




GENERAL RADIO COIIPAllY

OPERATING INSTRUCTIONS

FOR

TYPE 224 PRECISION WAVEKETEaS

loru1 Range:zu
224-A
224-L

70 - 24,000 meters
15 - 600 aeters

4290 - 12.5 xc.
2000 -500.0 xc.

NOTEs The ~pe 224 and Type 224-£ Prticislon W~Temeters are
identical instruments.

SECTIOII 1. PURPOSE OF TIlE IIISTRUllENTS

~ ~ Both instruments are intended primarily for
generar-Iaboratory and service uses where a rapid and rair
ly accurate measurement of frequency or wavelength is re
quired. Beside the usual measurement of the frequencies ot
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 Calls, and the
capacitance of condensers at radio frequencies.

A rrpe 224-L Precision Waverneter
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GDBlW. RADIO COIIP.lIIY

BECTlO' 2. PRl'CIPLE OF OPERATIO.

The tera "sTea.tar" Is generally u8ed to describe
a tuned circuit conaisting ot an Induetor and a variable ca
pacitance calibrated in tera5 or the natural wavelencth or
frequency ot the circuit. The circuit ulually contains 8 de
vice tor indicating resonance as defined by maxflll\W. current
1n the tuned clrcuit.

When tbe inductor or a wavemeter 1s coupled to •
source ot radio-frequency enerl7 auch as an oscillator, and
the ~Te.eter capacitance Is varied throueb resonance tor the
oscillator frequency, the reapODse of the current-indlcatinl
el.ment 1. as .ho"" in Figur. 2. Th. cond.ns.r s.tting cor
r ••ponding to max1llull current (C1l in Figur. 2) ia th. r ••o
nant .ettinl_

For a discussion ot wav_eters and ot resonance
phenoaena In tuned circuita, the user 1s referred to the
standard texts on radio communication.*

* Lauer Ie Bro""l. Radio lagin••ring Principles (2d od., ....
York, MCGra.-Hi 1 Book Comp~, Inc .. , 1920) ..

J. H. IIorecroftl. Principle. of Radio eo....unicatioo (2d od.,
Ii. York, John Wi ." • 8ons, Inc., 1927).

L.. 8. Palmer, Wireless Principles & Practice (London:
Langaan., Gr.on Ie Co. Ltd., 1928).

E. B. Koull1n, RaA10 Frequency Measurements (London:
CharI•• Griffin Ie Compalll', L1m1 tod, 1926).
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GllIIllIlAL IWlIO COIIPAIII

~ GePlrAl Bach or the wave••ters Is a closed low re-
sistance oscillatory circuit consisting ot an inductor, a
condenser, and a current indicator in series. The natural
frequency or the circuit 1s adjusted by .eans ot the conden
ser.

A photograph ot a Type 224-L Precision Wave-eter
Is shown in Figure 1. The appearance ot the Type 224-1 Pre
Cision W.vemeter Is identical except that onl1 tiTe induct
ors are normally supplied tr1 tb 1t.

SEeTIOIi 4. COIISTRUCTIOIIAL DETAILS, QUAIITITATIVl DATA,
AID CIRCUIT COISTABTS

~ Constructional Detail.
L..ll Inductors The inductors are caretully designed to
baTe approxtaatel1 laxweillan shape and low resIstance. They
are mounted in walnut Cases and connect to the condenser by
a.ans or a rigid connector strap Which 1s furnished with the
Instrum9nt. Five inductors are used to cover the normal tre
quency range of the type 224-A Precision Wavemeter and .ix
for the !7pe 224-L Precision Waves.ter.

i&12 Cond~sBr The condenser ls of the micrometer wor.-
drlve t7pe s1a1lar in constructlon to the General Radl0
Type 222 Precision Condensers).

iA1I fiAsgnanco Ipdicator The resonane. indicator is •
thermogalTanoaeter whieh ls mounted on the pan.l of the waTe
meter.

id Circuit Conatants and Other Data

* Additional inductors tor extending the range or these in
struments can be built to order lf necessary. We do not re
commend their use because the normal rang. is the maximum
with which a single-condenser instrument can be made to per
to~ satisfactorily.
tn>e 224 P.ge a
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224-A For complete 30-1480 lIIIl!. 4.5 ohms 0.02 /d. ll~ 1111••
rang. data

224-L see page 1 42- 260 1llIll.!. O.~ oblll. Ilone 300 1111••
or page 4*
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GEBRRAL RADIO COIIP&IIY

~ BAnge ot Operatlqp

i&Al RAnge or Operation: %YR' 224-4 PrecisiQP "Xllot'f

Coil A 75 - 250 meters ~OO - 1200 kc.
Coil B 250 - 800 .eters 1200 - 375 kc.
Coil C aoo - 2500 aeters 375 - 120 kc.
CoU D 2llOO - 7700 alters 120 - 38.9 kc.
Coil B 7700 - 24,000 .eters ZS.9 - U~.5 kc.

~ Bang. of 0plration; Type 224.-L PregisioD WaYamster

Coil A
Coil B
COU C
Coil D
Coil E
COU 1!

15 - 28 .eters
28 - SO meters
50 - 90 .etere
90 - l~ ••ters

165 - &00 -etarl
ZOO - 800 aeters

20,000 - 10'000710 kc.
10,710 - 8 kc.

8000 - 25~ kc.
~ - lele kc.
ISle - 1000 I<c.
1000 - 500 kc.

i&i Cal1bratlgA Two calibrations are furnished, one gIv
ing the frequency and waTelength correspODding to scale read
ings tor each inductor, and the other liTing the capacitanc.
ot the condenser as a function of its scal. [eAdine_

~ 4ccurogr The design Bnd method ot calibrating tbese
wavemeters Are such that the usef can depend on their reso
nant frequency beiDl within 0.25 per cent. ot the values giv
en in the calibration chart for a period of one year from
date or purchase. Whether or not thi! accuracy is re.lized
in practice depends on the aethad of measure.ent and the care
with which the user makes the measurement. 80me ot the rac
tors .ffecting the accuracy of wa?&meter measurements are
discussed in Section 5. Each wavemeter 1s calibrated in our
laboratories _1th the best possible prec1sion alainst an os
cillator whoa. calibration is Checked at regular intervals
8sa1nat the Oeneral Radio primary standard ot frequency.This
primary atELOdard 1s a General Radio atandard-l'rttquency Assem
bly, the frequency of which 1s lalOJIfD to cona,lderably better
than one part in a million (0.0001 per cent.). Wa?eleneth
calibrations are obtained rrom these frequency measurement!
by use or the conversion factor 299,820.

Although the accuracy ot calibration is better
than 0.25 per cent., allo.ance must be made for small obser
••tional errors in dr.wing and using the calibration cUrTea,
and tor a,lne and temperature ettects in the tuned circuit.
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GEllERAL RADIO COIU'AIIY

These errors, although individually small, maT b. cuaulat1Te
aod they definitely l1a! t the aceurael to wh1ch the instru
Dlent can be cuaranteed.

SEeTIOB 5. OPBRlTIBG INSTRUCTIONS

~ GODeral To use the waY.meter it Is merely nec~s-

8ary to open the wooden carrying cas8, 11ft out the conden
ser by the handle, and connect the necessary inductor to it
b1 ••ans ot the connecting strap (see Pigure 1). One wave
length frequency calibration chart tor each inductor and tbe
frequency calibration chart tor the condenser will be found
In tbe carrying case.

When Dot 1n use the wavs••ter should be diss••bled
and kept in the carrying case to protect it trom dust and
other unnecessary ••ar. It it Is necessary to ship the in
strument, reaemblr that the carrying case 1s not ot itself
sutficient protection against daa8&8. Pack it well.

~ Calibration Chart While the calibration chart aay
appear strange at first glance, it it is held at the level
of the .,e and rotated through an angle ot 45°, it w11l be
s.en to be a section ot special non-linear coordinate paper
and 11&1 be read as eaai1¥ as the ordinary chart.

If it is desired to deteraine the frequency or
wavelength corresponding to a giTeD scale reading, proceed
as tollows:

z•
=o

Fig-ure 3
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GEllERAL RADIO COllPAIIY

A. Hold the chart .ith its long dimension ver-
tlclll.

B. Locate the scale reading at the lett-hand
s1de or the chart.

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

D. From point thus determined on curve, follow
diagonal lines upward to right until right-hand edge ot
chart 1s reached.

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

This procedure can be greatly simplified it one
right-angled corner of a card or piece of transp&rent cel
luloid such as a drafting triangle 1s used to follow the
lines of the scale. Simply place the card on the chart so
th6t the corner fests on the curve and the edses are paral
lel to the lines of the chart. (See Figure 3 ).

SEerION 6. SUGGESrIONS FOR USE IN MEASUREKENrS

~ Absgrption Methgd To measure the frequency of an
oscillator or other radio-frequency source, the wavemeter 1,
placed in the vicinity of the oscillator in such a way that
sufficient energy is absorbed by the waveaeter to produce a
readable deflect10n on the thermogalvanometer at resonance.

The condenser or the waveaeter is varied until a
IIL8xill.ua reBd1.lsg 1s observed on the ther:Elogelvanometer. The
seale reading corresponding to this maxiaum is used in eD
tering the calibration chart to determine the frequency or
wavelength. Ir the maximum 1s broad and extends over sev
eral div1sions, a more precise estlaate of the resonance
point may be made by varying the scale reading on both sides
ot the maximum until the tneraogalvanometer reading 1s re
duced by a given (small) amount. The point halfway between
these two scale readings, (1.e., the average of the two) may
then be used to enter the calibration chart.

CAUTION: If the wave=eter 1s coupled too closely to a pow
errul oscillator the theraocouple wi~ be burned out.

Care should be taken to avoid the W3vemeter "pull
ing" the oscillator frequency. With. very lo~ power osc11
lator where close coupling is necessary to produc. a read
able deflect10n on the thermogalvanometer, the oscillator
may assume the wave meter rrequency as resonance is approach
ed. When th1s occurs, the current maximum _Ill appear to be
very broad and the tbermogalvanolleter reading will drop sud
denly beyond resonance 85 the oscillator assumes the frequen
cy ot its own tuned circuit. It this happens, the osc1lla-

Type 224 Page ~



GENERAL RADIO COIlPAIIY

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 Method It the oscillator being measured
has not sufficient power to deflect the thermogalvanometer,
the reaction of the.w~vemeter on the oscillator caD be used
to determine the resonant reading. As the wavemeter 1s va
ried through resonance, a slight change in the plate cur
rent ot the oscillator takes place. Provided the coupling
between the oscillator and the WBvemeter 1s small, so that
the reaction on the oscl113tor 1s Just perceptible, this
method can Be used with fairly accurate results. It 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 inrluenced slightly by objects
in its immediete Vicinity. If a metallic body is placed in
the field of a w&vemeter inductor, its effective inductance
may be materially changed, and the calibration is no longer
correct for the conditions under which it 1s used. Similar
ly the capacitance of near-by objects will affect the fre
quency of an oscillator. When a wavemeter is placed near an
o.cillator, both etfects occur; the wavemeter changes the os
cillator frequency and the presence of the oscillator atfects
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 15 made and may
cest be determined by Qxperiment.

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

Figure 4
l'UQUr:r«;, Of' ~Il.L""OIt]
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GEllEI\i.L IWlIO COKP.on

act as the prll1a1"7 and lecondary nndines or a transformer,
and the impedanci ot the wavemeter Is reflected into the os
cillating circuit. The magnitude ot the reaction depends on
the LIC ratios ot the two circuits, and the amount ot coup
lIne bet•••n th... When the waY8meter 1s set to resonance,
the impedance renected into the oscillating circuit 1s pure
ly resistive, and the change 1n oscillator frequency thus
produced 1s negligible. It the wave.,ter 1s not in resonance,
the reflected impedance has a reactive component, and the
frequency ot the oscillator 1s materiallY changed.

As the capacitance ot the waYemeter condenser Is
varied through resonance, the frequenc1 change. as shown 1n
Figure 4, where the zero axis represents the frequency or
the oscillator before the wavemster is coupled to it.* The
po1nt at which this curve crosses the axis 1s the setting at
'ihlch the WSTemeter 1s in resonance, and this setting should
be used 1n entering the ca1ibrat1on chart.

The frequency change shown in the diagram can be
detected by l1stening in a heterodyne detector as the wave
meter condenser 1s varied. It the heterodyne 1s set to zero
beat with the .aveaeter far from resonance, theD as the waV8
meter is tuned, the frequency or pitch at the beat note w11l
rise and then fall to zero twice. The direction at the be.t
frequency change cannot, ot course, be detected. For pre
cise measurements, this is an excellent method of adjustment
to use.

The exact shape ot the CurT8 ot Pigure 4 is not the
same for all oscillators, and in some cases ditficulty may be
experienced 1n detecting it. With a "fery powertul oscillator
and e~tremely loose coupling, the change may be so small that
it cannot be observed. If this frequency shift 1s or the or
der of 0.25 per cent. ot the working frequency, the coupling
1s too close.

With 8 giTen wavemeter and oscillator and a given
coetticient ot coupling between them, the magnitude of the
change 1s ent1rely independent ot the oscillator power. The
higher the power of the oscillator, hO.8~er, the smaller tbe
degree of coupl1ng necessary to produce 8 given deflection on
the thermogalvanoa.ter. Ose the smallest coupl1ng which will
giTe sufficient deflection or the thermogalvanometer.

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

* This discussion assuaes that the oscillator 1. uncontrol
led, that ts, that its frequency is determined by the react
ance of its tuned circuit.
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GEllERAL RADIO COIIPAIlY

are usually negligible. The capacitance effect of the pree
ence of the oscillator or power amplifier upon the wavemeter
1s, however, still present.

When using reactioD methods of resonance indication
the point of maximum reaction 1s where the greatest frequency
shirt occurs, so care should be taken to make the reaction aa
small as possible or else the setting should be made by lis
tening to the beat Dote al outlined preTiously.

In making frequency measurements with a wavemeter,
if no care 1s taken to eliminate or minimize 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 ot the waTes.ter can be
reached.

~ D~I as 8 aeterQd~e WayemetA[ Through the use of the
Type 423 Vacuum-Tube~cillator, a TYPe 224-A or a Type
224-L Precision Wavemeter may be converted into a heterodyne
~avemeter. 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
tor the etfect ot 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 stabllit7 ot the tuned
circuit allows, and is conservativel7 set at 0.25 per cent.

The advantage ot 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 perlodicallf it any sort or frequency standard ia
available. Also, through the use ot harmonics at the het
erodyne W6vemeter fundamental, the useful range ot the in
strument may be extended to many times that of the original
calibration.

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

~ DAO in Othor Types of RadiQ-Frequency Measurements
These measurements require in addition to the wavemeter an
oscillator continuously adjustable through the range of tre
quencies over which it is desire4 to make measurements.

:!Tpe 224 Page 9
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~ Measur,ment of the a,sonant Frequency of a Tuned Clr-
QY1! The oscillator 1s adJusted to the natural frequency
of the tuned circuit by means of the reaction on the plate
or grid current whep the tuned circuit 1s coupled to the os
cillator, or by meaDs ot the ·cllck ft in the telepbones If
the oscillator 1s 8 heterodyne detector (oscillating radio
receIver). The frequency of the oscllJator Is then measured
with the wa.emeter, and the frequency reed from the calibra
tion chart.

~2 Measuremept of the ~pa~ent Inductance of an Inductor
at RadiO Frequencies e oscillator Is set by means of
the wavemeter to the frequency at which 1t 1s desired to
make the measurement. The inductor to be measured 1s con
nected In place or the wavometer inductor, and the condenser
1s var1ed until the wavemeter is in resonance with the os
cillator. The inductance is then determined br

:l.rrtLc
very closely where

oscillator frequency as measured b.Y the
wavemeter

apparent inductance in henrys of inductor
under measurement

capacitance in tarads. (micromlcrofarads
x 10- 2) of wavemeter condenser when used
with inductor under lleAsur8lllent. Th.1s
may be deter&1ued from the condenser cal
ibration.

~ 1 ••suzt.Mnt Or the CapacitanGe pf a Cgndenser at ~
diD FrlgueoQieo While the wavelleter condenser may be
used as a standard in bridge measurements of capacitance,
an approximate measurement lIl8y be made by means of the wave
meter at radio frequencies with no more auxiliary apparatus
than aD oscillator.

The condenser to be measured is connected to the
wav••eter 10 place of the wavemeter condenser and the oscil
lator 1s adjusted to the resonant frequency ot the parallel
tuned circuit thus tormed. The waTemeter Condenser is theD
replaced in parallel with the wavemeter inductor and the
W&Temeter 1s adjusted to the oscillator trequency. The ca
pacitance ot the unknown condenser 1s then equal to the ca
pacitance of the wavemeter condenser at this setting.

t)'pe 224 Page 10
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~t~~e:f g;af~d~~=;M:~D1stieur~t~:~ci;~~~
nee ted in pl~c. or the wavea.ter inductor and the waYemeter
1s set to resonanCe with the oscillator at two frequencies,
separQted by a cODsiderable InterTal.

If the subscripts "1" and "2" are understood to
reter to the two readings and

F~ frequene,y in cyc18s per second

C ~ capacitance (in tarad.) ot wsTemeter con
denser at resonance

~: distributed capacitance (1n farads) ot call

L : inductance (ln henrys) or eOll

f,: ZTIrL~c.tC.)
&: 1 _

ZTfU..(C...C.)

Co:

Solving these two equations .e obta1n

f.'C. -r.t,
.£os "'.Fj - Iz.

L : 'tP·t.'(c..c.) = 4rff}~(G.+C.)

~ '.asUle-OPt ot S••11 Capacitapce at Radio FreQyencies
The wave.eter 1s set to resonance With the a.sillator. The
condenser whose capacitance 1s to be measured 1s connected
1n parallel with the wavemeter and the wavemeter condenser
seale reading 1s reduced until the wavemeter 1s again in
reson~nce with the oscillator. The difference between the
wavemeter capacitances corresponding to these two scale
readings is the capaCitance or the unknown condenser.

~ Measuremept of th@ Elfectly' CapAcitance of a Ra410
FreqyepcY Choke Since .ost radio-tr~quency chokes act
llke condensers over their working ranges, a choke can be
me&sured by the method of Section 6.55 by connecting it in
parallel With the wavemeter condenser.

~ U" of Cond'P50r CalihraUOA The Condenser ca11-
bration is accurate to within 1 mat. at 1000 cps.
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