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TASK ORDER

Title: STUDY, DEVELOPMENT, AND PRODUCTION OF FERROSPINELS APPLICABLE TO TUNING
OF SEARCH RECEIVERS

Purpose of Task:

Procedure:

To Purther the development of ferrospinels of different incremental
permeabilities and low losses, with reference to specific applications

of interest to the Signal Corps such as RF tuning units.

The approach to the general objective will include:

a. The preparation, under controlled conditions, of specimens of
different compositions; ‘

b. The measurement of parameters such as the incremental and
initial permeabilities, the saturation inductance, the coercive force
and the @ (figure of merit) at verious frequencies;

c. The interpretation of these magnetic parameters in terms of
the composition, reaction temperature, pressure and other conditions
in the preparation of the samples; :

d. The relationship of the solid state properties of the cry-
stallite with the various measured magnetic parameters;

e. Theoretical explanations, where possible, for the relation-
ships found in 4. above.

Reports and Conferences:

a. Quarterly Task Order Reports shall be submitted reporting
technicel detail and progress under this Task Order;

b. Task Order Technical Reports of a final sumary type are in

general desirable and shall be prepared at the conclusion of investi-
gations of each major phase. Such reports shall be prepared es

iv



decided in conference between the Electronic Defense Group and the

Contracting Officer's Technical Representative in the Countermeasures
Branch, Evans Signal Laboratory.

Personnel:
Electronic Deflense Group:
Project Physicist: Mr. D. M. Grimes
Countermeasures Branch, Evans Signal Laboratory:
Project Engineer: Mr. Leon I. Mond

Components and Materials Branch, Squier Signal Laboratory

Project Scientist: Dr. E. Both

Comments:

The classification of this Task Order as Unclassified shall not pre-
clude the classification of individual reports according to the in-

formation they contain, as determined in conference with the Contract-
ing Officer's Technical Representative.

M. KEISER

Chief, Countermeasures Branch

Contracting Officer's Technical
Representative



ABSTRACT

Theoretical work on an extension
of the reversible magnetization to include
the entire J-H loop is described. M"Tuning
Catastrophe™ is described and predlcted
under certain conditions. OQOur technique
for making ferrites 1s described, together
with the results of permeability measure-
ments on these cores at various frequencies.
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STUDY, DEVELOPMENT, AND PRODUCTION OF FERROSPINELS

APPLICABLE TO TUNING OF 3EARCH RaCEIVERS

"QUARTERLY PROGRE3S REPORT NO. 4, TASK ORDER NO. EDG-6
- . Period Covering July 1, 19583 to September 30, 1953

l. PURPOSE

The purpoéé of this report is to summarize the progress
made bf Task Group 6 of the Electronic Defense Group from July 1,
1983 to Sepﬁember 30, 1983 on the 3ignal Corps Contract No.
DA-36-039 sc-15358.

The purpose of the task is to further the development
of ferrospinels of different incremental permeabilitlies and low
losses, with reference to specific applications of interest to
the Signal Corps such as r-f tuning units.

The proposed program of Task Group EDG-6 waé outlined
in previous progress reports. Only those items will now be re-

ported which have been worked on during the period.

2. PUBLICATIONS AND REPORTS

Mr. Paul Nace attended the National Electronics Confer-
ence in Chicago on September 28, 1953. No publications were

issued during the quarter.
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3. FACTUAL DATA

3.1 Theoretical J-H Loop (D. M. Grimes)

It has become necessary to alter the simple procedure
of Sec. 4.1, QPR No. 3.

Our object now is to attempt to first of all describe
the J-H loop, and then to obtain an expression for it. Once this
is gotten it 1s hoped that Xo will follow from it.

To obtain the J-H loop we first note, as is very well
known, that for low fields magnetization occurs through wall
movement, at high fields through rotation of the direction of
magnetization inside a domain away from the easy directions. On
the basis of Brown's workl (Eg. 12 of II) one is lead to an ex-

pression of the form:

J - 1, .=
:T—s--ctnhn aka n = LoHJg (1)

for the high field region. L, is defined by X = 1/3 LOJSQ. How-
ever Brown evaluates X at H=J = 0, and thus obtains X = Xo' It
would seem that the X to be used here should be the X which repre-
sents the susceptibility due to rotational processes rather than
X o+ However, X pot &nd X o are usually of the same order so the
difference probably would not show up experimentally.

In the low field region the situation 1is complicated by
"snagging" of the domain walls by internal potential energy mini-
ma. Without this snagging, the magnetization should be given bylz

(Eq. 22 of II) - shown by the dashed curve of Fig. 1.
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n
3
i- =, [k tanh pdu
0

1’2
(2)
_ 3/3X LJgH
L= H s 'qz-:a?—

We now conéider the question, what value of X should be
substituted into the value for L here. When going from H = +®
to -~® , the value of J 1s always greater than it would be were
there no "snagging". When wall movements start the walls are re-
stricted by snags from moving freely. Thus curve "a" is traced
out. The dashed curve, for H >0 1s a monotonic increasing func-
tion of H with a monotonic decreasing derivative. From simple
arguments one can show thet the maximum slope of the dashed curve
must be very nearly equal to the maximum slope of line "a". The
maximum slope of the dashed curve occurs at J = 0. Therefore in
Eq. (2),

H 3V/3 Xmax

LJ
z and L = (2')
K V3 Je*

where X ., 18 the maximum slope of the J-H curve.

These expressions, Eq. (1) and Eq. (2), were derived by
Brown for the case made reversible by considering only minute
changes in H. In effect we are now assuming they apply equally
well to a system made reversible by hypothesizing the non-existence

of snags. This, however changes the boundary conditions so that

Xmax @ppears in Eq. (2!').
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We note the "snagging" will in effect change the value
of H in the argument of Egq. (2). The value of the displacement,
i.e. if one assumes 7 = L'-g—-“f’-(H-Ho), the value of H,, will depend
upon the volume of material through which a wall would have passed
but is restrained from doing so by the internal snags. This can
be represented by a distribution function representing the number
of "potential™ holes with a depth within a given region.

The results of this model are currently being considered

in some detail.

3.2 Tuning Catastrophe (D. M. Grimes; P. E. Nace)

Several mechanisms affect the frequency dependence of
the permeability of ferrite material. These arise from the
effective mass of the domain wall, from precession of the direction
of orientation of the domains and from dimensional resonances.
These result in a given p - w curve for a given specimen with a
given geometry.

When one designs a tuning unit it 1s necessary to con-
sider the above relationship between p and w in addition to the
change in permeability of the material as a result of a change in
its internal magnetization. It is intuitively obvious that, if u
decreases with w, when J is increased in the core of a tuning unit
causing pu to decrease and tﬁus w to increase, the frequency change
is‘augmented by the original u-w relation. The result is a larger
frequency range for the unit. We will now consider this

quantitatively.




Consider y as a function of ¢ and w. ¢ can represent

either magnetic biasing field or the internal magnetization. Thus:

},l,:p.((#), &))
du = (—%-;—)mw ¥ (‘3‘%)4; do (1)

It should be emphasized that Eq. (1) is a property of the particu-
lar ferrite core.
If the permeability 1s measured by means of a parallel

resonant circult we have an additional relationship

o= -t
V‘.LLQC
Define (2)
Wy = 1
v LoC
SO w2
b= 62"'
This gives:
dp = — 2t 4o (3)
w

Equations (2) and (3) are properties of the circuit into which the

core is placed. Upon substituting (3) into (1), we obtain

alnp/
T =-3 ( s P (4)
dn 1+ %’( gigm )¢
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1 dln - _ -
Note that if = (—ETE%)¢ < -1, the slope of the w-¢ curve be

comes infinite.

A family of curves (w-¢ ) is plotted in Fig. 2 for d4iff-
erent u-w spectra. Curve "b" in the shaded area represents a de-
creasing frequency for a decreasing magnetization. It can have no
physical significance. If the oscillations are not large enough
for the oscillations on line "a" to alter line "c" both frequencies
may be present at the same time. In this case the frequency
which suffers the largest loss, usually the higher frequency,
will soon be damped out. Thus the path to be expected is that
shown by the arrows.

This effect could lead to holes in the frequency spec-
trum the receiver is being swept over.

We will call the above discontinuity the tuning
catastrophe.

There is nothing in the above equations to limit them
to ferrites. They would be equally applicable to ferromagnetic
material. Also u could be replaced by € and the equatlons would
be valid for the ferroelectrics.

3.3 Transverse Permeabllity and Saturation Magnetization
(D. W. Martin; D. M. Grimes)

A considersble difficulty encountered in magnetic mea-
surements is the "demagnetizing field" induced in a specimen by
free poles appearing at its surface when it is magnetized. This

field is roughly proportional to the magnetization, where the
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proportionality constant N is dependent upon the shape of the
specimen. N can range from zero, for special geometries, up to
the value 4w for the limiting case of an infinitely short cylinder
magnetized along its axis. In this instance, the demagnetizing
field entirely cancels any applied field within the cylinder, and
there can be no magnetization at all.

Transversally, a toroidal core is essentially a disk, or

very short cylinder. It is estimated that its "demagnetizing

N

I is about 0.8, although it is not precisely known, and

factor"

1s really not even a constant. To see how this will effect mea-
surements, let the true field H be given by:

H=Hy - NJ
where H, is the applied field, and J the magnetization. Then

4nJ = (B - H)
(1)

n

(B - Ho)/ (1' %ﬁ)

so the true J would be 5 times as great as the apparent magneti-

zation, Jg = (B - Hy)/4m for %F = 0.8. Even more drastic is the

effect on the applied field necessary for a given degree of mag-

netization. For:

Ho = H + NJ

"

[l + %ﬁ (b - 1) ] H
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If u is large and %F is not almost zero,

114

1=

Ho wH (2)

which may be larger than H by whole orders of magnitude.

If the pole faces of the external magnet make perfect
magnetic contact with the specimen surface, and the yoke provides
s zero-reluctance path outside the sample for the flux, then
ideally the effective demagnetizing factor will be reduced to zero.
The new magnet mentioned in QPR No. 3, and now in service, was
designed for this purpose. It has accurately parallel plane pole
faces, of diameter over 40% greater than the core diameter, and
the gap is continuously variable from zero to about 1 cme. To
check its effectiveness, an old core has been fitted with a groove
to hold the leads from the inside girdle winding, so that the
latter do not project above the surface. Thus measurements could
pe made with both pole faces in firm contact with the core surfaces.
The apparent Jg of the core was then measured by the method of
QPR No. 3, Sec. 4.2 with this geometry, as well as with several
different géps between core and pole face. In fig. 3, the
apparent Jg (in arbitrary units) is plotted against the height
of this gap. It is seen that the curve rises sharply near the
nominal zero, so that true Jg (for perfect contact) is rather in-
determinate. Further steps such as careful polishing of core
surfaces, or filling the space between surfaces with a ferromagne-
tic dust, must be attempted in order to pin down a reproducible

Zero gape

10
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Although the windings are of No. 34 wire, the total
area embraced by the B winding is several percent greater than the
core area. Since the applied field is large, of the same order as
B (eq. 2), the flux through this additional area constitutes an
sppreciable correction to B.

Fig. 4 shows part of the B and{}wJa = (B - Hoﬂsvs. Ho
curve of core GC-G5 for a geometry in which there are equal gaps
on each side of the core, each of about 1/2 the sample thickneés.
Note that, with the above correction, the Jg curve levels off
nicely beyond saturation. The saturation value of 1890 for 4wdg
would be consistent with the parallel field value of 3400 if we
take for the effective demagnetizing factor

N . 1890 _
m=1- 0. 44

It should be emphasized that the abscissa of Fig. 4 is the applied

field Ho. The true field H given by

H=H, - NJ
= __Ho  _ B
N 47
- W -

is essentially unknown, since it is a small difference of two large
terms. It 1s zero within experimental error up to the base of the
curve, beyond which it increases rapidly up to about 1500 oersted.
The apparent Jg of thig core has bgen found for several
geometries, and each can be made to agree with the parallel data

by a reasonable and consistent value of %F' One preliminary recheck

12
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of the transverse incremental permeability has been done so far,

by the method of QPR No. 2, using the new magnet. In this method,
it is assumed that 4wJg is essentially equal to the measured B at
which pyp reaches its minimum, since H should be much smaller. In
QPR No. 3 1t is stated that this gives Jg values some 50% larger
than do the parallel measurements. The present readings give a
value still somewhat large, but much less so. It would appear that
the improved homogeneity of the field is probably responsible. So
it appears at present that the difference in Jg for the two direc-
tions is not real. Further study is in order to refine the methods
and the corrections to settle the question fully.

The present fluxmeter is found to be too sensitive. It
must be shunted to stay on scale, and presents annoying drift
problems. A less sensitive instrument has been ordered, which will
help reduce experimental uncertainties. We believe that this and
other refinements of technique will soon permit definite answers
to some of the questions. Issuance of the Technical Report on the
Theory of Reversible Susceptibility must await these developments.

3.4 Manufacture of the Ferrites ( C. F. Jefferson; L. Thomassen)

3.4.1 Equipment. The Harper Electric furnace, Model

HL-6 arrived early in the quarter. The oven has a maximum tempera-
ture variation of 10° C at 1200° C when it is set on thermostatic
control. The rate of heating and cooling is controlled by manu-
ally regulating a multiple tap transformer. The General Electric
Reactrol system is being investigated as a means of automatically

regulating the power input.

13
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A 10 ton hydraulic laboratory press was obtained to use
in pressing the cores. A heavier press is available for higher
pressures.

It was found that there was a considerable amount of
magnetic material in the nickel oxlide. A magnetic separator was
constructed in the laboratory for removing it.

The die used for pressing the cores has been modified to
facilitate removal of the core from the die. Fig. 5 shows the
die now in use.

3.4.2 Manufacture. The search for a better method of

mixing the oxides is being continued. A high-speed mixer was
tried, but since it was found that the mixer did not crush the
lumps in the oxides the possibility of using an ultrasonic vibra-
tor as a means of mixing the oxides 1s being investigated. Until
a more satisfactory method is found the oxides will be mixed in
the ball mill.

Most of the cores made prior to this quarter were made
without the use of a binder. This was done in order to reduce
the number of variables in the preparation of the cores. Now that
a greater number of cores are being made it has been found
necessary to use a binder to lubricate the die and facilitate re-
moval of the cores from the die. Several binders were tried, such
as aerosol, carbowax and ammonium oleate. Ammonium oleate has

proven to be the most satisfactory binder tried to date. This

14
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binder works remarkably well under high pressing pressure.
Pressing pressures as high as 40 tons/ sq. inch have been used on
specimens 2.2 mm thick without laminations. No higher pressures
have been tried. No attempt has been made to evaluate the effect
of the various binders on the fired core. All binders were
evaluated only insofar as they effected the pressing operation.
Cores have besn made using pressing pressures of from
2 to 40 tons/ sq. inch. The density of the cores were calculated
from the volume and weight of the cores. There does not appear
to be any increase in density as the pressure is increased. There
1s, however, a considerable change in the percentage of linear

shrinkage as the pressure changes:

FRESSURE % LINEAR SHRINKAGE DENSITY
(tons/sq.inch)
2 20.5 4.75
16 13.4 4,75
20 12.2 4,80
30 11.2 4,75
40 10.5 4,80

Micrographs of cores pressed at 2, 10 and 20 tons/ sq.
inch were made. No distinction could be made between the cores
as far as the volds were concerned.

The oven is so arranged that the cores can be fired in an
atmosphere of oxygen. The oxygen flow is regulated with a gas
flow meter. The oxygen is introduced into the oven through a

vycor tube placed in the chamber.

16
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3.4.3 Metalographic Polishing. The ferrite material is

difficult to etch. It has been found that the grain boundries can
be brought out, however, by etching for 1 minute in a boiling
solution of .05 N SnClg in concentrated hydrochloric acid.

3.5 Chemical Analysis (C. F. Jefferson)

An analysis of a ferrite material for nickel and iron
was obtained from the National Spectrographic Laboratorics. From
the values obtained, the per cent of Oo was determined by differ-
ence. This calculation indicated that the material was deficient
in oxygen. This would indicate that some of the cations were
present in a reduced state. For this reason it was desired to
determine the amount of ferrous iron present in the material
directly.

The most direct method would be to dissolve the ferrite
in HCl under a COo atmosphere and titrate the ferrous iron with
potassium dichromate. It was found, however that nons of the
common solvents would dissolve the ferrite. The ferrite was even
insoluble in HF. The only convenient method found to dissolve the
material was to use SnClo in HCl. For this reason the following
method was used:

The material was dissolved in a standardized solution of
SnClg in HCl under a COp atmosphere. After the material was dis-
solved, the amount of ferric iron was determined by titration with
the same standard solution of SnClos. The total iron was then de-
termined in the same sample using the potassium dichromate method.

The amount of ferrous iron was then calculated as the difference
17
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between the total iron and the ferric iron.

An analysis of ferrous iron by the above procedure on
the same sample submitted to the National Spectrographic Co.
showed no ferrous iron present.

In order to check the above procedure, & laboratory now
running routine ferrous analysis has agreed to make a determina-
tion on gseveral samples for us.

3.6 Low and Mid-Frequency Permeability Spectrum (B. Hershenov)

3.6.1 Permeameter Measurements. The primary core for the

4-9 mc/s range in the r.f. permeameter arrived this quarter. The
core shipped previously was returned because the capacitance 1in
the primary windings was too large. At 7 mc/s with this core, the
permeameter yielded capacitive readings with the secondary opened.
The cores that have been manufactursd here have all been measured
in the frequency range spanned by the permeameter cores. Table I
indicates the results of four of the recent cores all manufactured
under different conditions, as compared with the results of speci-
men A-5-2 reported in the last progress report and two cores,
305 and 306, General Ceramics G bodies furnished by the Mr. G.
Dewitz of the C.G.S. Laboratories. 305 was listed as satisfactory
and 306 as having a low Q. Within any one group of cores, such as
A-16, all the cores ylelded about the same values for k] and poe
The notable exceptions to this were the specimens in groups A-21

and A-22. At the lower frequencies ] varied as much as 200, while

18
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TABLE I

£=1.2x106cps £=4x106 £=7x108¢cps

SPECIMEN Ky he H1 w2 Bl He
A-5-2 334 66 324 250 262 227
A-16-1 184 12 212 50 201 81
A-17-4 400 36 475 238 367 237
A-21-1 681 98 74 638 637 718
A-22-2 680 74 763 540 633 525
305 345 9 430 129 428 272
306 357 30 431 141 380 208

COMPLEX PERMEABILITY FOR SEVERAL SPECIMENS

19
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at the higher frequency pg varied by as much as 200. The specimens
in this group were pressed at a load of one ton (approximately 2
tons/inz) as opposed to the other cores which were pressed at loads
ranging from 8 to 20 tons. At the lower frequencies pj is rela-
tively high and remains high at the upper frequencies, but g in-
creases rapidly with frequency.

3.6.2 Extension of Permeameter Range. A recent communi-

cation from P.H.Haas of Magnetic Measurements and Standards Section,
National Bureau of Standards, indicates that coils are now avall-
able for the r.f. permeameter which will extend its upper limit to
20 mc/s. These coils can be used without correction for capaci-
tance in the primary windings. The National Electronics Labs.

has informed us that cores will soon be available which will ex-
tend the lower limit of the permeameter to 100 kc. Orders have

been placed for both type cores with delivery in about six weeks.

3.7 VHF Permeability Spectrum (P. E. Nace)

3.7.1 Analysis of data obtained. Measurements of the

permeability and Q in the frequency range from 30 to 500 me/sec.
have been made in the past quarter on a selected nuﬁber of our
ferrite cores. These cores exhibited almost identical vhf permea-
bility curves although they were subjected to different manufactur-
ing processes. All the cores were 20-30 nickel-zinc cores with
some containing 0.75 mole per cent Vg0z. Of all the manufacturing
parameters involved only one had an appreciable effect on the vhf

permeability. Those cores which were prefired had lower

20
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permeability, lower losses, but higher Q. These prefired cores are
quantitatively and qualitatively in agreement with Fig. 5 of

QPR No. 3. Those cores which were not prefired showed higher per-
meability and losses, but lower Q. Fig. 6 shows the range of puj
and po observed for eleven of our cores. These cores were sub-
jected to different manufacturing processes, but none were prefired;
all were 20-30 Ni-Zn cores, and all contained either zero or 0.75
mole per cent of VoOs. Also falling in this range were two types
of General Ceramic G-body cores obtained from Mr. G. Dewitz of

the C.G.S. Laboratories. One of the two was deemed satisfactory;
the other was considered by Mr. Dewitz to have too low a Q at

1 me/s to be satisfactory. Fig. 6 indicates that the manufacturing
parameters other than prefiring have little effect on the vhf
permeability. All these data were obtained with the coaxial induc-
tor described in QPR No. 3.

3.7.2 The Coaxial Line. A coaxial line for measuring

permeability, magnetic losses, dielectric constant, and conductiv-
ity of toroidal specimens has been constructed. Fig. 7 is an
assembly drawing of the coaxial line. Flexible inner and outer
conductors will allow a small range of toroidal core sizes to be
measured. The inner conductor is compressed by the core. The
outer conductor is compressed by a hose clamp. Thereby a given
core is mounted with the inner and outer conductors fitting
tightly on the inner and outer radii of the core. The character-

istic impedance of the line is not altered if the ratio of the

21
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fnner and outer radii is maintained. This ratio is essentially
constant for our cores, and the line was designed with the same
ratio for the inner and outer conductor radii.

.992"

ZO 60 1ln 1 60 1n “Ega 32 ohms

For an ideal coaxlal line the procedure of measurement would be as
follows:

(1) Position the shorting plunger adjacent to the ferrite ring and
measure the impedance and phase angle by means of the Hewlett-
Packard vhf bridge.

(2) Correct the observed reading by means of the Z-# chart because
of a short length (about 8 cm) of 50 ohm coax joining the coaxial
line to the bridge. This gives the impedance at the input end of
the coaxial line.

(3) Use the Z-f chart to transfer the latter impedance into the
impedance in the coaxial line at the bridge face of the ferrite
toroid. This impedance? Z,eJBfl = Z,p tanh Yty where Zof (1)
is the characteristic impedance of a coaxial line with a ferrite
dielectric and ¥y 1s the propagation constant in the ferrite. tr
is the thickness of the ferrite sample.

(4) Reposition the shorting plunger 1/4 wavelength from the ferrite
sample. Measure the impedance and repeat steps 2 and 3, thereby2
determining ngeJ¢f2

Zroedf2 = Zop coth Yrte (2)
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(5) From equatiohs (1) and (2), Zof and 7Yp can be determined:

Zot = (Zf, Zfz)'; ‘er(¢f| + ¢f2)/2 (3)

s Go(ZeNg L de
Y% = — ¢t l fi\2 (Ps,- ¢
> anh (Tf:) e z'Pfi~ Pr2) (@)

(5)
Zop = ~ /Bt ,0nox L /lT r
of = o € An ?: % o Z;t an r—T (6)

Here pp and egp are the complex permeability and dielectric constant

(6) For a coaxial 1in35: ); : jw ~/_,U»f &

in mks units. w 1s the frequency in radians/sec.

(7) Finally pf and ef are determined from equations (5) and (6):

2R ,
MK = — 1 "ot Mo (fi-]fte)

jw .Qn-;i (7)
:
% dnp o |
€, = - :
t° wlazer - (@ -ie) (8)
_ ar _ |
AT T AT

H1s K2 €3, and €, are the constants relative to free
space.

The coaxial line we have is unfortunately not an idesal
line. It suffers in the following respects:
(1) The shorting plunger cannot be positioned adjacent to the ferritq

sample because the grounding fingers protrude beyond the leading

\x"4
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face of the plunger. It is hoped this can be corrected without
resorting to the necessary corrections in the formulas above.

(2) There is a 1/2 inch taper in the inner and outer conductors
that may introduce error. However; since 1/2 inch is so short com-
pared to a wave length, the effect of the taper should be negligi-
ble.

(3) The axial slots necessary to make the walls of the line flex-
ible have a small but negligible effect on the characteristic im-
pedance ofrthe line.,

To date the line has not been placed in service. Some
difficulties have been encountered and are in the process of
solution. It should be pointed out that this method is long and
involved. However, it is justified for the reasons enumerated in
QPR No. 3.

3.7.3 Coaxial Inductor No. 2. A second coaxial inductor

similar to that described in QPR No. 3 has bsen designed. The
length of 50 ohm line jolining the bridge's impedance-measuring
elements and the inductor No. 1 cavity had necessitated a trans-
mission line correction by means of the Z-@ chart. Since this

is a time consuming operation, the length of line was reduced in
the new design from 8 to 3.5 cm. One can correct for such a
short line without resort to the Z-@ chart except at the high end
of the frequency band. Unfortunately this inductor is not satis-
factory. It behaves as if it were approaching a resonance. The

apparent inductance of the empty inductor increased with frequency.
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This behavior is similar to that of a tank circuit at frequencies
below resonance. Fig. 8 is a drawing of the second coaxial induc-
tor. The capacitances which may be responsible for the increase in
apparent inductance are shown. Coaxial Inductor No. 1 showed no
such effect, since a taper section was used, minimizing the effect
of shunting capacitances.

3.7.4 The Z-@ Chart. The Z-@ chart, 24 inches in diameter,

has been in use throughout the quarter. The formula used in cal-

culating the chart was 34

Zejﬁ
Zo

1l +x + -
I %g (9)

where y and x are the ordinate and absclssa measured from the center
of the chart. Zo is the characteristic impedance (50 ohms). Con-
tours of constant Z and of constant @ were plotted.

3.8 Hall Effect (B. Hershenov)

A specimen has been placed in the magnet for measurement
of the Hall emf. A determination has not been made as there were
a few troubles located in the equipment. The majority of these
failures have been located and remedied. One major difficulty
remains and is located in the bucking section of QPR No. 1,
P 36-37. The 60 cps pickup in the Hall circuit is balanced out
without any difficulty. The 60 cps. pickup in the driver output is
negligible so that the pickup loop made from one of the leads
connecting the power amplifier to the primary electrodes is not
necessary. This was not true for an n-type germanium specimen

which was first inserted for a test run. However, the leads from
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the primary electrodes on the ferrite specimen are fixed to form a
figure eight with the specimen body and this has eliminated any de-
tsctable 60 cps in the driver output. It has not been possible to
balance out the 85 cps signal in the Hall circuit with the bucking
section. The 85 cps signal of the bucking section is provided by
a trdnsformer in parallel with the output transformer. A measure-
ment of this input indicates that it is about 10% of the primary
voltage, as it should be. The amplifier adjustment is made with a
50n precision potentiometer with a minimum resistance increment

of 5 x 1072 times its total resistance. This resistor is reading
properly. It will be necessary to check the sine-cosine resolver
unit for the apparent leck of 85 cps for bucking. Once this has
been remedied readings can be taken.

3.9 Magnetostriction (D. W. Martin)

No work was done on magnetostriction during the quarter.
Work was concentrated on Sec. 3.3. This program will be resumed
when that of Sec. 3.3 is completed.

3.10 Specific Heat of the Ferrite Materials (D. M. Grimes)

Since the measurement of the specific heat involves
considerable effort, the measurement on one of our own samples has
been suspended until the results of the analysis of Sec. 3.5 are
known.

Work is continuing on the manufacture of very pure Feo0z.

No further work on the specific heat in the region of

sublattice alterations has been done.
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4. CONCLUSIONS

The discrepancy between Jg as measured around the toroid
and across it has been partiaslly accounted for. With the new
magnet we are able to obtain quite accurate readings around the
loop.

From the differential equations of Sec. 3.2 we expect
additional tuning range, which is intuitively obvlous, and also a
"tuning catastrophe'.

We have found that the closer temperature control afford-
ed by our new oven, and a slow rate of heating throughﬁ

(a) 100° C (voltalize water)

(b) 270° C (voltalize binder)

(¢) 9509 C - 1200° ¢ (core shrinkage)

has allowed us to produce uniformally good physical properties.

5. PROGRAM FOR THE NEXT INTZRNAL

All work reported‘on is to be continued. More time is to
be devoted to the Hall Effect by Mr. Hershenov. Mr. Nace in addl-
tion to his high frequency measurements will test the equations of
Section 3.2. Mr. Martin, now that the Jg discrepancy is nearly
understood, will turn over routine measurements to a technician and
set up the magnetostriction measuring strain gauges. Mr. Jefferson
will embark on a program of internal stress analysis. Low fre-
quency dielectric constant measurement is being by passed temporari-
ly.

It is expected that the new specific heat measurement

will be made shortly by Dr. Westrum.
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