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contaet of the dise d1. In this position it is ¢lear
that there is a 1 to 1 ratio between the dise d-2 and
the wheel s with a resulting kv-a. hour registra-
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tien equivalent to kw. hours. As the power factor
hecomes less than 100% the reactive meter starts
to rotate and referving to Fig. 2 again the rotation
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of w/¢ is the cosine of the angle which measures the
departure of the axis xy from the unity power fag-
tor pesition. In Fig. 4 the mechanism has reachel
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the zero power factor position and the axis Xy
passes through the contact of the dise d-2, the watt-
hour meter being at rest. In this position we have
a 1 to 1 ratio between the reaetive meter dise and
the wheel w making reactive watthours equivalent
to kv.a. hours. With a leading power factor the
reactive clement veverses and Fig. 5 shows how

' Th Front and Rewr Views of Ball Mechanism

with a T0.7% leading power factor, the axis of ro-
tation is vertical but the wheel w still gives a cor-
reet integration of the veetor sum of the motions
which go to make up kv-a. hours. This could be
carrvied through the whole cirele diagram of lead-

“ing and lagging power factor and reverse power,

but with reverse power the wheel w would have to
be deiven from the lower part of the ball and this.
would cause mechanical interference.

There might, be some (uestion of whether there
would be any slipping in a frietion drive of this
sort, but measurements show that the power re-
quived to operate the pen, and kv-a. counter meeh-
anism is only one-eighth of the power requived to
slip the wheel w on the ball. By cheeking the rota-
tion of the watimeter dises against the recond on
the chart, it is found that the proper registration is
transmitted, which proves that the ball funetions
correctly, .

THE STANDARD WAVEMETERS OF THE BUREAU
OF STANDARDS*

T, L. Haba
Assoeiate Rleetrical Iingineer, Dureaw of Standards

The standards of radio frequency of the Burean
of Standards are wavemeters consisting of standard
variable air condensers with a number of inter-
changeable inductors. A deseription of these wave-
meters is given in this paper’. Tn Figs. 1 and 2-are
shown two of the types that the Bureaun has nsed.
The simpler one shown in Fig, 1 is the type of stand-
ard wayvemeter that was in use at the Burean until

1 The establishment of the frequency ealibration of theae
standards “and the associntod questiong of their abso-
Jute aecuracy are outside the scope of the present pa-

< per, That subjeet is covered in ‘‘Redueing the Gness-
work in Tuning,’’ by J. H, Dellinger, Radio Broadeast,
July, 1922, and in a Burean .of Standavds Scientifie
Paper now in preparation.

*Published by permission of the Director of the Bureau of
Standards of the U, 8, Department of Commerce.

about four years.ago. This wavemeter consisted
of a variable air condenser of special design, a fixed
induetor, and fwo copper wires Jjoining. the con-
denser and induetor in series. A hot-wire milliam-
meter with a single loop of wire commneeted to ifs
ferminals, as shown in TFig. 1, served to indicate
resonance, A number of ealibrated condensers and
several indnetors furnished sevéral wavemeters
covering . a wide range. These condensers and in-
duetors are deseribed in. Cireular 74 of the Bureau
of Standards. After tests were completed with a
wavemeter of this type, the condenser, induetor
ard connectors were put away in a’case until needed
again, There was always the chance of changing
the calibration of the condenser by earr‘ying it from
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one place to another, and the chance that errors
were introduced by using different connecting
wirves, or that they were bent somewhat, introdue-
ing slight errors.
Improved Mounting

Much of the diffieulty mentioned above was over-
come by permaneutly mounting a standard variable
air condenser and conneeting leads for the eoil ter-
minals upon a table equipped with rubber-tived
wheels, With eareful treatment of the table, the
sonrees of error in handling the condenser and con-
necting wires were eliminated. The resonance in-
dieator for this wavemeter was a combination of a
single turn of wire and a Weston “thermogalvano-
meter”” Model 425, the latter consisting of a ther-
mo-eglement and a direct-current indieating instro-
ment. The turn of wire was mounted with its plane
parallel to the turns on the wavemeter induetor,
but was not fixed in position, It could be moved
along a line perpendicular to the axis of the wave-
meter coil. The indicating instrument and turn of
wire were connected to the grounded terminal of
the wavemeter. This wavemeter covered a range
from 30 to 4600 kiloeyeles per second (10,000 to 65
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meters) using a condenser of about 0.001 miero-
farad capacity and six fixed induetors.
Improved Type of Primary Standard

A wavemeter of this type was built having sev-
eral improvements in its construction, ehief among
these being the addition of four mica condensers
which conld be connected in parallel with the vari-
able air condenser to extend the range of the wave-
meter, and the addition of a mierometer adjust-
‘ment for the movahle plates of the variable air con-
denser. 'This wavemeter hag been deseribed in de-
tail in a paper by Mr, R. T. Cox® This wavemeter
is one of the primary standards of the Radio Labo-
ratory, covering a range from 348 to 4900 kiloey-
eles per second (86,000 to 61 meters) using six in-
ductors and various combinations of condensers.
The resonance indicator used for the majority of
the work with this wavemeter is a crystal detector,
two turns of wire and a sensitive wall galvano-
meter. :

Second Improved Type of Primary Standard

A second primary standard wavemeter has been
built sihnilar to the one mentioned above. Tt ig
shown in Fig. 2 and embodies the main features of

2 Bee Journal of the Optieal Soeiety of America and Re-
view of Scientifie Instruments, Velume VI, No. 2,
Mareh, ‘1922, p. 162, ““‘Standard Radio Wavemeter,

Burean of Standards Type R70B.’:. .
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construetion of the other primary standard wave-
meter, having a Bureau of Standards type variable
air condenser of 0,001 mierofarad capacity and fonr
miea condensers of (0.001, 0.002, 0.004, 0.008 miecro-
farad capaeity arranged to be gonnected in parallel
with the variable condenser. The mica condensers
which are shielded are mounted on a metal sup-
port, so that short links may be llH(“;(l' in conneeting
any condenser into the wavemeler civeuit,

The connections to the inductor are made of 3
mm. brass rod forming a rectangle 25 by 289 cm.
Tour rods support the conneetions to the induetor,
The two on the insulated side of the condenser are
of Pyrex glass, while those on the grounded side
of the condenser are of different matevials.  The
support nearer the condenser is of brass and con-
nection o the grotnd is made through its lower
extremity. ‘The support neaver the induetor is of
laminated phenolie insulating material. The box
in Fig. 2 encloses one of the inductors similar to
that in Fig. 1, which are interchangeable,

The inductors used in this wavemeter are of the
type deseribed in Burcau of Standards Cireular 74,
p. 320, *The three smallest induetors have heen en-
closed in hoxes to prevent the accidental displace-
ment of any of the turns and the resulting change
in the ealibration of the wavemeter, A fourth in-
duetor was not boxued in singe it had a great many
turns and the slight displacement of one or two
turng would not affect the calibration noticeably.
A fifth inductor has three layers, the layers being
spaced about one c¢entimeter apart.

The vesonance indicator used in the standard
wavemeter consisls of fwo turns of wire mounted
in a fixed posttion beside the inductor which may
be connected to either a model 425 Weston thermo-
galvanometer or to a erystal vectifier and direet-
current milliammeter.  The latter ecombination is
much more sensitive than the former and permits
much looser eoupling between the radio-frequency
generating set and wavemeter,  The instrument
shown in the photograph has a full-seale vange of
2 milliamperes, but when in use the enrrent iy nsu-
ally kept between 0.4 and 0.8 milliampere.  This
permits of extremely loose conpling between the
generator and the wavemeter. The resonance -
dieator civenit is not grounded or commected fo the
wavemeter cireuit in any way. A greater deflec-
tion may be obained by grounding the resonance
indicator civeunit at ecertain ranges of frequency,
but this iy noticed particularly with the erystal
vectifier and milliammeter whieh iy more sensitive,
than the other instrument. The inerease in deflee-
tion is caused by the apparent inerease in coupling
with the generator resulting from conneeting to
the ground connection. The increage in deﬂec‘_tion
is noticed particularly with the smaller indunetors,

*The Aeseription ‘of o similar get of seventeon induetors ?9
given in Bureau of Standards Loefter Cireular 108,
" Deseription of o Sevies of Single-Layer Induetance
Coils Suitable for Radio-TFrequency Htandavds.’?
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where there is likely to be a change in the ealibra-
+ion beeanse of the proximity of the two turns of
wire atl ground potential to the wavemeter inductor,

This method of resonance indieation permits of
looger coupling than may be obtained with the in-
dieator direetly in the wavemeter eirevit, except
perhaps for the very high fregquencies. When a

erystal deteetor and a sensitive wall galvanometer
are vised, the wavemeter may be from ten to twenty
feet from the gencrator, but such a combination
is not portable althongh very accurate results may
be obtained in this way. When an indicating de-
viee of 4 or B ohms resistance is placed in the wave-
meter cirenit, the ecquivalent vesistance of the
civenit is considerably increased and closer conpling
is necessary. ‘
Another feature of this wavemeter of some inter-
est ig the facet that the table is made with two tops
separated by pads of sponge rubber about 1%
inches thiek. The upper table top to which fthe
wavemeter cirveuit is aftached is thus prevented
from striking the main table top by picees of sponge
rubber between the apron and the main table top.
With four-ineh rubber-tived wheels the air con-
denser is kept gunite free from jarring and vibra-
tions when moving it about the laboratory. It is
quite important that this precaution be taken if
the calibration of the wavemeter is to be reliable.
The standard wavemeters are used with a ground
wire attached to the shielded side of the air con-
denser. This reduces the error in noting the
resonance point which is likely to be cansed by
capacity effects between the wavemeter cireuit and
the body of the operator. When making measure-
ments of frequency the wavemeter is coupled to
the radio-frequency generating set as loosely as
possible and gives suitable resonance indication.
The distance hetween generating set and wave-
meter will vary from a few inches at high fre-
quencies to several feet on lower radio frequencies.
The - operator always stands on the grounded side

of the wayvemeter when making measurements and

well away from the induetor.
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Data on Coils and Condensers '

The following tables give detailed information

on the primary standard wavemeter just deseribed.

Capacity of Condensers in Microfarads -

Variable Air Tixed Mieca

100 1750 T T1 s IV
0.00012  0.0012 0.001 0.002 0004 0,008
Ranges of Various Coils and Condensers
Coil and Frequency, Wave Length,
Condenser Kiloeyeles per See. Meters (Approx.)
Jombination 100 175°© 100 1750
B 4610 1500 65 200
0 1630 615 180 490
G 700 233 425 1285
G &I 241 172 1240 1740
G & II 174 148 1720 2110
I 280 93 1070 3220
H &I 95 68 3120 4380
H & II 70 a7 4300 5280
L 73 20.5 4100 10160
L &I 30.3 28.0 9900 13600
L & IT 22.3 18.3 13400 16400
Constants of Inductors of Primary Standard

. Wavemeter

Induetor
® o ¥ H L

Diameter, em..... L., X240 12,5 22.8 a47.9 38.0
Length, em......oo., 6.6 7.1 0.4 15.4 18.2
Number twrns,..... , 8 22 39 96 320
Spacing, em......... 08 0.3 0.2 0.2 0.1
Size wive (high fre-

queney cable) ..., 48x38 48x38 4B8x38 48x38 32x38
-Distributed eapacity, '

prf o 11 11 14 90
Pure induetance, R

@ henvies,......... 9.2 56 382 2430 22880
Equivalont resistance,

alms for frequency

corvegponding to 10°

setting of atr con- .

AeNSEY yvvirraves 2.4 2.2 6.2 113 ———
to 1750 setting of air .

condenser ..., .. 0.4 0.7 5.1 —
. e, rvesistance ohms,  0.27 044 154 4,1 21.0

The variable air eondensers used in the standard
wavemeters of the Burean of Standards employ
semi-civenlar plates. The capacity of such a con-
denser varies in direct proportion with the setting
of the dial or, in other words, the eapacity calibra-
tion curve is-a straight line if the extremes of the
scale ave omitted. Considering the 0.001uf con-
densers used in the standard wavemeters the ca-
pacity ratio from 10° to 175° is about 1 to 10. By
means of the vernier the condenser setting may.be
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read accurately to 0.1° or a capacity variation of
ahout {.64uuf.
Precision of Setting

The following values have been compnted on the
basis that a change in the resonance peint of 0.1
degree on the condenser geals can be detected. This
Is well within aetual practice in many eases but
may he somewhat better than can be depended
upon when miea condensers are added in parallel
with the variable air condenser.
Calculated Percentage Error for Reading Condenser

Scale 0.1° from True Resonance Point

Jondenser Air : ) )
sefting, eondenser Air with Alr with
Degurees alone 0,001 uf mies 0.002 uf mien

10 0.4 ©0.06. 0.08

20 0.15 0.08 0.02

30 0.12

50 0.09

90 0.06

130 0.04

170 0.08 0.02 0.02

Tig. 3 shows the pereentage errors in graphical
form, From eurve A it would appear that with the
variable air condenser alone if nsed below 40° on
the seale, errors above 0.1% ave likely to he intro-
duced. It should be borne in mind, however, that
the tuning and resulting resonanee point indieation

is very sharp.in this region so that the evrror from.

this souree is not likely to be as groat as is indi-
cated by the curve. Ilowever, if the condenser
calibration is ehanged slightly in the course of use
and this part of the scale is used, larger errors may
be expected than if the upper pait of the scale is
used, or a smaller induetor with a fixed condenser.
From about 40° to the upper limit of the seale the
precision increases from a possible error of 0.1%
to about 0.03%. s

Curve B is for the case of adding a 0.001uf mica
condenger in parallel. The error decreases from
about 0.03% to 0()1% It fm‘ﬂu‘r‘condensers are
added the error is decreased very much theoreti-
callv and praetically it becomes diffieult to deter-
mine the resonance point on aceount of the broad
tuning: ‘ -

Measurements may ‘readily he made with a
0.001 pf fixed condenser in parallel with the vm‘imw
induetors, and somewhat less oamlv with a 0.002 uf
condenser in parallel,

From the above it seems desirable to make nse
of the variable air condenser alone only above 40°
on the seale; An examination of the possibilities
of “fnlfilling this requirement, exeept - perhaps on
the highest f r cquenues at_ . present, shows the
{ 01] owing ;

- (il P Wlﬂl 0.001. juf mrm}npq coil T alone at 40,

Coil T witli 0,002 pf overlaps coil ¢ alone at 400,

; Coil G with-0.001 uf overlaps ‘eoil- H-alone at 400,

o Coll B with 0,008 uf overlaps:thvec-lnyer eoil rendily.
The data on the above coils apply pavtienlarly
Lt prlm&l‘y standard ~waveme‘r rowhich is given
the laberatory demgnm‘lon A, but are. also appli-
cable: to primary s‘randard B exeept ‘that it there
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is another coil after coil H, and the three-layer coil
is omitted. The largest coil of 125 millihenries in-
ductanee would not have this overlap unless much
more eapacity were added to the previous eombi-

nation. Another three-layer coil would furnish a
desirable addition to the primary standards and

would, overlap with a 0.001 uf condenser  well up
on the large coil. The larger mica condensers of
0.004 uf and 0.008 uf may be used to extend the
range of the wavemeter.
The statement was made almvv that from about
40% to the upper limit of the econdenser seale the
possible crror ranges from 0.1% to 0.08% and if
we take 0.1% as the largest permissible errvor, then
the variable air condenser should not be used be-
ow 40% on the seale. In the ease of the 0.001 uf
condensers used in the. standard wavemeters, the
capacity at 40° is in the neighborhood of 300 puf.
The eapacity ratio from 40° to 175° then is approx- .
imately 1 to 4 If no fixed capacity is to be used
with the variable aiv condenser, theve seems to be
no advantage in a condenser 0[ 1 to 10 vatio or
rather in having a low eapacity value for the lower
settings, It is a decided disadvantage and should
be avoided on account’ of the magnitude of the
possible ervors in its use. ITowever, if fixed con-
densers are to be used paralleling the variable con-
denger, the 1 to 10 ratio iy advisable sinee it gives
much better overlaps than would otherwise. he the

ease,
Summary

The primary standard of radio frequency of the
Burean of Standards consists of two standard wave-
meters which cover the frequencies in general vse,
viz, from about 18 to 4600 kiloeyeles per second
(16,650 to 656 meters), 'These wavemeters are quite
similar in general construction, cach consisting of
a variable air condenser, four fixed condensers, a
number of interchangeable induetors, and a reso-
nanee indieating device, all mounted in a fixed posi-
tion upon a specially vonstructed movable table.

The variable air condenser is about 0.001 uf max-
imum capacity and is a Bureau of Standards type
of eondenser, having its movable plates connected
to a metal shield which is conneeted to ground
when in use. Four shielded mica condensers are
also provided having ecapacities of 0.001, 0.002,
0.004, and 0.008 wuf,

Five inductors are provided for primary standard
wavemeter A, Four of the five inductors ave of
the mno'le]ayer spaced winding type, employing
skeleton frames of laminated phenolic insulating
material wound . with high- frequency cable and
forming coils of polygonal cross-section. The in-
ductors are provided with terminaly so that they
are interchangeable, The three smallest eoils are
boxed in to prevent changes in the inductor cont'
stants' from the displacement of a portion off the.
winding by handling.

(Continned on page 134)
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sonal Department of the Goodyear Tire and Rub-
ber Company, Akron, Ohio. .

Howard C. Whiston, M.I. '18, is still with the
(farnegie Steel (‘o., Steubenville, Ohio, His address
is 326 Reserve Avenue.

Norman E. Elsas, M.E. "18, has a position with
the Fulton Bag and Cotton Mills at Atlanta, (a.
Ie lives at 64 Fairview Road.

Paul L. Garver, M.E. "18, is with the Transporta-
tion Division of the Westinghouse Rlectric and
Manufacturing Co., 30th and Walnut Streets, Phil-
adelphia, Pa.

Ford H. McBerty, M.I. '19, is employed by the
De Laval Separator Co., at PPonghkeepsie, N. Y.

James R, Carson, M.E. 20, is associated with
Dwight P. Robinson and Company of 125 E. 46th
St., New York City.

Andrew M. White, M.E. 21, has left the Hudson
Motor Car Company in Detroit and is now in Balti-
more, Md. His address is The Homewood Apart-
ments. )

R. McConnell Matson, L., 21, is residing at 143
Furman Street, Schenectady, N. Y. where he is
employed by the General Electrie Clompany.

Walter R. Prosch, M.k. *22, has a position with
the Pratt and Whitney Co. in Dhiladelphia as a
sales engineer. Fe iy living at 213 South 45th St.

Carl V. Linn, M.E, ’22, has recently become en-
gaged to Miss Kvelyn Hnber of Bayshore, Lony
Island.

hear from

THE STANDARD WAVEMETERS OF THE BU-
REAU OF STANDARDS

(Continued from page 126)

The resonance indicator consists of two twag of
heavy wire fixed in position near the wavemeter
induetor and two indicating instruments. A ther.
mogalvanometer is used for coarse adjusiments and
a crystal detector and . c. milliammeter for finer
adjustment. The latter instrument permits of much
more aceurate indication of the resonance point
than the former.

The  condenser scale may be read correetly to
0.1° throughout its range. The precision of set-
ting the wavemeter to a given frequency is depend-
ent on the sharpness of the resonance point ag de-
noted by the resonance indicating instrument, which
in turn will vary with the amount of capacity in
the: wavemeter cireuit. For capaeity valnes such
as are in general use at this time the precision
varies. from 0.2% for low condenser settings to
about 0.02% with fixed condensers of about 0,002
micerofared capaeity. In the majority of work with
the wavemeter these values will vary between 0.1 %
‘and 0.03%. A more sensitive resonanee indicator

“is essential for work at higher ‘pwcision The pre-
cision of measurement may be inereased hy usine
more senmtlve resonance indicators,

[Vol. XXXVTII, No, 5

William F. Mahon, M.E. 22, is learning the cogl
business with the Delmar Coal Co,, at Fairmount,
West Va., where hig address Is 506 Fourth Street,

Hiram X, Ormgby, M.IE. '22, has a position -ay
sales engineer with the Armstrong Cork and In
gulation Company in West Vieginia,  He can he
reached at 1015 Broadway, Cineinnati, Ohio,

Irving G. MCChesney, M.E. 23, is employed by

“the Rochester Gtas and Wleetrie Corporation as a

ITe writes that he would be glad to
any of the old bunch interested
power plant work.”’

‘Walter B, Hough, M.E. 23, is associated with the
Forest Produets Enginecring Company and is fem-
porarily located at South Ashhurnham, Mass,  is
address Is Box 120,

Gerald De W. Mallory, M.IL "23, is employed hy
the Goodyear Tire and Rubber Company at Akron,
Ohio,

Graham D, Horne, IL.I. 23, iy in the testing de-
partment of the General lul(-('inu Company, at Sche-
neetady, N. Y.

Alfred H. Marsh, Jr., M1 "2, has left Washing-
ton, D. (I, and is now in Pittshurgh, i address
is D469 Bartlett St.

test engineer,
141

A NOTE ON CRITICAL FREQUENCIES OF A
SERIES ELECTRIC CIRCUIT

(Coutinued from page 127)

the capacity reactanee. The maximum storage of
energy in the capacitance ocenrs at o frequency
eonsiderably lower, as shown by eq. (12). For
free oseillations the energy storage in the indue-
tanee and capacitance is the same, exeept for the
damping effect of the resistance, as the total enevgy
in the cirenit is stored, st in one and then in the
other. Tt is, therefore, logieal to expect the natural
frequency of the cirenit to fall somewhere hetween
these two frequencies, which it does,

Even though the amplitude of the enrrent de-
eveases as the frequency i inereased above the
point for which ols== lu(!, the decrease in eurrent
at first is smaller than the corresponding increase
in wli 80 that the maximum voltage across the in-
ductance is not reached until the frequency has
been  inereased consicderably (in this case 52%)

above that which gives maximum eurrent in the
cirenit,

For oscillograph vecords of transient and.perma-
nent conditions in similar eireuits, the reader is ve-
ferred to the. book on ““lalectric Transients’ by
Magnusson, Kalin, and Tolmie. A mathematical
treatment may be found in hooks sueh as <Tran-
sient Bleetric  Phenomena  and  Oscillations’ by
Steinmetz; “Eleetrie Oscillations and Waves” by
G. W. Pierce; “Alternating Currents’ by Alexan-

der Russell and *“Caleulation of Alternating Cur-

rent Problems’” by Louis Clohen.






