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Magnetostriction Oscillators

By Horatio W. Lamson, Engineering Department

tions are shown in the central por-

PART Il ; Ju e tion of the figure. It will be noted
In the June issue of the “Experi- | == it that for the unstabilized circuit this
menter” we described the phenome- !"“ % current remains constant at two
non of magnetostriction and its ap- deu v milliamperes, while, with the rod free,
plication to frequency standardiza-  Z =2 l the plate current jumps rapidly to
tion as discovered by Professor G. 4+« ;’ += < S about four milliamperes as the sta-
< W. Pierce of Harvard University. 2 [ blliz:ng action is b.rought into play.
We propose at this time to discuss o The writer is indebted for the
other interesting features of this f;hove, and.conmdemble other data
work. | 1| in these r‘srtu‘.les, to a paper by Pro-
The reader will recall that use § 1 2 fessor Pierce published in the Pro-
was made of a rod of invar, nichrome, 3 Bl & ceedings of tge. Americ al Academy
or other suitable metal possessing =0 B ld ?\fpﬁlrtsl ;}l;g Sciences, Volume 63,—
magnetostm&t:;eb pruperhﬁs,l “h::‘}; 3 The independence of the rod-sta-
v su::ro;m 'n tge twn:i(;:naidocalate 2 {4  bilized frequency of the vacuum tube
i e B Pt be L Ll Ll 11 constants is more pronounced than
o e L Hal:tley ﬁacuum lju o) OO, Duismns in the case of the piezo crystal-con-
oscillator, b“}t “:'t:h % efcfc;up ng_, length will vary with increasing ca- trolled oscillator. For instance,
t:;-::er, = tw“l(.fl";lrs:u:h 5 flr(‘;l;ft pacity along the path ABCD’E. doubling the plate voltage affects
: ¥ mted b als exbarit That is, the wavelength or fre- the former by about one part in
lts r:;onn t 31; T su_t dinal pﬂ.;oi quency will remain stabilized at a 30,000 and the latter about six to
(; the m;durz ofng1 e c].; the constant value from 24.5 to 30 divi- eight parts in 80,000.
01 ¢ Sy i1l tm sr?illllwﬁei:ome ac. Sions on the dial and will then jump The accuracy with which the rods
:1:::3:;; 'Zizlbi?i;:; for an appreciable immediately to the unstabilized value may be calibrated merely by cutting
intervnf above and below thﬁ resonant st E . tl‘,em to the proper length, as deter-
% ; Similarly, if the condenser capa- mined by the equation:
pomt. on the tum.ng .cond?nser. city is decreased gradually with the V=21LF
This - standm:djzatzon is .apfl.‘)’ rod held so that it cannot vibrate, where F is frequency in cycles per
sho?m in the d:ug’ra!n whe.ren_l the {he wavelength will retrace the path second, L the length of the rod, and
horizontal scale (abscissae) indicates EDCBA ; while, if the rod is free to V the velocity of sound in the rod
arbitrary readings on the variable yibrate, the variation in wavelength expressed in corresponding units, is
condenser dial, the resonant point ywith decreasing capacity will follow illustrated by the follining dsihal

being at 24.5. Consider first the
lower portion of the figure. If the
rod is held so that it cannot vibrate
and the condenser is gradually in-
creased, the frequency will decrease
or the wavelength will increase as
shown, in the normal manner, along
the curve ABCDE. If, however, the
rod is left free to vibrate, the wave-

the path EDCB’A, being stabilized
at the natural frequency of the rod
from 24.5 down to 18 divisions on
the condenser dial, whence the control
suddenly breaks and the wavelength
drops abruptly to the unstabilized
value at A.

The variations in plate current
corresponding to these four opera-
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series of 21 stoic metal rods, 0.79
centimeters in diameter and cali-
brated in steps of one kilocycle from
10 to 30 kilocycles, were accurately
measured for frequency and length
at 20 degrees centigrade. The pro-
duct of the length in meters multi-
plied by the frequency varied be-
tween extreme limits of 2077.6 and
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2081.7, the average value being
2079.6, which is, of course, one-half
the velocity of sound in meters per
second in the rod. Using a similar
set of 32 nichrome rods, 0.96 centi-
meters in diameter, and calibrated in
one kiloeycle steps from 26 to 57
kilocycles at 23 degrees centigrade,
this product varied between extreme
limits 2480.3 and 2496.5, average
value 2490.3. It is interesting to
note that if a rod is cut or ground
slightly too short in calibrating the
frequency may be lowered by grind-
ing to reduce the girth of the rod.

In considering the use of magneto-
strietion rods as aceurate frequency
stundards the question of temperat-
ture coefficient of frequency is vital.
The following table gives this coef-
ficient for certain magnetostrictive
materials:

Temperature

Coeflicient

Material of Frequency
Nichrome — 000107
Monel Metal — 000151
Stoie Metal 000224
Pure Iron — 000171
209, Nickel, 809 Iron — 000159
8004 Nickel, 7095 Tron 000185
#095 Nickel, 609 Tron 000218

509 Nickel, 5005 Tron — 000064
606 Nickel, 409 Iron Non-Oscillatory
709% Nickel, 3096 Iron Non-Oscillatory
802 Nickel, 2005 Iron — 000124
Pure Nickel — 000182

This table shows, for instance, the
frequency of a nichrome rod drops
about .011 per cent per degree cent-
igrade temperature rise, while that
of a stoic metal rod, on the other
hand, increases some .022 per cent
per degree centigrade temperature
rise. The figures given in the above
table ave velatively large compared
with the temperature coefficients of
piezo-controlled  oscillators, which
may be taken as of the order of .002
per cent per degree centigrade. By
the use of proper alloys or properly
designed bi-metallic rods, it is pos-
sible, however, to obtain magneto-
strictive standards with a very low
or vanishing temperature coefficient.
Researches along these lines are at
present under way and will be re-
ported at a later date.

In the paper mentioned above
Professor Pierce gives considerable
interesting datn regarvding the use
of magnetostriction rods as absolute
frequency standards and their wide
application in the calibration of sec-
ondary standards.

For general laboratory use the
General Radio Company has de-
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signed the Type 389 Pierce Magneto-
siriction Oscillator. This instro-
ment includes the elements of the rod-
controlled oscillating circuit togeth-
er with a stage of amplification con-
taining a “speaker-filter™ in the out-
put. By means of a suitable con-
trol switch this filter may be insert-
ed or removed according to whether
or not a d.c. polarizing voltage is
desired at the output terminals.
Space is provided in the cubinet for
dry cell plate and bias batteries, the
six-volt filament battery being ex-
ternal. A rheostat and voltmeter
control the filament voltage, while
a sensitive milliammeter in the plate
circuit of the oscillating tube, which
is provided with an adjustable shunt,
affords facilities for close ohserva-
tion of the plate current.

Provision is made for increasing
the range of the variable air condens-
er several fold by the use of mica
condenser units and a suitable con-
trol switch. A magnetizing key is
also furnished whereby the rods may
be given the necessary initinl magnet-
ization by an instautancous applica-
tion of current drawn from the plate
battery.

The plate and grid coils are
mounted together as a single remov-
able unit on the top cover of the cah-
inet. In this manner the pair of
coils best suited for the particular
rod to be used may readily be plug-
ged into the cirenit. The coil unit
contains a clamping mechanism for
supporting the rod at its center
point. By substituting one of the
General Radio Type 384 coils for
the Magnetostriction coil assembly
a variable electric oscillator of the
familiar Hartley type is obtaincd.

The high-mu Radiotron UX 240
or Cunningham CX 340 is recom-
mended as the oscillator and the Ra-
diotron UX 112-A or Cunningham
CX 312-A tube as the amplifier,

The Type 389 Oscillator is con-
tained in a walnut cabinet 1234"
long by 8” high by 1234” deep and
weighs approximately 18 pounds.

As a conyenient instrument for the
ealibration of secondury standards
and other purposes the Type 489
Pierce Twin Magnetostriction Oscil-
lator has heen developed. This con-
tains two complete Type 889 Oscil-
lators and amplifiers built into a sin-
gle convenient and portable instru-
ment with provision for using com-
mon self-contained B and C batte-
ries. Separate filament switches and
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rheostats enable either one or both
oscillators to be used at will. A sin-
gle filament switch for checking the
filament voltage of one or the other
system is used. Provision is made for
varying the eclectro-static coupling
between the two oscillators.

One of these twin oscillators may,
if desired, be stabilized by a rod
while the other takes the form of a
variable Hartley oscillator (using
the General Radio Type 384 coils).
In this manner an extensive series of
beat notes having definite harmonic
relationships to the fixed fundamental
[requency of the rod is made avail-
able for use in calibrating a wave-
meter or in similar work, or, if de-
sived, both oscillators mav be rod
controlled and definite fised beats be-
tween them obtained.

The Type 489 Oscillator is mount-
ed in a cabinet 1914” long, 8" high
and 1134" deep, and weighs approx-
imately 30 pounds.

Both of these instruments are li-
censed for manufacture under pat-
ents pending of Professor Pierce and
under Patent No. 1,113,149 for ex-
perimental use only.

Nichrome rods having natural fre-
quencies at any values between 5 and
50 kilocycles are readily supplied.
These are nominally supplied cut ap-
proximately to the desired frequency
with the exact frequency measured
to a precision of 0.1 percent.

Special rods above or below these
limits may be made to order, also
highly accurate composite rods of
low temperature coefficient.

The following are net prices on
this equipment, The 389 and 489
mstruments are furnmished less tubes,
hatteries, coil units, and rods.

Type 389 Pierce Magnetostriction
Oscillator $195.00

Type 489 Pierce Twin Magneto-
striction Oscillator ..... $275.00
Nichrome rods within range 10,000
to 50,000 cycles cut approximate-
Iy to specified length and measured

T LR S P $25.00

Rods ent to 0.19% of required fre-

JUENOY & ue s sl s $40.00
Magnetostriction Coil Assembly

$30.00

T'ype 384 Coils for Variable Hartley

Oscillator ....... $3.00 to $8.50

Prices of special rods on applica-
tion.
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Type 330 Filter Sections

Electrical filters are used extens-
ively in studying the characteristics
of communicalion equipment and in
the transmission of electrical im-
pulses of multiple frequency as ex-
emplified by speech or music. Such
filters consist of capacitance and in-
ductance networks so designed that
they allow certain frequencies to pass
readily through them while at the
same time they attenuate other fre-
quencies strongly, By the use of
filters, for instance, a composite
sound may be divided into several
parts or a fault in telephone ap-
paratus may be remedied by attenu-
ating or placing emphasis on certain
vanges of the frequency speetrum.

Filters may be divided into four
general classes as follows:

(1) Low pass filters which cut
off all frequencies above a definite
predetermined value,

(2) High pass filters which cut
off all frequencies helow a predeter-
mined value,

(3) Band elimination filters
which cut out all frequencies be-
tween two predetermined values.

(4) Band pass filters which cut
out all frequencies below the lower
and above the upper of two prede-
termined values.

These four classes of filters can he
formed in a variety of networks,
some simple and others more compli-
cated in their structure. For a theo-

retical discussion of such filter net-
works the reader is referred to two
texts; namely, “Transmission Cir-
cuits for Telephone Communication™
by K. S. Johnson, and “Electric
Waves and Oscillations” by G. W.
Pierce.

An electrical filter may consist of
u single network or section, or it may
be rendered more effective by con-
taining several recurrent sections
Joined in series.

If the variation in freqency is plot-
ted horizontally, usually upon a log-
arithmie scale, while the correspond-
ing attenuation of the high or low
pass filter is plotted vertically (uni-
form secale) the so-called transmis-
sion surve of the device is obtained.
This curve will have a steeper slope
in the region of the cut-off frequency
as the number of recurrent sections
is increased. As a general rule, how-
ever, it 1s not worth while to use more
than three similar recurrent sections.
It is interesting to note that a mul-
tisection filter will have a number of
humps in its transmission curve
equal to the number of sections used.
These humps can usually be detected

only by careful measurements and

%G, %C,
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are accordingly of minor consequence.

As an aid to the experimenter who
desires to study the characteristics of
such filters or to use them in commun-
ication cireuits, the General Radio
Company has developed a series of
simple high pass and low pass filter
sections mounted in individual cases.
The high pass filters take the form
shown in Fig. 1, which is known as a
T type section; while the low pass fil-
ters are constracted in the form of a
T section shown in the Fig. 2.

Cut-Off
Type Number Form Iterative Tmpedance Frequency
430-A TLow Pnss 600 ohms 8500 eyeles
830-1% High Pass 600 ohms 800 eycles
#30-C Low Pass 6000 ohms 500 cycles
330-D High Pass G000 olms 500 cycles
330-17 Low Pass 600 ohms 1000 eycles
830-1" High Pass 600 ohms 1000 eyeles
a30-G lLow Puss 6000 ohms 1000 eycles
830-11 High Pass 6000 ohms 1000 cycles
8330-J Low Pass 600 ohms 2000 eycles
330-K High Pass 600 ohms 2000 cycles
830-1. Low Pass 6000 ohms 2000 cycles
330-M1 High Pass G000 ohms 2000 cvcles

D,
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In order to determine the electrical
constants of the elements of such a
filter it is nccessary to know two
things.  First, the desired cut-off
frequency, ¥, and second, what is
known as the iterative impedance, Z,
of the cirveuit in which the filter is to
be placed. The values of capacitance
and induetance for the high pass fil-
ter section may then be computed
from the equations:

0.07958
C, = — Far:
1 ¥z Farads
Ly = —0'0-‘;?852 Henrys

where F is in cycles per second, and
Z in ohms.

For the low pass filter we have in
a similar manner:

0.3183
C; =
2 ¥7 Farads
o 9..31;:32 e

Below is given a list of high and
low pass sections having impedances
standardized at 600 or 6000 ohms
and cut off frequencies specified as
500, 1000 or 2000 cycles. These in-
dividual sections are built into
shielded metallic cans and comprise
a suitably designed laminated-core in-
ductanee unit together with two cal-
ibrated wax paper condensers. They
are provided with two input and two
output terminal posts which, as
shown in the illustration, have the
so-called “bottle-top” clamp screws
that permit the use of the convenient
General Radio Type 274 plugs in
connecting the section into any cir-
cuit.

The types listed, which carry a
net price of $12.00 each, represent
arbitrarily chosen values of imped-
ance and cut-off frequency which find
more or less extensive use in prac-
tice. The General Radio Company
specializes in equipment of this sort
and similar sections having any de-
sired electrical constants may be ob-
tained on special order at a slight
increase in price,
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Developments  in loudspeakers
made in recent months have resulted
in instruments which have extended
the reproducable range of frequency
by some seventy-five to one hundred
cycles downward. At the same time
there has been a downward extension
of the frequency range transmitted
by broadeast stations. These factors
have combined to revise the require-
ments for satisfactory performance
of audio transformers. A year ago,
there was little justification for au-
dio transformers reproducing fre-
quencies much below one hundred ey-
cles, since none of the speakers then
availuble were eapable of producing
an audible sound at such Frequencies,
even though it was present in the
broadeast transmission which it was
not.

As a result of these developments,
the low frequency cut-off of audio
transformers has heen moved steadily
until transformers are demanded
which will amplify sixty, or even thir-
ty ecyeles.

The design of such transformers
has not involved any new principles,
but rather the overcoming of practi-
cal difficulties involved in the adapt-
ation of well-known principles. The
problem of raising of the lower end
transformer characteristic is prim-
arily one of increasing the input in-
ductance of the transformer although
the lowering of the plate impedance
of tubes has had the effect of im-
proving the characteristics of trans-
formers of earlier designs. The in-
ductance of the transformer de-
pends upon three factors, the num-
ber of turns of wire on the coil, the
size of the core, and the permeahil-
ity of the core material. The gain
in inductance which may be had by
adding primary turns is limited by
the fact that the secondary turns
must also be increased unless the
turns ratio is lowered. The result
is the loss of high frequencies as n
result of coil capacity.

The high permeahility nickel al-
loys are being used to an increasing
extent for audio transformers. These
alloys of nickel and iron have the
property of high permeability at low
flux densities, the conditions encoun-
tered in audio transformer primaries.

These alloys have however some
disadvantages. The high permeabil-
ity is maintained over a rather limit-
ed range of flux density, and falls
off rapidly af higher or lower values.

Simply stated, such cores saturate
easily. This difficulty is becoming
more important as the plate currents
of vacuum tubes are increased. A
more serious objection yet is that
the transformer is permanently dam-
aged by an increase in field strength
such as might result from accidental
connection in a circuit without a “C."
battery, or where a “C. battery
was run down or where the plate cur-
rent was abnormally large for any
other reason. Such temporary in-
crease in flux through the core per-
manently changes the characteristics
of the material. Silicon steel on the
other hand is not permanently af-
feeted by increnases in flux. The fre-
quency characteristic of the trans-
former is of course affected by core

-saturation while it exists, but the ef-

fect is not lasting. These consider-
ations render the nickel alloy trans-
formers particularly valuable for
special laboratory work, or in cown-
mercial installations where care is
taken to insure proper operating
conditions. The ruggedness of the
silicon core type of transformer
however recommend it for general
experimental use where conditions
are frequently hard upon delicate ap-
paratus. All the electrical advan-
tages of the nickel alloys may be ob-
tained with silicon steel by adjust-
ment of other factors in the design.

It was found that when the low-
er end of the characteristic had been
extended as desired, by changes in
the coil and core, there was a ten-
tendency to resonance at high fre-
quencies as well as a falling off of am-
plification. These difficulties were
overcome by changes in coil design.
The resonance effects at high frequen-
cy are due to leakage reactance, i. e.
flux not linking both primary and
secondary coils, and by coil eapacity.
The loss of amplification at high
frequencies is due to internal coil
capacity, principally in the second-
ary. It was found possible to re-
duce both these effects by a form of
coil construction which sandwiches
the primary between two sections of
the secondary. This type of winding
not only reduces leakage reactance
by increasing the eoupling between
primary and secondary, but also re-
duces the internal capacity of the
secondary by breaking it up into
two sections.

In the Type 585 Transformers
silicon steel has been used as a core
material. The coils are of the sand-

Silcon vs Nickel in Transformer Design

wich type deseribed above. The re-
sult of this construction is a trans-
former possessing a practically flat
frequency characteristic from 30 to
6000 cycles.

Bargains!

From bime to time we have ilenis
that have accumulated from over-
stock, design changes, or similar rea-
sons, which we prefer to move at
sacrifice prices in order that our reg-
ular stock may be kept fresh. Such
items will he listed in this column
whenever they occur., All offerings
are, of course, subject to prior sale.
In ordering, be sure to refer to
special sale price.

4000 T 'gge 214-A 20-ohm Rheostats
Standa esign. Overstock.
Qmmtity Unit Price
$1.25
BD 1.00
HOD .65

3500 Type 301 10-ohm Rheostats
Manufacturers’ type without knob

uantit Unit Price
8 10 : § .50
50 A5
500 25
1000 Type 301 6-ohm Rheostats
Standard Design. Overstock.
Quantity Unit Price
10 £ .70
50 65
A0
2000 T'g)e 301 12-ohm Rheostats
Standard Design. Overstock.
Quantity Unit Price
$ .70
rm 55
500 A0

Because of the general availability
of condensers, we shall no longer list
our Type 236 Low Power Factor
Paper Condensers.  These condens-
ers are rated to stand continuously
800 volts D.C. and are tested at
500 volts D.C. They are mounted
in metal cans 1” x 1" x 4"”. These
condensers are particularly useful
for radio frequency by-pass work,
where low resistanee is of importance
The following quantities are availa-
ble, subject to prior sale.

225 0.1 Microfarad capacity
200 0.2 Microfarad capacity
25 0.25 Microfarad capacity
875 0.3 Microfarad capacity
375 0.4 Microfarad capacity
225 0.5 Microfarad capacity
Quantily (assorted) Unit Price

5 $ .40

10 .35

50 .26

100 .20

Regular price $1.00 net.
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