc~ a read
able deflection on the thermogalvanometer, the oscillator 
may assume the wave meter frequency as resonance is approach
ed. When this occurs, the current maximum will appear to be 
very broad and the thermogalvanometer reading will drop sud
denly beyond resonance as the oscillator assumes the frequen
cy ot its own tuned circuit. If this happens, the oscilla-
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tor has not sufficient power to permit the use of the absorp
tion method, and some other method of resonance indication 
must be used. 

~ Reaction Kethpd If the oscillator being measured 
has not sufficient power to deflect the thermogalvanometer, 
the reaction of the.wavemeter on the oscillator can be used 
to determine the resonant reading. As the wavemeter is va
ried through resonance, a slight change in the plate cur
rent of the oscillator takes place. Provided the coupling 
between the oscillator and the wavemeter is small, so that 
the reaetion on the oseillator is Just perceptible, this 
method can ee used with fairly accurate results. If the os
cillator has a grid-current meter, the grid-current change 
can be used as a resonance indicator. 

~ Precautions to be Observed The exact resonant fre-
quency of a wavemeter will be influenced slightly by objects 
in its immediate vicinity. If a metallic body is placed in 
the field of a wavemeter inductor, its effective inductance 
may be materially changed, and the calibration is no longer 
correct for the conditions under which it is used. Similar
ly the capacitance of near-by objects will affect the fre
quency of an oscillator. When a wavemeter is placed near an 
oacillator, both effects occur; the wavemeter changes the os
cillator frequency and the presence of the oscillator affects 
the wavemeter. Whether or not these changes are large enough 
to affect appreciably the accuracy of the measurement depends 
on the conditions under which the measurement is made and may 
best be determined by experiment. 

Even when the capacitance effects just mentioned 
are negligible, another error may occur, due to "transform
er action." The inductors or the oscillator and wavemeter 

Type 224 

f"R~QUr:NCY OI"OSCILLATORI 
IN ABSENC~ 01" WO.VE:Iolf:T fllj 

I 
I 
I 

Figure 4 

Page 7 



GEifERAL R!DIO COKP ABY 

act as the primary and secondary windings of a transformer, 
and the impedance of the wavemeter is reflected into the os
cillating circuit. The magnitude of the reaction depends on 
the L/C ratios of the two circuits, and the amount of coup
ling between them. When the wavemeter is set to resonance, 
the impedance reflected into the oscillating circuit is pure
ly resistive, and the change in oscillator frequenc,r thus 
produced is negligible. If the wavemeter is not in resonance, 
the reflected impedance has a reactive component, and the 
frequency of the oscillator is materially changed. 

As the capacitance of the wavemeter condenser is 
varied through resonance, the frequency changes as shown in 
Figure 4 1 where the zero axis represents the frequency ot 
the oscillator before the wavemeter is coupled to it.* The 
point at which this curve crosses the axis is the setting at 
~hich the wavemeter is in resonance, and this setting should 
be used in entering the calibration chart. 

The frequency change shown in the diagram can be 
detected by listening in a heterodyne detector as the wave
meter condenser is varied. It the heterodyne is set to zero 
beat with the wavemeter far from resonance, then as the wave
meter is tuned, the frequency or pitch of the beat note will 
rise and then fall to zero twice. The direction of the beat
frequency change cannot, ot course, be detected. For pre
cise measurements, this is an excellent method of adjustment 
to use. 

The exact shape or the curve of Figure 4 is not the 
same for all oscillators, and in some cases difficulty may be 
experienced in detecting it. With a very powerful oscillator 
and extremely loose coupling, the change may be so small that 
it cannot be observed. It this frequency shitt is of the or
der of 0.~5 per cent. of the working frequency, the coupling 
is too close. 

With a given wavemeter and oscillator and a given 
coefficient of coupling between them, the magnitude ot the 
change is entirely independent of the oscillator power. The 
higher the power of the oscillator, however, the smaller the 
degree of coupling necessary to produce a given deflection on 
the thermogalvanometer. Use the smallest coupling which will 
give sufficient deflection ot the thermogalvanometer. 

When the wavemeter is coupled to a controlled os
cillator or to the output of a power amplifier, these effects 

* This discussion assumes that the oscillator is uncontrol
led, that is, that its frequency is determined by the react~ 
ance of its tuned circuit. 
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are usually negligible. The capacitance effect of the pres
ence of the oscillator or power amplifier upon the wavemeter 
is, however, still present. 

When using reaction methods of resonance indication 
the point of maximum reaction is where the greatest frequency 
shift occurs, so care should be taken to make the reaction as 
small as possible or else the setting should be made by lis
tening to the beat note as outlined previously. 

In making frequency measurements with a wavemeter, 
it no care Is taken to eliminate or mlrilm!ze the various ef
fects which have been discussed, the best accuracy which can 
be realized is about 0.5 per cent., but if due attention is 
given to them, the rated accuracy of the waveaeter can be 
reached. 

~ Use as a Heterod~e Jayemetpr Through the use of the 
Type 423 Vacuum-Tube~cillator, a T.fpe 224-A or a Type 
224-L Precision Wavemeter may be converted into a heterodyne 
wavemeter. This enables settings to be made with much more 
precision than with the wavemeter alone. 

The wavemeter calibration is no longer correct 
when the oscillator is attached. Approximate corrections 
for the effect of the oscillator on the calibration can be 
made, or if desired, the wavemeter can be recalibrated with 
the oscillator unit attached. The absolute accuracy of the 
calibration is no better than the stability or the tuned 
circuit allows, and is conservatively set at 0.25 per cent. 

The advantage of the heterodyne wavemeter over the 
usual resonant-circuit type lies in the ease with which set
tings are made and in the fact that the calibration can be 
checked periodically if any sort of frequency standard ia 
available. Also, through the use of harmonics of the het
erodyne wavemeter fundamental, the useful range of the in
strument may be extended to many times that of the original 
calibration. 

For price and a complete description of the Type 
423 Vacuum-Tube Oscillator consult the current catalog of 
General Radio laboratory apparatus. If you haven't a copy, 
a request on your business letterhead addressed to the Gen
eral Radio CompaQf will bring you one. 

~ Use in Other Types of Radio-Frequency Measurements 
These measurements require in addition to the wavemeter an 
oscillator continuously adjustable through the range of fre
quencies over which it is desired to make measurements. 
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~ Measurement of the Resongpt Freguepcy of a Typed Cir-
£J.?J.1 The oscillator is adjusted to the natural frequency 
or the tuned circuit by means of the reaction on the plate 
or grid current when the tuned circuit is coupled to the os
cillator, or by means of the "click" in the telephones if 
the oscillator is a heterodyne detector (oscillating radio 
receiver). The frequency of the oscilJator is then measured 
with the wavemeter, and the frequency read from the calibra
tion chart. 

il.£2 Mee:mrement of tho Apparent Inductance of an Inductor 
at Radio Frequepcies The oscillator is set by means of 
the wavemeter to the frequency at which it is desired to 
make the measurement. The inductor to be measured is con
nected in place of the wavemeter inductor, and the condenser 
is varied until the wavemeter is in resonance with the os
cillator. The inductance is then determined by 

f= 

L= 

C= 

very closely where 

oscillator frequency as measured by the 
wavemeter 

apparent inductance in henrys of inductor 
under measurement 

capacitance in farads. (micromicrofarads 
x lo- 2) of wavemeter condenser when used 
with inductor under measurement. This 
may be determined from the condenser cal
ibration. 

~ Measurtmept gf the Capacitange of a Condenser at R~ 
dio Frequencies While the wavemeter condenser may be 
used as a standard in bridge measurements of capacitance, 
an approximate measurement may be made by means of the wave
meter at radio frequencies with no more auxiliary apparatus 
than an oscillator. 

The condenser to be measured is connected to the 
wavemeter in place of the wavemeter condenser and the oscil
lator is adJusted to the resonant frequency of the parallel 
tuned circuit thus formed. The wavemeter condenser is then 
replaced in parallel with the wavemeter inductor and the 
w&vemeter is adjusted to the oscillator frequency. The ca
pacitance of the unknown condenser is then equal to the ca
pacitance of the wavemeter condenser at this setting. 
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~ !!!!:t~e:t §!df~aj~!~;:ct:~ Disti~ur:~u~t~~cr;'~~:-
nected in place or the wavemeter inductor and the wavemeter 
is set to resonance with the oscillator at two rrequencies, 
separated by a considerable interval. 

Ir the subscripts "1" and "2" are understood to 
refer to the two readings and 

and 

f ~ !requenc.y in cycles per second 

C = capacitance (in farads) or wavemeter con-
denser at resonance 

~=distributed capacitance (in farads) or coil 

L = inductance {in henrys) or coil 

If= .l znr L(c.-tCo) 
-& = 1 

ZITI L-(C:z-tC.) 

Solving these two equations we obtain 

Co= F;:.C~ -tC, 
ff~- fia. 

L = J - ---=i.......-~ 
'IT12 F. 1(C.+Ca)- 4n ... f;_"- (G.+Co) 

~ Measurement of Small Qapacitance at Radio Frequencies 
The wavemeter is set to resonance With the oscillator. The 
condenser whose capacitance is to be measured is connected 
in parallel with the wavemeter and the wavemeter condenser 
scale reading is reduced until the wavemeter is again in 
resonance with the oscillator. The difference between the 
wavemeter capacitances corresponding to these two scale 
readings is the capacitance or the unknown condenser. 

~ Measurement of the Etrectiye Capacitance of a Radio
Frequency Chpke Since most radio-frequency chokes act 
like condensers over their working ranges, a choke can be 
measured by the method o! Section 6.55 by connecting it in 
parallel with the wavemeter condenser. 

~ Use of Qondenser Calibration The condenser cali-
bration is accurate to within 1 mmr. at 1000 cps. 
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