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/ SUMMARY

SHIP AND RELATED TARGETS
JAPANESE DEGAUSSING

The following are the principal policies which governed Japanese
degaussing: .

1. Only naval vessels were degaussed. ;
2. Ships were fltted with single-loop M-coils only, using submarine
‘ type cable on the outside of the hull.

3. Degaussing facilities existed oaly at the four principal naval bases
of YOKOSUKA, KURE, SASEBO, and MAIZURS. There wers no facili-
ties at advanced bases.

e After installation at cne of the above bases, the M-coil was cali-

- brated by means of magnetometers swung under the ship. Follow-
ing this calibration, the magnetic condition of the ship was
not checked again. The Japanese had no magnetic ranges,

5. Magnetio treatment was limited tn submarines and a few destroyers
and was done only at the Kurp ATrsenal.

6. Installation of coils was abandonad in favor of minesweeping in the
early part of 1944.

~ Had the Jepanese used multiple loop coils, deperming would have been

nesessary for comsistency, and the converse ies also true to a lesser extent.

Either or both would have reguired an extensive program of checking. Any con-

sistent policy of improvement would have resulted in a very great expansion of

their program which they were not prepared to undertakae. B

The number of engineers and officers engaged in degaussing, exclud-
ing men engaged in instrument research and degaussing coil installation, but
including those engaged in primary research, administration, and all other
phases of degaussing, was about eight. In addition, about twenty engineering
assistants were engaged in deganssing.”While Japanese degaussing was poor
according to American standards, a great deal vas accomplished in terms of the
affort expended, ‘

The deeision in 1944, to abandon coil installation and concentrate
on minesweeping, which had a greater potentiality of effectiveness, appears to
have besn based on gnod Judgement.

, No outstanding developments were noted in Japanese degaussing.
Certain recommendations for further study are made in the report.

NTJT+LeS-37
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Targets ﬁisited:

Ships in Yokohama and Kure harbors

Magnetic Treatment and Measuring Station at Kure Arsenal

Degaussing Laboratory at HIROSHIMA .

Factories Supplying Degaussing Instruments and Equipment:
Yokogawa Denki (Yokogawa Electric Works), KICHIJOJI, TOKYO
Mitsubishi Electrical Manufacturing Company, TOKYO
Nippon Musen (Japan Radio Company), TOKYO
Nippon Denchi (Japan Battery .Company), KYOTO

Jabaneéé“?ersonnel Who Assisted in Gathering or Locating Instruments and
Dooumequ;{’ -

Mr, Keizo SHIBATA
Mr. Tsuglo KAWAT .
Lt. Comdr, Giichi YOKOYAMA

1

Japanese Personnel Interrogated:

- Mr. Tsugio KAWAI - Graduated from Kyoto University with a degree in
electrical engineering in 1930 and entered the Electrical
Experiment Department at the Kure Arsenal where he worited on
materials and small current measurements until research on
degaussing was be . Under the supervision of Captain
Junichiro OSHIMA (Ph. D. in E, E., Tokyo University, 1922), he
was in charge of research on degaussing, which, until the mid-
dle of 1942, involved only coiling. At that time research on
magnetic treatment was begun, and until this was terminated in
the middle of 1943, ,Mr. KAWAI and Lt. Comdr. YOKOYAMA shared
this responsibility. Mr. KAWAI was very well qualified to

) discuss essentially all phases of degaussing.
Lt. Comdr. Giichi YOKOYAMA - Graduated from Kyoto University with &
: degree in electrical engineering in 1934 and workad at the
Yokosuka Arsenal until 1942 when he was put in charge or naval
construction. Lt. Comdr. YOKOYAMA shared with Mr., KAWALI the
responcibility of research on magnetic treatment and, under the
supervision of Captain OSHIMA, was responsible for the instali

: - lation and operation of the magnetic treatment station.

Mr. Keizo SHIBATA - Graduated with .a degree in physics from Kyoto
University 1930 and did research work there on thecretical
electricity from 1930 to 1937. Worked at Yokosuka Mine Experi-
ment Department, 1937-1943.and Naval Technical Research Lab-
oratory 1943-1945. Mr, SHIBATA developed the YZ magnetometer

. and experimental model recording magnetometer.

Lt. Comdr. Saburo ABE - Graduated from Tokyo Imperial University
with a degree in electrical engineering about 1933 after whioh
he was.commiss$éned a Lt. (Jg) Engineering Officer. Was with
Kure Electrical Dspartment from 1933 to 1943 working on sub-
marine propulsion motors except for three years when he studied
in Germany., Was with the Navy Technical Department (Kansei-
honbu) of the Navy Ministry since the beginning of 19%%.
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The information for this report was obtained by interrogation of

Japanese personnel, by examination of measuring instruments in the Tokyo area,
by examination of degaussing installatiovns, by examination of the magnetic

" treatment station and experimental laboratories of the Electrical Experiment
Department at KURE, and from papers submitted by Japanese perscnnel. Most
documents relating to degaussing were Treported destroyed and it was necessary
in some cases to have the pertinent points of the reports reproduced from
memory. It is believed that the information in this report is accurate and
compreheansive. '




THE REPORT

Part I
- HISTORY OF JAPANESE DEGAUSSING

A, The history of Japanese degaussing is illustrated in the following dia-
gram. It is interesting to note that research and experimentation on colling
was terminated before the war began. Installation of coils was abandoned for
minesweeping in the early part of 1944. The Japanese were not certain that
we were using magnetic mines until 1943,
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B, In the development ofidegaussing, the Japanese received considerable
information on coiling from the British prior to 1941 through the Japanese
Naval Attache in London. This information included the formula used by the

British to calculate the ampere-turn capacities of degaussing coils in temms
of the mean height of the ship (AT = 28 x height in feet).

c. In 1942 the Japanese captured a British 5000-ton cargo ship (probably
VENNEBIS, re~mamed SHONAN MARU) which was equipped with M, ¥, and Q coils,
They also captured an abandoned American submarine equipped with M, F, and Q
coils. ZExcept for information obtained from examination of this submarine,
the men interrogated stated that they had no information on American degauss-
ing., They were not aware of the U.S. range at Cavite at the time the Japanese
invaded the Philippine Islands. The men interrogated stated that they had no
information on Russian degaussing. -

D, According to the Japanese, they knew that the Germans were using some
form of magnetic treatment. The Japanese developed their method of treatment

independently, though later in the war they received more detailed information
on German methods. '

E. The total cost of degaussing (not.including loss of ships' time) was as
follows: ' !

Installation of degaussing coils - ¥10,000,000
Magnetic treatment 1,500,000

Research " 1,000,000
Testing, repair, etec. 1,000,000

(The pre-war (1941) value of the yen was about 15 cents,)

Part II
ORGANIZATION OF DEGAUSSING
A. Degaussing activities in Japan were limited to navasl.vessels. The

orgag;zations responsible for the various primary phases of degaussing are
listed below:
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de laxfg?:& Section of tha Navy Ministry ) - primarily re-
:pon: : e for policy rega ng types of ships which wers to be coiled and
treated, .

2, Navy Technical Department of the Navy Ministry (Kanseihonbu) -
shared %%e above responsIEIIIEy and was, *n aﬂaItIon, reSponsIbIe for
sngineering specificationas of magnetic treatment apparatus, L. Comdr,

ABE, who was interrogated, had been in charge of degaussing in the Navy
Technical Department since the latter part of 1943.

3. _Argen 2 UKA KKVIRE, SASEBO. and MA RO « respoansible,.
vy Taq - Dspartment of the Navy Miaistry, for the
installation of' degaussing coils (including calibration with magneto- f

meters swung under the ship after installation) and for the installation
of compass compensating coils. ‘ )

bo Elecgrical Experiment Department at the Kure Arsenal - responsible
for a ‘Tésedrch work on degaussing. r. and Lt. Comdr. YOROYAMA
were in charge of the research under the very gesneral direction of Cap-
tain OSHIMA (Ph. D., Electrical Engineering) who was also charged with

responsibilities other than degaussing. Magnetic treatment was limited

to submarines and a few destroyers and was carried out only at the Elec-
trical Experiment Department at KURE,

B, Measuring instruments were developed at the Experiment Department for
Mined and the Experiment Department for Navigation, both located at YOKOSUKA.
Research gn compass compensation was done at the latter place.

C. General specifications to fit standardized cables and controls were
furnished by the Navy Technical Department of the Navy Ministry and funda-
mental policles of degaussing were ocentrally established. Arsenals were

allowed complete freedom of action in coil installation within the bounds of
these limitations.

7D.~;'The numbe» of men engaged in various degaussing activities was as follows:

Officer or Assistant Assistant
Chief Engineer Engineer

Administration 2

‘|Research 3 a 1

Installation 1 No special personnel

Measuring 4 2 or 3
-1 A at each arsenal

Maintenance BN (R No special personnel

Treatment o ‘{ ] 5

These numbers include only those men whose sole function was degaussing.
There was no special degaussing officer at each arsenal; the engineering offi-
cer was charged with the responsibility of degaussing installations and
measurements together with his other duties. )
E. Minesweeping policy and degaussing policy were not correlated particular-
ly, though a number of men at different times worked in both fields, and there




RESTRICTED | 5.37

was sald to be a high degree of coopsration. Logical pollicy wes difficult to
formulate because of lnadequate knowledge of Americen mines and because of
changes in these mineg with the progress nf the war,

Part III
RESEARCH AND DEVELOPMENT

A, Japanese research on degaussing was very limited according to American
standards, All the research was done under the supervision of the Electrical
Experiment Department, which, until December 1944, was located at the EKure
Arsenal. At that time the Blectrical Experiment Department was moved to
HIROSHIMA to avoid bombing. The laboratory at HIROSHIMA, which consisted of
four or five rooms in an engineering school, was badly damaged by the atomic
bomb. )

B. Research on_models and coiling - Three or four models were constructed.
One of these was a rairly accurate model of DD WAKATAKE with some superstruc-
ture but no compartmentation. This model was about four meters leng, the
scale being 1/20. The other models were only crude shells, having various
values of beam, height, and length. The models were made of O.5mm tin-plated
steel (used because it was available, with little consideration to its per-
meability or thickness). x o ’

C. Experiments on models were conducted out-of-doors. The models were
mounted on wooden tracks which could be oriented with respesct to megnetic
north, Magnetic shaking was accomplished by moving the model through a coil
(60 cycle) fixed with respect to the track, A Z-loop was used, but there was
- no other provision for compensating the earth's field. ,

D.. The measuring instruments were fixed with respect to the wooden tracks
and measurements at different points were taken by moving the model over the
tracks, IXIn the beginning, two types of magnetometers were used. The rirst
was a magnetic needle type. The second was an earth inductor type, the coil
of which was rotated by means of an air turbine, In this latter type the

coil rotated between two permslloy poles which were not magnetically connected,
The poles were so constructed that the fleld between them was proportional te
the component of the field in the direction of the common axis of these poles.

E. Later only the Mitsubishi magnetometer, whioh was much more satisfactory,
was used. - The same type magnetometer was used on full scale ships. (See
paragraph 8, Part V, and Enclosure (H).)

. 4
F, The models were fitted with simple M-colls, multiple loop M=-ooils,
1-0c0ils, snd A-coils, All these colls, except for one case wherse the effect
of placl & simple M-00il inside the hull was being sfudied, were on the
outside of the hull, Satisfaotpry results were not obtained for the L-ocoils
or A-coiis, The models were used to study coil arrangements, and the magne-
tic sffects of changing ourrenta and head 8, They were also used in connec-
tion with research on magnetiec treatment. See paragraphs M to 0, inol., be-

low.) "

G, Model expeariments indiocated that inside colls required 50 percent more
copper than outside oolls, An attempt was made to verify this result on the
captured British vessel, but the experiment was never completed. Based on this
figure, & deciaion was made to use outside colls in order to oconserve copper,

. He The full scale DD WAKATAKE (beam 8 meters, length 80 meters) was alse
fitted with simple end multiple loop M=0o0ils, an LPOOili and an A-o00ll, all
%

of whioh were installed on the outside of the vessel, wtis stated that the
experimental data on the WAKATAKE model were in fair agreement witk full scale
data on the same ship, but these data were not available for examination. or
the full scale ship, as on the model, the lL-coll and A~00il were not sucocegs-

e "
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I. Experimental single loop M-coils were installed on the following ships:

BB YAMASHIRO DD USUGUMO
CA AOBA . SS I-52
CL (none) AM No, 13

.

From this a design formula was developed:
AT = 100 H
where H ig the mean height in meters.

This formula assumes compensation at Z = 500 milligauss., This formula is
nearly identical-with the British formula:

AT = 28 H'
where H' is in feet.

Je No experiments were done by the Japanese on F and Q coils.

K. Latitude Cruise Experiments - DD WAKATAKE was availabls to the Electrical
"Experiment Department at KURE exclusively for degaussing research from Decem-
“‘ber, 1940 to May, 1941. During two months of this time, a latitude cruise was

conducted going from KURE to PALAU in southern magnetic latitude and to BAKO
(in PESCADORES), KURE, OMINATO, MAOKA (in SAKHALIN), and WAKKANAI, Measure-
ments were made below the ship and at points 3H and H above the upper deck. A
general formula was developed for the ampere-turns required in the M-coil:

AT = A + K HZ
500

where A 18 constant corresponding to permanent magnetization
K is constant to account for change in magnetic latitude
H is ship's height in meters
Z i3 earth's vertical field in miiligauss.

The c¢onstant, K, was found to be 70 for WAKATAKE, and this was used at first
for all ships. Later experience indicated that this figure was too leow Ibdr
subnarines, and a value of 100 was adopted for underwater craft.

L. Variations of Permanent Longitudinal Magnetization with Building Yard -
By field measurements of different ships of the same class, the permanent
lcngitudinal magnetization was found to be correlated with the heading of con-
struction at the following building yards:

mm a4 8666008060000 Bouth pole in bo‘ ® & O QOO0 00 & SO P00 N B e Se e Btmns
SASEBO svcsececese. DOTLH POle 1D DOW cecvcesceoscessses.VOTY B8tTONE
NAGASAKT ..e000000o NOrth pole 1N DOV .eevcscecoscscesss VOTy Strong
YOKOSUKA ..........South pole in bOW 0000 0GOOISIOORIESIOIORBRAISEORERAEEOTTSDS ‘eak
KOBE .ecscesssseee SOUth pole In DOW .cvccerccnrcssccncncasee Weak
MITSUBISHI sceeeee 80Uth POlO iR DOW .cevesecescseassss Tathar weak
KAWASAKT (s0ceeees B0Uuth p0ole in DOW cvcevecscssscesess rather weak

It was concluded from these and other data that the permanent magnetization
{voth vertiecal and horizontal) originated from mechanical shock such as rivet
ing, bomb shock, or shock due to depth charges. _
M. Theoretical Studies of Ship's Fields -~ Theoretical calculation of ship's
fields were made assuming the ship's hull to have the shape of an eliipsoid.
Similar calaulations were made assuming the ship to approximate a finite oir-
ocular cylinder. These latter calculations, in comparisons with full soale

10
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ship measurements, are given in Enclosure (I).

N. Research on Magnetic Treatment - The first experiments on magnetic treat-
ment were done wlith models. The ship model was passed through a circular loop
carrying alternating current using frequencies from 20 cycles per second to 60
cycles per second. A Z-loop was used to compensate the vertical component of
the earth's field., From these experiments, quantitative information was ob-
tained on the magnitude of field strengths required. Using this information,
a full scale installation for submarines was designed and installed at KURE,

. The frequency used was 0.3 to 0.5 cycles per second (i.e., T= 2 to 3 seconds).
The current was supplied by means of mercury vapor rectifiers whose grids were
controlled by low frequency relaxation oscillators. It was recognized that
lower frequencies would be more effective from the point of view of obtaining -
magnetic penetration but, if the frequency was too low, the number of effec-

. tive cycles during the passage of the ship through the loop would be too small

0. Difficulty was experienced in making the current from the power source
the same magnitude on both halves of the cycle., As a result, large permanent
longitudinal magnetization ococurred, the use of alternating current in the
loop was abandcned, and intermittent direct current was used in its place.
The ship was passed through the loop a number ot times. The magnetic field
through the ship was decreased on successive passages, and each time the
direction was changed.

p, The coil through which the ship passed had a diameter of about 10 meters.
Only one submarine was treated with the circular loop. To allow larger ships
%0 be treated, the loop was replaced by a saddle-shapsd coil whose dimensions
and capacity were based on model experiments. The installation, as it was
used in practice, together with the procedure and method of measuring the
ships' fields, are discussed in more detail in Part VI.

Part iv
COILING OF SHIPS

A, Almost all naval ships except coast defense ships were equipped with de-

gaussing coils. Approximately 500 ships were so equipped. No merchant ships

were degaussed in any manner. Coil design was based on the results of experi-
ments on models and on actual ships of various classes. A formula for ampere-
turn capacities in terms of the mean height was then developed and used. (Ses
Paragraph K, Part III,)

B. The only type of coils which were used, except for a few experimental in-
stallations, were single loop M-colls mounted on the outside of the vessel at
the level of the main deck., Inside coils were not used; horizontal magnetiza-
tion was not compensated; heading adjustment was not used. The coils were pro-
protected by steel plates at eritical points,

c. Six standard sizes of cable were used. These are shown in the accompany-
ing table. These cables, known as "Cabtyer" cables, were submarine type and

. were covered with a heavy thickness of rubber. Cable loading of about two

‘ amperes per square millimeter was used. Specifications are in the table on
the following page.

D, A wiring diagram for a representative degaussing installation is given in
Enclosure (A). In this installation, there are nine identical circuits which
car be switched on independently. A tenth circuit, which is used for fine
adjustment, has resistors which can be shorted out by means of switches. Only
one of the cables is shown in the diagram. All circuits are of the same number
of turns so that the ammeter reading is proportional to the number of ampere-
turns in the coil. The control is mounted in a box about 1 meter by 1,25
meters. The resistors are mounted in a separate box. The number of c¢ircuits
was not the same on all installations as shown here, nor were the number of
steps in the fine adjustment the same as shown, but the same principle of
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control was used on all installations. The electrical equipment was of high
- quality. s

. Number of Number of Diameter of
Cable Conductors Strands per Individual
» Conductor Strands (mm)

No. 7 7 _ 1.6
No. . 7 7 c.8
No. 12 1 1.2

No. 12 7 0.8

No. 5 12 30 - 0.8

No. 6 12 12 0.8

E. Encloéure (B) gives the voltvages, size of cables, and number of cables
used on typlical installations on various size vessels.

F. The insulation resistance of tHe cables to ground was measured each month
by the ship's crew, using a 500-volt megger. The circult was repaired when
the insulation resistance became less than 0,01 megohms. Ampere-turn meters
were not used to check for possible shorts between conductors.

G. - Submarines were coiled in the same way as surface craft. The cables ran
above the wing buoyancy tanks passing through the superdeck at the bow and
stern. The cables were protscted by iron plating at critical points. Current
control wasg by means of a rheostat of approximately 40 steps. The cables used
were of the same type as for surface craft. The cables were said to stand up
under use for about a year.

Part V
CALIBRATION OF DEGAUSSING INSTALLATIONS

A. Ships were calibrated only once., (An exception to this occurred in the
.case of ships re-treated at a magnetic station. See paragraphs J to L, incl.,
"Part VI.) The calibration was usually done at the arsenal where the installa-
tion was made. In the case of new-construction ships the calibration was not
done until after the shake-down cruilse. There were no channel ranges or other
type of checking. After the first calibration, there was no further check ocn
the settings used, It was recognized that there was some change in the perma-
nent vertical magnetlzation of ships but this was not considered important in
view of the over-all degaussing policy.

B, The calibration was done by swinging an instrument under the ship. The
instrument was hung from the center of a bamboo pole which was supported from
ropes passing over each side of the hull. Ten to twenty men were used to move
the magnetometer along under the ship. Usually two men were used for reading
and recording the fields.

C. Usually about ten measurements wers taken along the ship. The depth of
measurement below the keel was normally taken as %H, where H is the height of
the ship from the keel to the top deck. The current was adjusted toc make
positive.and negative peaks on sast-west heading equa* in magnitude., The Jap-
anese did not use fixed magnetometers.

D. Two types of magnetometers were used., Both utilized the reluctance
change of permalloy with change of field intensity. The first type was the YZ
instrument which was developed at the Experiment Department for Mines at
YOKOSUKA. The theory, construction, and operation of this instrument are
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discussed in Enclosure (G) and (J). The accuracy of this instrument was about
5 milligauss, About fifteen of these instruments were produced.

" B. The second type magnetometer was the Mitsubishi type. Details of this
instrument are contained in Enclosure (H). The accuracy of this instrument
was about 1 milligauss. -

F, The overall accuracy of the measurements was limited by the condition of
measurement rather than by the instruments. The accuracy of measurement was
considered to be about 20 milligauss under normal circumstances, Samples of
both instruments were sent to the United States for examination.

G. An instrument was developed by the Experimental Department for Mines at
YOKOSUXA for continuously recording the field under a ship. This instrument,
which works on the same general principle as the other two instruments, is
described in Enclosure (I). The instrument was designed for use on submarines
in detecting cther ships. It was considered for degaussing but was never de-
veloped to that point. A sample of this instrument was forwarded to the
United States for examination.

H. No instruments of the fluxmeter type were used by the Japanese.

I. After ecalibration the ship was given a chart on which were written the
various values of current to be used at various locations corresponding to
different values of the earth's vertical field. The variation of current with
ver?ical.rield was based on the following formula (See also Paragraph K, Part
III):

AT = A + kH Z
- 7500

where A 1s a constant determined from measurement of the field of the
individual ship at the time of calibration.
where k is a constant taken as 70 for surface ships and 100 for sub-
marines.
where H is the height of the ship from the keel to the upper deck, ex-
pressed 1in meters. : .
" where Z is the value of the earth's vertical field in milligauss.

The boundary values of Z-zones corresponding to convenlent values of current
(e.g., 5, 10, 15, 20, 25, etc,, amperes for destroyers) were determined from
this formula and these boundaries were marked on the chart for each ship and
the appropriate current values were entered on the chart. Enclosure (C) is a
-copy of such a chart drawn from memory by Mr. KAWAI. This chart is about one-
fourth the size of the original chart. A similar chart was issued for south-
ern latlitudes,

Part VI
MAGNETIC TREATMENT

A. Magnetic treatment was done only at the Kure Arsenal. The station was
originally designed for treatment of submarines but later was also used for
treating a few destroyers. The research leading up to the particular design
and procedure used is discusased in paragraphs N to P incl., Part III.

B. Enclosure (D) shows the gemeral layout of the station. The ship was
treated by passing it through a moored floating saddle coil and a measurement
of lts magnetic condition was taken after each run through the coil by means
of two loops, lying on the bottom, connected to a galvanometer. The station
was equipped with a Z-loop under the saddle coil, but this was never used be-
cause the power supply was never completed. The depth of water was 25 meters,
“and the tide was about 2.5 meters, The values of H and Z at KURE were 310 and
360 milligauss, respectively.

i3
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C. The leads from the two measuring loops and the saddle coll led into the
treatment station bullding which was located on an 1island. The houss was ap-
proximately 25 feet by 70 feet. Most of the bullding held the power supply
and control for the .saddle coil. The electrical equipment was of good quality.

D. The method of connecting the measuring loops is shown in Enclosure (E).
The two loops are sorconnected as to compensate for local fluctuations in the
earth's field. Measurement was done only at the outside ends of the loops
away from the saddle coil. Ignoring end effects and assuming constant veloci-
ty of the ship, the reading of the galvanometer, which measures the rate of
change of Flux within the loop, is proportional to the average value of B
taken along the end of the loop where the ship is passing. In the case of the
type of loop used in American degaussing, the fluxmeter responds to the dif-
ference, » B, between the average values of B along two parallel lines separa-
ted by the width of the loop., But since the fluxmeter integrates the quantity
to which it responds, it also measures B, since B is the integral of asB. Con-
sequently the interpretation of loop signatures from a Japanese type loop
using a galvanometer is identical with the interpretation of loop signatures
from an American loop in which the sides of the loop are very close together.
Bow or stern marks were not employed on the signatures.

E. The ship passed through the saddle coil at a speed of 6 to 8 knots in a
msgnetically east-west direction. The height of the saddls coll was 13 meters,
5 meters being above the water. Its length and breadth were 10 and 21 meters,
respectively. The M-coll was not turned on during runs through the coil. It
was not necessary to compensate For the athwartship field hecause of the small
athwartship dimension of the vessels being treated and because the direction
of the athwartship field with respect to the ship reversed on alternate ruas.

F, The saddle coll was made up of 15 turns and was excited with pulsating
direct current with a maximum value of 2000 amperes, resulting in 15,000
ampere-turns, This produced a horizontal field in air of approximately 15
gauss, the field being in opposite directions at each end of the coil. (See
Enclosure (¥).) The current built up exponentially and, upon being cut off,
dropped off exponentially. The time between cycles was from 2 to 3.5 seconds,
and the bulld-up period of the current occurred over a period of time some-
what less than one-fourth the period of ome cycle. Direct current would have
been used if the design of the equipment had not precluded its use. The man-
ner of scheduling the current on the various runs 1s described in the follow-
ing paragraphs, '

G. Before any treatment, the ship passed over the east end of the eastern
loop as shown in Enclosure (D), and its signature was teken. It was deter-
mined from the signature whether the ship had a north pole or a south pole in
the bow, and the current in the saddle coil was set at its maximum value in
such a direction that the ship's longitudinal magnetization would be reversed
in the firast complete passage through the coil., This is illustrated in En-
closure {F)} in which the ship is passing from east to west and is assumed to
have scuth pole in the bow before treatment. While the field at A tends to
accentuate the south pole in the bow, the field at B, which acts last, pro-
duges a north pole in the bow, as shown, after the ship has gone through the
* eoil, ' ’

H. On the next run, the current in the saddle coil is reverscd and reduced
in magnitude. The magnitude is based on experience and depends on the origi-
nal permenent longitudinal magnetization. The current is usually 60 to 70
percent of the maximum value of 2000 amperes and is chosen so that it will re-
verse the direction of the longitudinal magnetization and will reduce it same-
what in magnitude, s3ince it is desired to reduce the longitudinal fleld nni-
formly to zero in about six to eight rumns through the loop. If a mistake was
made early in the schedule, the entire schedule was repeated. If a mistake
~was made after a number of runs only a portion of the originally planned
schedule was repeated. Sometimes as many as twenty total runs were made.

4
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I. The permanent longitudinal magnetization was sald to be reduced to 0.1l of
the value of the induced longitudinal magnetization produced by a horizontal
field of H = 310 milligauss. The treatment and measurement process Tequired
about. one-half day of the ship's time.

J. An interesting consequence of this treatment wes that the permanent ver-
tical magnetization of = ips which originally had a south pole in the bow was.
‘decreased, whereas the .everse was true for ships having a north pole in the
bow. The reason for this can be sesn from Enclosure {F) where it can be noted
that on the first run through the coil, during which run the treatment rield
is the largest, the vessel is subjected to a 'strong vartical field (C) direct-
ed upward. Since the currents are biased in order to remove the permansnt
‘longitudinal magnetization, the treatment results in a decreass in permanent
vertical magnetization. :

K. The sehedule for ships with a north pole in the bow resuits in a downward
bias of the vertical field. The M-coil requirements for ships with a south
pole in the bow were said to be reduced as much as 50 percent of the value
before treatment in extreme cases. For ships with north pole in the bow the
M-coil requirements were on occasions increased by as much as 30 percent.

This wab not considered serious by the Japanese because most of the submarine
operations werein southern magnetic latitudes, In case of operation in the
Aleutians the submarines frequently were undercompensated.

L. Following the treatment a repocrt was made showing the field of the ship
(1) before treatment with M-coil off, (2) after treatment with M-coil off, and
(3) after treatment with the M-coil on at its proper value. Also included
were data such as the ship's speed and draft during the runs. The ship was
furnished a copy of such informe“ion together with a new M-coil chart.

M. All Japanese submarines (about 100) were treated except certaln ones used
for training (20 or 30). Of 100 to 120 destroyers only about 10 were treated.
One coast defense ship was treated experimentally. OFf the 80 or 90 ships
trested about 20 were re-measured. The time between treatment and re-measure-
ment ranged from 2 to 12 months. OFf these there were only two or three sub-
marines which showed appreciable decay of either longitudinal or vertical mag-
netization. These submarines had heen seversly depth-charged.

Part VII
DEGAUSSING OF MINESWEEPERS

Steel-hulled minesweepers were equipped with‘an ordinary single-loop M-coil,
and they were not- treated magnetically. Wooden-hulled mineswespers were not
degaussed. S

- Part VIII :
COMPENSATION OF MAGNETIC COMPASSES

A. Ships having gyro compasses (which included most naval ships) were not
fitted with compass compensation on the magnetic compass so that the problem
was not as important as in the case of American degaussing, which included
merchant ships. The compensation was accomplished by the use of three mutual-
1y perpendicular coils mounted on the binnacle, using current shunted from the
M-coil, as is done in American practice. Little hysteresis effect was
observed, and no attempt was made to eliminate the effect by special securing
of the colls. X

B. Magnetic tZeatment greatly changed the compass, bui the ship was thougit
to be magnetically more stable after the treatment thaan before. Thare was
1little evidence ©o support this, however,
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’ Part IX
EFFECTIVENESS OF JAPANESE DEGAUSSING

The following faétors contributed to poor quality in Japanese degaussing:

1. Merchant ships were not degaussed at all.

2. Permanent longitudinal magnetization was not removed except in the
casa of submarines and a few destroyers.

3. Induced longitudinal magnetization was not compensated in any ships.

4o M-coil misfit was prdbably very high considering the small amount

of research done on dsgaussing and the fact that only simple M-coils were
used.,

5. M-coil setting was undoubtedly extremely poor because:
a, Very rough setting formula was used.

b. There was no check on change in permanent vertical magnetiza-
tion after the first calibration,

c. There was no range check on proper usé of degaussing equipment.
(This was probably minimized by the simplicity of the installation
and the discipline of the Japanese,)

4. Shorts between colls changing the effective number of turns were
were not checked unless a short to the hull occurred at the same
time, .

Lack of Japanese range date prevents an estimate of the overall effectiveness
of Japanese degaussing. An upper limit of this effectiveness against specific
mines can be made by ignoring (5) (e¢) and (5) (d) above, since the other fac-
tors can be estimated fairly accurately from a study of American range records.
Target widiths and area obtained from such data may be of wvalue.

B. The Japanese recognized the inadequacy of their degaussingi- The follow-
ing are interpretations of comments made in this connection:

"We reeognized the use of degaussing to be effective against magnetic
mines responding to changes in vertical field, but it was believed to
be almost impossible to degauss ships effectively against mines re-
sponding to changes in horizontal fields or rate of field change."

"Partial coils were recognized to be necessary, but they were not

adopted due to difficulty in their design and use, and also beceusse

there was not time to design them. As a consequence, the effective-

ness of an M-coil was doubtful, particularly in the case of ships
with large permanent longitudinal magnetization,"
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ENCLOSURE’V(A)
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ENCLOSURE (B)

RESTRICTED

VOLTAGES, SIZES OF CABLES, AND NUMBER OF CABLES USED ON TYPICAL DEGAUSSING
INSTALLATIONS ON VARIOUS SIZED VESSELS

Battleship

Aircraft
Carrier

Crulser

Destroyer

YAMATO

NAGATO

CHIKUMA

KITAGAMI

KAGERO

HATSUHARU

Standard

Displacement

69,900

32,700

SHOKAKU

20,000

8,5

00 5,100

1,400

Source .
Voltage

220

220

220

220

100

Kind of Cable*

[

e _7

1.6

7chE

7CIZG

12¢_7
1.2

Number of
Cables

14

12

12

10

Destroyer

Mine-
Sweeper

Gun Boat

Submarine

HASU

No. 38

ATAKA |TO

BA

. Ro-104

I-364

Standard
Displacement

770

630

725

500

1470

Source
Voltage

100

100

100

Variable
(about 240-250)

Variable
(about 240-250)

ind of
Cable*

lZcIla

120112

12ci1§

120I12

12c%gg

12030

Number of
[cables

4

3

3

1

2

&

*In this designation the first number is the number of conductors in the
cable; the numerator is the number of strands in each conductor; and the
denominator is the diameter of each strand in millimeters.
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" ENCLOSURE (C)

M—=COIL CURRENT SETTING CHART
(FOR A DESTROYER)

130° 1a0°

pigure 1(C)
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ENCLOSURE (D)
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ENCLOSURE (E)

Wiring Diagram of Loop Measuring Equipment

Detecting Coil Detecting Coil

)—‘O/
:-:‘—-o’o—u]ll

\ 1 — Regulator for Sensitlvity

) Tester

—
/
NCOmpcnsotor for Eorth Magnet
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Figure 1 (&)
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ENCLOSURE (F)

EAST

DIRECTION OF MOTION
— 3

SIDE VIEW OF
SADDLE COfL

AFTER FIRST RUN THROUGH SADDLE COIL BEFORE PASSING THROUGH {301L

f

- DIAGRAM SHOWING EFFECT ON A SHIP OF PASSING
THROUGH SADDLE GOIL AT TREATMENT STATION.

Figure 1(F)
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ENCLOSURE (G)

QPERATINGFINSTRUCTIONS FOR THE iZ TYPE MAGNETOMETER
(Translation)

Abstract

1. This is an instrument for measuring the intensity of magnetic fields
weaker than about 0.75 gauss. (See C below.) The sensitivity ic 5 milli-
gauss.

2. The instrument consists of a detecting coil placed in a water-tight
brass case, a cable of six conductors covered by thick rubber, a measur=-
ing set, and its electric source (i.se., one 200-volt battery and two 6~
volt batteries).

3. The measuring set must be placed horizontal during the measuring.
Normally a magnetometer is adjusted for one cable. If the cable is
changed, certain ad justments must be made (see C below).

Method of Measuring

1. Locate the detecting coil at the point and in the direction to be
measured, and connsct the end of the cable to the plug on the measuring
set, (All the dials of the adjustors and relators except the sensitivity
ad justor must be adjusted previously to zero.)

2, Connect the electric source, and after about oné minute, turn the
dial of the output regulator to the right. This will cause the indicator
of ?he micro-ammeter to move to the right (it should read between 50 and
100).

3. After closing the switch of the tertiary coil (determining its polar-
ity by suppesition), turn the dial of the rough adjustor to the right,
then the deflection of the needle of the micro-smmeter will at first in-
crease (or decrease) and afterward decrease (or increase) pointing out an
extreme value, Regulate by the output regulator so that the maximum (or
minimum) deflection of the micro-ammeter will be 120 to 150 {20 to 50).

= NOTE

a. Whether the expre 'sions are used inside or outside the pa-
rentheses depends on t..e internal resistors of the apparatus
with respect to the cable and detector resistances.

b. If the micro-ammeter does not point out the extreme, re-
verse the polarity of the tertiary coil current; if it still

does not point out the extreme, then the field intensity will
be over 0.75 gauss or the instrument will be wrong somewhere,

b By the fine adjustor make 'the extreme indication of the micro-amme-—
ter as exact as possible, Let the value of the tertlary coil current be
I milliamperss at that time; then the field intensity is kI milligauss,
where k is the constant of the detecting coil. .

5 If the polarity of the tertiary coil current is positive, the mag-
negic field is in the direction toward the cable from the end of the
coll.
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ENCLOSURE (G}, contlnued

Supplements

1. Magnetic fields stronger than 0.75 gauss can be measured by changing
the ammeter of the tertiary coil current to one of larger capacity.
Under ‘such conditions the sensitiyity will be diminished.

2. If it is desired to use another cable, after working (2) in (B), let
the indication of the micro-ammeter be minimum by turning the dial of the
sensitivity adjustor and continue working (3) mentioned in (B) ete. If
this camnot be done with the sensitivity adjustor, some of the fixed re-
sistanoces in the measuring set must be changed.

Coil Converter

i
‘ Pilot Lamp

Oscillator
Source

Sensitivity Tertiary . )
Adjuster Pglarithy Fine Adjuster Rough Adjuster
witc —

Tertiary Coil
Carrent Switch

T

Panel of YZ Magnetometer

Figure 1(G)
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ENCLOSURE (H)

DESCRIPTION, WIRING DIAGRAM, AND OPERATING INSTRUCTIONS
FOR THE MITSUBISHI TYPE MAGNETOMETER
{Translation)

A, General Description

. This instrument is designed to measurs electro-magnetically the strength
of the outside magnetic field by the balance of the outside magnetic field &nd
the standard calibrated magnetic field applied in opposite directions through
a magnetic path made of special high permesbility steel. The balance between
the above magnetic fields is detected by the current through a set of coils
wound around the above mentioned magnetic path making use of the sensitive
magnetic saturation caused by a weak magnetic field.

B. Principle of the Measurement

The magnetic detector (C), the main part of this instrument, is consti-
tuted of a flux collecting plate A, core B, and three sets of windings (pri-
mary, secondary and terfiary) wound around the core B as shown in Figure 1.
Core B has two legs, Bi & B2, to make a closed magnetic path with respect to
the primary coil which excites this path nearly to the saturation point by the
alternating current. The secondary coil detects the resultant change of mag-
netic flux in Bl & B2. The tertiary coil, excited by direct current, supplies
the necessary magneto-motive force to cancel the outside megnetic field,

If“there exists no outside field, that is, there is no continuous mag-
netic flux through the magnetic path A-B-A, the change of resultant magnetic
flux in Bl and B2, which induced an alternating voltage in the secondary ceoil,
is shown by curve 2 - 1 in Figure 2 (H). The secondary voltages induced in Bl
:?d B2 cancel sach other, resulting in no sesondary output in the ideal condi-

on.

If there exists an outside continuous field, magnetic saturation is
caused in each half cycle in the paths Bl & B2 alternstively as shown in curve
.2 = 2 in Figure 2 (H). The resultant induced voltags C2 in the secondary
winding takes the form of curve 2 - 3 in Figure 2 (E) which is extremely un-
symmetrical with respect to zero line.

Voltage C2 is amplified by the amplifier (shown in Figure 1 (H)) and rec-
tified, positive and negative components separately, by the detector-rectifier,
and theén the difference of these wo—rectirged components is indicated by a
galvancmeter which has its zero point at the center of its scala. The indica-
tion of this meter thus clearly shows the magnetic unbalance of the core as
well as the direction of the outside continuous magnetic field.

P As can be seen from the above explanation, if the magnetic path A-B-A is
‘placed in an unknown outside field to be measured and the field in this path
is cancelled by the continuous standard e.m.f. caused by the direct current
flowing through the tertiary coil, and the balance of these two opposing
s.m.f. 18 checked by means of the current induced in the secondary windirng,
the strength of the unknown outside field can be measured by the tertiary coil
ourrent which 18 calibrated to the standard magnstioc field beforehapd.

g. go?stitution of the Apparatus, (Refer to the circuit diagram and the
ayout.) ~

1. Magnetic_detector (C): Flux collector plates, magnetic core, prima-
Py, secondary, and tertiary coils and connecting cables.

2, Amplifier: Made up of oscillator, amplifier, detector-rectifier and

25
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ENCLOSURE (), continued

balancing meter (galvanometer) with four vacuum tubes, (Ut-6¥7x2, UZ-
6D6x2) one receiver and one sSupply source cable, three change-over
switches for electric source, polarity selection and selective sensitivi-
ty. Three sets of resistance regulators for compensating magnetic field,
fine control, and correction, are provided.

3 Magnetic field strength meter: As the tertiary coll current is de-
signed to be about 0.05 gauss/mA, three ammeters of 20 mA, 10 mA,and 1 mA
scale, each calibrated to the corresponding standard magnetic field, are
recommended.

4. Electric supply source: D.C, 6 V, 1.3 A and D.C. 200 V, 30 mA.

instructions for Using

1. Plug in connecting pluge and connect the supply géurce leads to
electric sources (6V and 200 V), .

2, Connect the magnetic field strength meter (D.C. ammeter) bo its
rlace. (A meter having suitable scale according to the strength of field
should be selected.) Connect the ear-phones and turn on the sensitivity
change-over switch to the coarse position. The current value for the
field strength meter is as follows: .

Up tolgauss P O 00 O PG 009V O 00O OO OO E 09O QOO NRUOSOONN OSSO s 2°m

Up to 0.5 gauss ® 0 Q@6 6000 008 06O PO LSOO 08 GBS0 OE SO OO0 ENDIEL lom

Up to 0.05 ga“ss ,.Q.............'Il.‘..'.l"..o.'..l.".l lm

k3 Correction: This correction is necessary to let the zerc point of
the induced e.m.f. of the secondary coil in the magnetic detector coin-
cide with the zero point of the output voltage, which is obtained by amp-
lification and rectification of the above secondary induced voltage by
correcting the umbalance and error of the c¢ircuit by means of correcting
potentiomster. B

‘When correction for zero point is made, 1t 1s best to keep the compensat-
ing field current through the tertiary coil at zero and adjust the direc.
tion of the magnetic detsctor (C) relative to that of the terrestrial
magnetic fisld so as to obtain the balanced position. When the above
method is impractical, negative field exciting current can be applied to
- obtain the zero point. The correction is made as follows:

Bring the e.m.f, induced in the secondary coll to zero or to a
minimum by the rtethod described above, <This point is found by
the earphones connected to the terminal of the output trans-
former. When the above e.m.f. 1s a minimum or it is in the dal-
‘anced position, a weak, low frequency (about 100 ¢.p.s.) con-
tinuous sound can be heard., But if it is in the unbalanced
position, a stronger, higher pitched continuous sound rich in
higher harmonics is audible. (about 200 c.p.s.) The larger
the unbalsnoe, the stronger will be the sound. After the bal-
.anced position for the field is obtained, bring the balancing
meter indication to zero by means of the adjustment of the
sorrector potentiometer. Approaching to the balanced and cor-
. Trected position, the sensitivity switch is turned over to the
- 8sensitive poeition to mako the metor indication more accurate,

Measurement:

a, Turn on the coarse switoh and let the direction of the arrow
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marked on the magnetic detector (C) point to that of the outside
Tield to be measuxed. Connect electric source.

D Increase the compensating field current gradually by the con-
pensating field coarse control to let the balancing or meter indica-
tion approach the zero point. If the indication increases, the po-
larity switch should be changed over.

C. When the indicator approaches zZero, the sensitivity switch is
turned over to sensitive position, and repeat the compensation.

tde Read the magnetic field strength meter indication and obtain
the magnetic field strength by means of the calibration curve.

e. The direction of outside magnetic field is the same as that of
the arrow on the magnetic-detector (C) if the polarity switch posi-
tion is positive and opposite to the arrcw if the polarity is nega-
tive. i ‘

Cautlons

l. .As the cutside magnetic field path is somewhat changed by the mag-
netic detector core, it is recommended that this apparatus be used very
carefully if the magnetic field gradient is larase.

2, it sometimes happens that the unexpected leakage current, flowing
into the tertiary coil from other circuits, causes a large error. In
this case, reverse the direction of magnetic detector, changing over the
polarity switch at the same time, -and measure again. The mean value of
both readings.'gives the correct value. :

3. ~ The balance of the amplifier circuit is slightly changed due to the
fluctuation of the supply source voltage. But the error is not appracia-
ble unless the fluctuation is very large. It is important to allow more
:hin one minute after turning on the circuit before any measurements are
aken. i
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econdary coil

1

S
Osciliator

Flux i
collacting!
plate

| Amplifier

Detector
Q

rectifier

(C}

?
meter i

Bolancing mefer

Compensating magnetic field
fine control
Compensating magnetic field
ceptae control

Figure 1(4)

Battery

AVAYA

| <——>+

'V\[\

| &5—>+

\/\/\/*T

Outside magnetic field

AL AL
T i

(o]
| <—F—>+

(®-

(@

(@-®)

®)

®)

Figure 2(H)

RESTRICTED




RESTRICTED

ENCLOSURE (H), continued

Panel View of Mitsubishi Magnetometer
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ENCLOSURE (1)

DESCRIPTION, WIRING DIAGRAM, AND OPERATING INSTRUCTIONS
POR THE EXPERIMENTAL RECORDING MAGNETOMETER

Introduction

1. This instrument is designed to record automatically the variation of
intenaity of weak msgnetic fields, its basic principle being the same as
that of the YZ magnetometer. This instrument has, in addition, an ampli-
fier, rectifier, and recording current meter, which, besldes making re-
cording possible, also increases the sensitivity of the instrument. Tke
instrument is not linear with magnetic field intensity but must be cali-
brated by the use of the tertiary coil.

2. The measuring range can be readily changed from 20 milligauss to 200
miiligauss for full scale of the recording current meter,

3. As a rule, the detecting coil and 6-conductor cable which is attach-
ed are not interchangeable with other detecting coils and cables. 1In
order to interchange them, it may be-necessary to change the values of
the fixed resistances, etc., in the measuring set.

be The construction of the instrument can be éeen from the simplified
diagram, the complete wiring diagram, and the specification.

Method of Measuring

- 1. Arrangement of Measuring

a, Set up the detecting coll in its proper position and orienta-
tion and then connect the cable to the measuring set.

b. Connect the power supply cord to the measuring set and then
connect the batteries, first making sure that the three electric
source switches are off.

c, Next, connect the recording current meter to the output termi-
nal.

2. Ad justing

a, First, make sure that the output regulator is turned to zero,

that the output switch is turned to the internal current meter side
Euppef), and that the sensitivity switch is turned to the low side

left . )

b. Turn on the filament source switch, and then turn on the plate
source switch.

C. Turn the output regulator to the right, and mske the deflection
of the output current meter about-9 milliampsres or its maximum
value,

d. Maks the indication of the output current meter minimum by
turning the amplitude balancing adjustor to right or left. Then
make the remaining deflection of the output current meter minimum
by turning the phase balancing adjustor (rough and fine adjustor) to
the right or left. ‘

Q. Increase and continue to increase the output by turning the
output regulator to the right, repeating the operation (which was
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explained in (d4)}) each time the output regulator is adjusted. Put

the sensitivity on "high", and repeat the above described operation

4aatil a minimum indication 1s obtained with the maximum output.

r. Confirm that the tertliary coil surrent adjustor is set at zero;
put the tertiary coil current switch on, and then put the tertiary
coil polarity switch to positive or negative.

& The current of the tertlary coll is 7.5 milliamperes for meas-
uring range of 200 milligauss, (0.75 milliamperes for 20 milligauss.)
Ad just the output regulator to keep the output current at 5 milli-
amperes for 7.5 milliamperes tertiary coil current.

Measuring : .
a. Switch the output switch to the recording current meter side.

b. Record calibration lines with several values of tertiary coil
current (for example, 1.5, 3.0, 4.5, 6.0, 7.5 milliamperes) which
correspond to the required magnetic field intemnsity (for example,
40, 80, 120, 160, 200 milligauss) by turning the tertiary coil
adjustor. The instrument is then ready for use.

Ce It is desirable to record the calibration lines again after the
measurements are finished. :

Simpiified Diagram of Experimental Recording Magnetometar

Measuring Set

Balancing Low Pass Selective : Recording
Detector Coil Circeit  Filter Amp. Pectifier ‘Current Meter

| |
__J‘

Oscillator

Pigure 1(1)
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Tertiary Coil Gurrent Meter, . Output Gurrent Meter

i~

Panel of Experimsntal Recording Magnetometer.

Phase Balancing Ad;usur

‘mug )

T.C.Polarity Switch ) Balancing

* Pos. E@ Neg. Resnsfer

SensmvnySvmc Recording

__T C.C.Adjuster
@ Pllof Lamp

§ / Amplitude Phase Balancing
BaloncnnLAd'u»for

(ForRecording
Gurrent)

Gurrent Meter

Current Meter

‘ Adjuster (fina)

Plate Source Switch
ilament Source Switch

[ [l'erhary Coil curreM S\mchL/
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~ Goil Converter

Qutput Regulator

@)

Fine Adjuster

Pilot Lamp

O

Oeciliator
Source
Switch

Sensitivity
Adjuster

Tertiary

Polarity
Switch

Rough Adjuster

Tertiary Coil
Current Switch

g

of YZ

Panel Magnetometer

Figure 4(I)
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ﬂmolrio;um

ENT To ITRES SEGG IN YXGER 3 (1)

Specification

0soillator Tuhe

‘k

Power Amplifier Tube

Grid Resistance

Yoltsge Amplifier Tube

Plate Load Resistenos

“Voltege Ampliffer Tube

Soreen Orid Voltage Divider Resistance

Power Amplifier Pube

=t

Soreen Grid Volt?g-e Divider Resistance

Dlode Reotifier Tube

Poier Supply Series Resistance

; Input Voltage Divider Resistance

Pllot Lamp

Input Voltage Divider Resistadce

T,0,C., Series Reslatance ;

Gs0illstor Trepefomsy

Jrp e300 w8 20007

iggoawomruuw

ml‘mnney‘“'““”

30] anA
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350w
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ENCELOSURE (J), continued

PRINCIPAL SYMEOLS USED

Half the length of the circular cylinder
Radius of the circular cylinder

Magnetic induction

Electro-motive force

Strength of magnetic field o
Strength of terrestrial magnetic field

Represents maximum value of oscillating ciirrent, but in paragraph 3 it -
represents an integral expression

Retresents amount of secondary current, but in paragraph 3 it rep-
resents an integral expression

. A constant
Magnetigation strength
Demagnetization factor
Distance betweenrtwo points
Surface area
Magnetic'potentiel
Dip of terrestrial magnetis:a

Angle between terrestrial nagnetic meridian and the axis (X} of the
circular oylindez ‘

Megnetis permeabllity
Magnetic susceptibility

Co-ordinates of ary point on the surfage of the circular cylinder
Strength of "milligauss” in magnetic field
Note: Bold letters indicate respective "vectors™

{TN: Bold face letters hezein indicated by arrow placed
above letter. Thus H .)




RESTRICTED
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o

GENERAL REMARKS

In this treatise, there is first an explanation of special
equipment which is capable of easily measur%ng under water
the strength of weak magnetic fields of 10-< Gauss* or
below.

Next, there is a theoretical computation of the magnetic
field dfsturbance caused by a finite circular cylinder of
uniform magnetic susceptibility in the terrestrial magnetic
rield. ‘

Further, it has been possible to confirm the fact that the
results of computation and the results of measurement of
underwater disturbances of the magnetic field, using the
above mentioned equipment for measuring weak magnetic
fields where several types of vessels were at anchor, agree
gualitatively. ' :

" Finally, the results of research and experiments in con-
nection with methods of reducing magnetism by meags of &
solenoid wound around ship's hulls have been appended, and
from these results every inference possible has been drawn
relative to the distribution of underwater magnetic flelds
adj:cent to vessels and the method of reducing their mag-
netiam. ‘

*nQeprsted” is the actual unit of strength of magnetic
fields, but "Gauss" 1s generally ugsed as & unit of ter-
restrial magnetism, end so, in this treatise, "CGauss™ 1s

used as the unit of measurement of & disturbed magnetic
field. '

; -~
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ENCLOSURE (J), conttnued

. Because ships are generally constructed of steel, they are magnetized by

e the terrestrial magnetic field, and it is recognized in advance that a secon-

' dary magnetic field will be set up in the neighborhood of the ship, but as yet
the research relative to details surrounding the distribution of the disturbed
magnetic field has not basen published. ’

. In all the research of this sort which has been heretofore revealed, a
- magnétometer which depends on the deviations of a magnetic needle was used,

- and inasmuch as it is used when a ship is entering a dock, its measurements
] are extrsmely rough. Moreover, because there are, in the neighborhood of the
; dock, many oranes, bulldings and other structures made of steel, as wall. as

elsctric wires, etc., which radiate fairly strong magnetic fields, the degree
of reliability of the resilts of measurement is extremely slight. Consequente
ly, because of the fact that the ship's hull is actually present, it has not
been determined whether or not the magnetic field produced circumjacent to it
¥ is dépendent upon the permanent magnetlism of the hull, and nothing has been
R known in regard to the problem as to what changes are brought about in the
e magnetic field when the same ship is in an area where the nature of the ter-
restrial magnetic field is different or when, in the same ares, the heading of
the bow is changed. )

In spite of the fact that these problems were in the past considered
rather important, satisfactory solutions were not obtained, and it is felt
that this was principally because the proper measuring equipment had not been
found. - i

That is, in order to make a thorough study, it is first necessary to ob-
tain equipment for measuring weak magnetic fields, such that it will be capa-
ble of measuring the nature of the distributlon of the underwater magnetic
field when a ship is anchored by itself, and as soon as suoch equipment has
beer obtained, these problems can be easily solved, but as yet such a magneto--
meter has not been made known. Because these problems are probably oonsidered
important in foreign countries too, it may be that some intensive research has
been conducted and good measuring equipment devised, but there are many divi-
sions concerned with military secrets and since they have not besn revealed,
we are not able to get any information on them. .

In the Department of Geophysics and Methods of Detecting Magnetism, re-
search is being conducted on the problem of disturbances of the terrestrial
magnetic field caused by large structures with a magnetic frame, but it seems
that equipment for measuring weak magnetic -fields underwater has not yet been
devised. All sorts of theoretical computations of the disturbance of magnetic
fields have been made but these have usually been thought up in connection
with material objects which stretch out ad infinitum in one direction, and it
is coneidered a little premature to apply then directly to ships*.

Consequently, the author, who received an order to conduct thorough-going
research on these problems, devised équipment** for measuring weak magnetic
fields underwater and then made theoretical computations for the nature of
disturbances of terrestrial magnetism caused by a finite circular cylinder
with a uniform magnetic ratio. The results of these theorstical computations
and the results of measurement ;n;connection,with an actual ship, using the

iy iy S D WM e Wb CwR WIS MY G me N G WS Gy G W GES GAD OR MM WS R R NS W e T mE em | me e e = e

11. Reports of the KAKIOKA Terrestrial Magnetism Qbservatory - Volume 2,
Special Volume No. 1, etc.
*¥April 1939. Announced in Naval Report.
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¢

measuring equipment devised for experimental manufacture were studied compara-
tively, and it was possible to ascertain that they both agreed qualitatively.*
And. so it is felt that these problems are virtually and basically solved, and
it is surmised that the limits to the application of thls knowledge are rather
broad. Further, there is a close relationship between these problems and the
method of reducing the magnetism of a ship's hull by means of a solenoid wound
about the circumference of a ship (Degaussing), a method announced by England,
- and 80, at the end of this treatise, there is an explanation nf one part of
the basic research** it involved.

II EQUIPMENT FOR MEASURING WEAK MAGNETIC FIELDS UNDER WATER

The equipment used in the past to measure magnetic fields consisted of
one type which depended on the deviations of a magnetic needle, another wkich
depended on an induced electric current produced by rotating a wire coil at a
fixed speed, and one which made use of the cheénges in the electrical resis-
tance of bismuth, but the two former ones were not sultable for measuring the
underwater magnetic field in the neighborhood of a ship's hull. The latter
one could easily measure the underwater magnetic field at one point, but it is
used principally to measure strong magnetic fields, Bismuth of the sort whioch
could measure such weak magnetic fields as ars produced by disturbances of the
terrestrial magnetic field has not been found.. In short, in order to measura
the nature of the distribution of the magnetism of a ship's hull, it is nec-
essaxy that the measuring be carried out in connection with a ship which is in
the water and with equipment which makes its measurements by means of a comp-
' pletely waterproof and easlly handled object, but among the things which have
been heretofore made known, none have been found which were suited to the pur-
pose,

Generally speaking, the magnetic permeability of permalloy changes quick-
ly in a weak magnetic field and, if its composition and heat treatment are
proper, this characteristic is most outstancing. Therefore, it has been pos-
sible to manufacture experimentally a device suitable for the purpose of meas-
uring weak underwater magnetic fields.

AsSuming that » represents the magnetié permeabllity of permallQy, u«
will generally be a function of the strength of the magnetic field, , and
b:ﬁween magnetic induction B and H , there will exist the Tollowing relation-
ship: - -

B=uH

Pig. 1 (J) glves the example of the so-calledB-H ourve. Since the
hysteresis loss is very slight, the hysteresis loop can be considered to
low a single line, as is done in the diagram, If an oscillating current
I1sinwt 13 sent through the primary winding of a wire coil with a core of
a suitable permalloy, & , the induced electromotive force produced in the
secondary winding, is given ia the following formula:

g = k = Kki{p + )

Here B expresses the strength of the magnetic field of the inner permal-
loy, and in this instance the exterior magnetic field which acts upon the
permalloy is a compound of hsinwt which depends upon the alternating curreat
{ ain at an& magnetic field B which formerly existed at that point, Assuming

*Japuary 1941. Announced in Naval Report.
**pugust 1941. Made pudblic in Naval Report.

W '
- 41

20




RESTRICTED

ENCLOSURE (J), continued
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that this 1s H, (that is, H, = h sinwt + H_ ), H , the strength of the
inner magnetic field, is given by the following formula:

- NM Lo

HIX
Here N is, the demagnetizing factor (Entmagnetisierungs Faktor) of the
permalloy and M is the value of the magnetization within the permslloy.

8o, if < stands for magnetic susceptibility (magnetische Suszeptibilitat),
M= xH 7
Therefore, the following formula relationship is established:

= 1T +«N H,, = h' sinwt + Hi
R = Hy
where = TEkn @ HT TN

Using the above results, it.is difficult to express this in a numerical
formula with » &s a functlon of H , but in any cacs € becomes a function of
H,, (§ 1f I sin wt 4is fixed), and J , thé current created in the secondary
wihding, becomes a function of H; . Thls is expressed by f (H.). ,

That is, J = 7.

When in Fig. 1 (J) HI = O , the magﬂetie induction is alternated with
t B, as amplitude, but when magnetic fields H. or H. already exist, the alter-
nate magnetic fleld becomes Hj + B* sin wt or O + P sin wt , and when the
magnetic induction vibrates so that iB, , Or iB. is the amplitude, e , and
consequently Js in both cases change not only theilr amplitude, but also their

wave 1orm.

This function, f(H,) , is determined by the nature of _the permalloy and,
if one is melected whose f (H) value is a weak magnetlec field, such as the
terrestrial magmetic field, changes to a marked degree in the face of a minute
change in H, , the strength of the magnetlc field H. , at that point can be

readily known from J:, the amount of current in the secondary slde. Use can be
made of the above mentioned principles in deslgning a magnetometer, the basic

#lement of which 1s a coil with a psrmalloy core which can be immersed. It is

easy to make sueéh an element water-proof with a non-magnetic material, and its
handling 1% extremely simple.

| in F&ﬁ. 2 LJ) the construction of the experimental equipment for measur-
derw

ing weak ter magnetic fields 1s illustrated diagrammatically, and in
the core of the portable magpetic receiver goil (1) the above mentioned
specidlly Heat treated ermalloy was _used., The change in the wvalus of 7 (H:)
egorrespond to a slight (10T Gauss} ¢ e ip H: is small by comparison
with the vdiue of J (Jo) when H:. = 0O . It 18 difficult to find the value of
H: directiy from the vaiue of J , and su, for this special purpose, & coreless

0il, that is a compensator coil (3) which 1s not affected by the strength of
Ehe external magnetic field of the secondary current, is provided. The same

scillating curtrent as in the magnetic receiver coll is sent through the
primary winding, and if the induction current J, produced in the secoudary
wipdl is in the opposite direction from J, the combined current A: 1s alsoc a
function of H: . ‘ - )
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?ﬁ\: / A e » where A (0) = J

o ’

- J, » can be made larger than %‘h/ Jo
end sp 1t is possible to detect it with the proper ammeter.

Consequently, it should be possible to determine the value of H: from the
alue of A but, because of flu@t§ations in the output of the oscillator and
Eg;the changes in the capacltance of the elect#ic cable which extends cut to
s measuring pnrint, it is difficult to calibrate directly the value of H.
.from the value of A: ., Therefore, in the magnetlc receiver coil still a third
winding i@ made and direct ocurrent A. is passed through it and, when a current
of such magnitude and direction is produced so as to neutralize the magnetic
field at that point, the external fleld whieh the permalloy recelves becomses
zero, and the current which 1is produced in the secondary winding becomes Jo e

However, "1Jol > 18] 4in the case of such a curved llne as B-H in
Fig. 1 (J) and so, if the compensating coll is adjusted so that Wl > 1ad ,
it is fossib1e~for A; to assume & very high value within the necessary limits
of iz (less than 1 Gauss) only when H. = 0 . Therefore, if the variable
resistance R. is adjusted so that A, shows up as very large, then the value
obtained when the constant of the third winding (magnetomotive coil) is multi-
plied by the value of A: , 18 H which is the strength of the magnetic fleld
at that point. And so, it is simple to look for the value of H, for there are
no difficulties from the standpoint of measurement.

By this method, if adjustment were made so that when H#H, = 0 , J, = J,
(that is, A, = 0 ), it was thought that the maximum reduction would have been
reached,but J, and J, differ in wave form and,phase, and so, quite to the
contrary, in order to improve the reduction, the proper permalloy, as well as
a suitable oscillating frequency and circuit constants needed to be declded
upon. After various tests had been repeated, the hoped-for-objective was
achieved by means of the following things:

(1} Portable netic receiver coil.
{Enclosed %n comp;etely waterproof brass case - See Fig. 4 (J)
“ (a) Core: Permalloy* :

0.07cm thick
1.0cm wide
32cm long

(o) Primary winding - 5000 turns

. Electric resistance - 290 ohms
{(e) Secondery winding - 3000 turns
_ Blectric resistance - 113 ohms .
' Insertion resistance - 610 ohms (Rs)
(d) Tertiary winding - 300 turas
- -Constant 17.3

(2) 6-Core waterproof cable
{About 150 meters in length)

(3) Measuring instrument

(a) A - AC ammeter
‘ 150me sensitivity

Oxidized copper rectifier attached

* The author expresses his feeling of gratitude for the
received from Mr. Tsuneto IKEBE D.Sc. of .the Physical and Chemical
Research Institute and Mr. Tadashi MASUKO D.Sc., of the Japan

- Electrolytic Iron Works, in connection with the manufacture of permalloy
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(v)

~-DC ammeter ;
30 M.A. sensitivity
One graduation = 0.2 M.A.
C - Oscillator
Vacuum tube type

Frequency 4000

‘Compensating coil.
;]Insert properly in the measuring instrument})

(a)

Ay

(e)

Primary winding - 10,000 turns
Blectrie resistance - 145 ohms
Tusertiop resistance ~ 690 ohms (R,)

Secondary winding - 6000 turns
Electric resistance - 226 ohms
Insertion resistance - 822 ohms

(b)
(Ry)
(Symbols are the same as those used in Pig. 2 (J))

By rotating the magnetic receiver coil from an Bast-West direction to a
North-South direction in a horizontal plane, Ay , the composite value of the
secondary winding is measured and the values derived from measuring the
strength of the horizontal magnetic field every 100 in that direction are shown
in the following table. :

Because 0.307 Gauss was obtained when the horizontal component value, f ,
of the terrestrial magnetic field at this point was measured with an ordinary
magnetometer, the strength of the magnetic field when the coil was rotated &
degrees from East-West is clearly H, sin 6 and since the error betwesn this
and the measured value, as shown in the following table is less than 6x10-
Gauss, the ratio of error is less than 2,1%. :

Angle

of
Ammeter
A

Deviation

Value of
Required
Induced Mag-
netic Cur-

Strength
of Measured
Magnstioc
Pleld

Strength
of Magnetic
Field in
That Direc-

Error

Percentage
of

'(FIO% E€N)

. :
6° (Micro- (Mi11i-

amperes)

(Mi11i-
gauss)

tion
H, sin @

Error

140
54
107

53
105
154
197
235
266
288
302

307

, ‘ AVorega 1.0

Because the -error in-retation- sngle of the magnetis receiving coil is
included among these errors, it may be said that this equipment is acourete
for measuring magnetic flelds up to 10™< Gauss. The results of measurement of
the deflection of ammeter A, a8 ourrent is passed through the tertiary (mag-
netomotive) winding and the megnetic receiver coil is placed in an east-west
direction on a horizontal plane, as well wa when the coil 18 turned 1a an arbi-
trary direstion, are given in Fig. 3 (J). In-reference to (b) in Fig. 3 (7)),

o o o
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N

L
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ENCLOSURE (J}, continued

: ) Qutput Regulator
: o ¥ : Pilct Lamp
g /)
Coil Converter ' Z @

Sensilivity Tertiary
Adjuster Polarity Fine Adjuster Rough Adjuster os'::.'x':'

itch
SWI 5 ? Switch

| on On i
ot

Tertiary Coil
Current Switch

i

Panel of YZ Magnetomater

Figure 4(J)
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s béoomes}maximnm~when the magnetgmotive current is 126 milliamperes; so the
ﬁtrength of the magnetic field in the direction of the magnetic Treceiver coil
it that time 1s 17.3 x 12,6 or 218 milligauss (17.3 is a constant ig the

$ertiary winding).

As is clear from the above explanation, this equipment makes dependable
measurements of the average magnetic strength within the vicinity of about 30
centimeters, but it cannot measure the strength of the magnetic field at one
geometric point.

By making use of these basic principles, it 1s possible to manufacture
equipment which will measure narrower magnatic fields (close to a single point)
as well as weaker magnetic fields (up to 10~% Gauss), but it is extremely dif-
ficult to locate the magnetic receiver coil in the exact direction of the poimt
to be measured, when measuring the distribution of the underwater magnstic
field adjacent to the ship, and so, inasmuch as the errors which occur in try-
ing to measurs the magnetic field at a single point are in general far larger
than those which oceur in the measuring equipment, this equipment is believed
to be satisfactory for present purposes.

The equipment which has been masnufactured for actual use* requires two 6
volt batteries and one 200 volt battery for pewer, as shown in PFig. 4 (J).
Data in regard to the wiring of the various parts is given in Fig. 5 (7).

III THEORETICAL COMPUTATION OF DISTURBANCES OF MAGNETIC
rIEzﬁ‘EzﬂsEﬁ'ﬁ?TK‘ETNITE‘gxEBUEKR‘GYEINBEﬁ‘WITETK“'

"""‘f'ﬂNTiTﬂﬁI1EEGRETIE'HﬁSEE?TIBIEIT?""""‘
.The Shape of a ship is extremely complex; so it is almost impossible to

express it accurately in mathematical terms, It may be that the external foma
alone can be 80 expressed, but when the problem of disturbances of the adjacent
magnetic field are considersd, there are, of course, differences in the exter-
nal form, besause of diffeiences in hulls, and these togethor with the dif-
ferences in the magnstic substances, that is, the varieties of steel, included
within the hull make a complex problem. Consequently, it may well be said thst
it is impossible to produce a formula equal to computing such diaturbances
-acourately. And so a finite oircular cylinder was selected as representing
suffieiently acpurately the form of a ship, and which could be easlly used,
moreover, to make mathematical éomputation., Cemputations were then smafe of ¢he
disturbances of the adjacent magnetic field when it was placed within the ter-
restrial magnetic field. .

Certain types of vessels closely approximate an oblateé spheroid or a
square c.lumn in shape, but it 18 only possible to arrive at a qualitativs
tendenoy by theoretical computation anyway; so, it is all right to use a cyl-

inde¥ for the purposes of study. .

.Generally, when a homogensous magnetic substance with magnetic Buscepti-
pility ® 1iea in the terrestrial magnetic field # , there is a disturbance of
‘the megnetic field about the megnetic substance. Now, if we let d8 gtand for
as area at any point Q (5 v, %) on the surface of the magnetic subg
and 7 stand for the unit vector of the outer normal at that point, then at axy
_point P (X ¥, 2) outside of the magnetic substance, the magnetic potential V
gaused by this magnetic body is given in the following formula:

*#asgiptancs was received from Mr, Isao TAKAHASHI of the Japan Tel. & Tals
_ cqi_gn copnection with the manufactured artiocle. . -
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DATA ON EQUIPMENT FOR MEASURING WEAK MAGNETIC PIELDS

(Items correspond to those shown in Fig., 5(J))

Name

Data

Remarks

Vacuum tube (oscillator)

U¥-37
UY-38

To amplify oscillator
To amplify

Power supply pllot light

6v-8v small lamp

D.C. Ahmeter

"30me, "1 Calibration - O.

2ma
150ma Internal resistance 3300

Pree¢lsion type

Msgnetic receiver coll

A, Primary winding 6000T 184 Q
B. Secondary winding 3000T 88
C, Tertiary winding 552T 7.8q

Permalloy core-0.7cm
¢hick, 1.0cm wide, 32cm
long, Enclosed in

brass box

Compensating coil

a, Primary winding 5000T 480
b, Secondary winding 6000T 2050

2 - parallel
2 -~ series

Osciliator coil

N, = 10001 N, = 1000T(

4

Choke coil

30H T-30 Type

Output transformer

~17.1me Type

Osclllator condenser

O.llnf Mica ocondenser

'coupling oondenser

0.1lnf Paper condenser
O.lnf Tubular condeaser

Anode by-pass condenser

2mf Paper condenser

Cathode by=-pass

2mf Paper condenser

Fixed resistance

13000
30000
67800
0KQ
50K
1Kn
1KQ
1000

Winding
Winding
Winding
Rikenomu 1C
Rikenomu 3C
Rikenomu 1C
Rikenomu 1C
3C Type

Type
Type
Type
Type

Variable resistance

300K
6000
6000
50000

Lux

LUX 713 Type
LUX 713 Tvpe
LUX 713 Type
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V.= x f‘!l. (& "'-vmf.d'ﬂ'\\i}‘._'.:...'.,.‘.:c'.'.-_ ..'.‘;ii;"‘ .“ .,.'..'.-'.-.,ﬁ'.:.“.k... cees {1i

‘where r denotes the distance between p and Q. That 1s,

r=d -0+ v s mayg”

Consequently, 1f we let H equal the intensity of the disturbance of the mag-
‘netic field caused by the magnetic substance, we get the following formula:

‘ H = =888 V iceieenerosscsosnseseccocasssissossscscssesssassnssisscrsssce bR}
- When the surfade of the magnetic substance is éxprassed by the equation:
| | | FEVL = 0
'the direction -cosfhes of the outer normal of the surface are given as follows

FO1FE  l¥ - 4% Fao, Fa . Fo
% % X, = @ f@?'*“(%

If wé let H,, , H, , and H, equal the three scalar values of %, we
- get: i :

: , 1 o ' o .
(Ho - m) = § (H,, 3¢+ H,, %+ Hop LV eseevmvensecctnncicacancranenees (3)

Now, taking as our reference points- the. x axis (axis of the finit¢ ciroular
cylinder with diameter 2b and length2a ) &nd center point O, we draw the

axis vertically downward. (See Figure 6(J).) “Assuming that the axis of the
.cylinder lies in a horizontal planey that 1s, meking-the direction of the x
axis the bow to stern center line of a ship, we assume that'plane xy is a
‘horizontal plane. If we considsr the surface of the cylinder divided lanto
‘side and end surfaces and assume that V, is the portion of the magnetic poten=-
.tial contributed by the side surface, V., as the portion contributed by end
'surface x = a , and V, as the portion contributed by end surface x = -a, we
get ths equation: , :

V= V4Vt Vs CH F HatHe tHs
Hy = —gradV; where 1 =

. Ir we let = equal the dip of the rfield of terrestrial magnetism Ho and &
equal the angle between the ship's longitudinal axis and the magnetic meridian,
then V,, the magnetic potential contributed by the side surface, becomes, from
formulas (1) and (3): , 9

v, = ‘KHOJ%%(vcosas‘m8+»§sina)ds
If we use cylindrical coordinates,
7 = b cos.6, S = ksing, ds = bd¢ ds
and so,
Ya cem oy '
V, = «bH [ d& Qf T, (cos a sin & cos 6 + sin a sin 6) d6
2 -

There .2 = (x~&)2 +y*+ 22 +5F ~ 2By cos 0 + z sin 6)
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If we use the variable £ in the same way in comnection with the end surfacss
and let ¥ = o @os & and & = p 8in O, we get ds = p d6 - dpo , and so,

’ b e
V, = «kHycosacosd | pdo | %bde
' g

2
Ty

= (x-a)lf+y?+ 22+ 0%~ 2p (ycos6 + 7 sin &)

At £ = -a end surface, the direction of the normal is the exact opposite
to that of the end surface at £ = a and it differs only in the sign ¢ .
Therefore, the value of V, is obtained ty replacing (x -a) in the expression
of V. with (x +a) and changing the sign of the whole expression. That is, it
is all right to change the sign of x in the expression of V,, and so, writing
this as V.(-x), we obtain the following relationship:

Next, if (x-£)°+y*+2°+b® = A  and 2bly cos ¥ +z sin ¢} =x , S0 long as
point P(X,y,2) remains outside the magnetic cylinder

r® = A°-X>0  that is, 1>% -1
Therefore, when

is developed, it converges. Se, by replacinmg ¥y = h cos g and 2z
we get 2= 2bh cos t

, and. d¢ =dt , where ¢-5 =t
fore, we get .

= nh sin £

and h* = y%2? . There=

27 27~
x cos ¥ &b (2 b_-h)" J (cos B coe™ 't - gin B ein t cos"t) dt
C n 278 n A+l

X 8in6 d¢ {2 beh) _2[; {cos Bsintcost +sinBcos t)dt

o 2m ‘.
J esftdt = [ ein’tdt =
and since 0 4

27 - o < 2m 2
{ cos”ltdt.={ sin“ltdt=fo coe"t,sintdt=j"ain"t,costdg=0
¢ n
(where p and n are positive integers),
we get the following formulae:

2m

1
£ r,c6d = 2zbpl 1

PO PP I POV 0000500038000 00800003

277;' . - r--:.-:-s-(S)
[ r einod = 2nbal

© 125005 susaldp=3) e = 1) | ety e2h 7T
g 9§L 2060 10 s0affp~ 2)

10:181)
20 AT
(

(ReR Y
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Similarly, we obtain the following formula:

2111 ) E
fo @ = 27I7 i e e, (9)

. P
> eeldp=1) 1. 3252 ceul2p= 1 4p° (y*+ 2%
* .ve 4p 2¢ 4 269 14ae 2D AlY ese(B)s

.._,;,A{2 = (x~a’+y*+2%24+°

'Consequently, if

Ji = f Id‘f ce
=8y } eetsessseacsessensenens Seseccsesrentnnrcsnntercenanonons [§16})
- J2 = [ plfp :

the three components of magnetic potential v are derived from (5)~ (10) and
are given in the following i‘ormulae.

V, = 27k bH, (y cos a sin 8 + z sin a) J,
Vo = 27k Ho cOsSacos § « Jp
VS = - V2 {(—x)

Therefore, according to formula ,(b) the intensity of the disturbance of
she magnetic field is as follo :

= Hy, + Hzx * H3x
Hly * H2Y ¥ HBY

H +-H2z‘+ sz

12
- 27K bzﬂé (y cos a sin 8‘+ Z sin-a)
. a2
=27k Ho €08 @ COS & H-

H,, (=xX)

2%

- 2mKd*H, {J, COS @ sin § + (y cos & 'sin 5 +z sin a) %‘ }
- 2mk Hy coéacos 8 %’

- sz (—x)

P

= - pmk b°H, {J, sina + (y cos a sin § + z.sin a) %‘1}

=~ 27k Ho COS a cos 6 %2

- H,, %)
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e fA-HP-“d:f; Ii - d, (x - £)
Comgre o) B2

i}

1 ..-—‘Lr;il~P S 4P - 4 Pur~3
=3 B * Wp-3)Nep~5 " BT *t

, P-4)4P-6) .. 0-8-48 p
(P E P -5 .1 5 e T )

{l

. ; ; . i
Therefore, from formulae (8) and (10) the following relationship is cbtained:

s . ® le3e5e..(P-1 1 e
.Ji‘—- B S T {Qbi’(y2+zy)}l’l

-

xta x*ta 1 xta x-a
As A1 )’* 5w ( Ad T A3 )t

. L1l o x+ta X -8
e (P - 4) B (BYF T A5T) } vernersee(ld),

1 - “pe
s @) T )

x+a x 1
{Z(P-l)b—ZP(y +z)}{BTr( )+ g

* 7% sees (4P — B) ‘]_. Xta XxX-a

X—a 3 - a
4 6 vee (P —4) o B* AP T AT

-1
3070

g 2 2 '
115« 3¢ «ealdP-5N4P 73 (y*tz) xta x-a },,,(14,
F O TATITEF eveeenees (4P - 4 B2 (A §F=2 T p,¢PL kz
Where ) :
A*= (x—a)® +y" v2® + 1P Ag = (x+alf +y2+ 2%+ 12

includes only y znd z as (y°+z%) and so, the relationship
lﬂi = igi ¥ '
y ay - Z & sevessoes

is established

Next, (x,y,z) are points outside of the c¢rcular cylinder, aud so,
formula (10) we get .

aly o i

'axl f gx ds
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and because x snd ¢ in the »expi':és\‘si‘ovn‘ I are included only as (x - ¢)

Therefore: (1(§=. - g 'A)

rvees (AP —3) 135 ... (P-1)
ceee (4P —2) 244469 veeeer 2P

- 1 1 o .
o A (4°(* + 2% }“,,{W"W} e (140
and moreover, - ¥, _ ° 31’ 1 ¥ o cos O
v ) eyl =g ) oede ] RS g

v

- Therefore, if it is handled
following formulae:

T © : . - eee -+ . » 7 .. (2P+l)
-y 3R e ety
’ p=o

in the same way as when we computed I we get t

b 2pe1 3 2P+3 &
x| (aPPs — o+ 1 AT ) %

.y @ 3r7ell- ... (@P-1) oo (RP-1) 4P+ 1

}.
A13P=2°4.8.12- vee. 4P 2 - . Prz

b2(y? + zz
x CRIEED P
and N .
P B 1 § 1
Next,
} ]A: -lwu)pzru dg = J A; -4p (A;z- Dz)"dA»
NEINLIBISE

349 A 28 AL

=0

Where A° = (x=ai®+y*+2°+0° = D*+,® that is, D = (x-a)”+y + 2zt
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Therefore, from both formulae (9) and (10) we get the following formula:

e @ 3 e7ell e (4P=1) 1leBe5c .. (P -1
:(X‘a’ﬁaq's*mv."n T T A G e P

R

 ﬁ3j1xt(4P<+ D2y [

§ PP=1}(P-2) .o.. (P=qg+ 1)

=0 1*2+3° ...

-n' { 1_D.2q _1
S5P+ Q)+ 1 aFI(x) — pEeT ]

Thus, given the constants & b, to, « etc., if we use formulae (12), (13, 1 thru
3) and (14, 1 thru 7), we can compute the intensity of the disturbance of tHe
magnetic field at various points outside of the circular cylinder. The con-
vergency of the infinite series in the above various formulae is rapid when
the voints (x, v, 2) , whose intensity in the magnetic field are sought, are
distant from the surface of the circular eylinder, and for our purposes satis-
factory results can generally bée obtained, if three or four terms are teken.
(If allowance 1s made, in general,. for an error of less than three percent,

no difficulty will: be experienced from a practical standpoint.)

IV NUMERICAL EXAMPLES AND COMPARISON WITH TEST RESULTS

By means of the various formulae given in previous paragraphs, the inten=-
sity of the disturbance of the magnetic field caused by the circular cylinder
at any point outside of it can be computed no matter what the orientation or
location of the cylinder may be. Now, in order to make a rough qualitative
comparison between various types of ships and the cylinder, we let a = 50
meters, t = 60 meters, and 2%« =1 . Now we shall try to compute the inten-
sity of the disturbance of the masgnetic field in the following four places
with three different orientations, that is where & = Q@ (the bow facing north),
§ = 300 (the bow facing N30°W) and 5 = §0° (the bow facing west).

(1) aa=0, Ho = 370m  (PALAU I: area)
(2) a =300, Ho = L16mI" (TAIWAN area)
13) n =49051%, H, = 502m" (YOKOSUKA area)
(4) '« =60920*, Ho, = 517m" (MURORAN area)

. The values of a and Ho given above for (1) and (2) are those given on the
charts of terrestrial magnetism prepared by the Naval Hydrographic Office, and
for (3) and (L), we used the measured values. These measured values differ a
little from those given on the charts, but it makes little difference for
practical purpeses which are used; so we declded to use the measured values.

Pigure 7(J) shows the variation of the three components of H-along three
axes in the case of a ship poilnting North in the YOKOSUKA area, and Figures
31(J) and 12(J) at the end of this report show the computed values., From
figure 11(J) we know how the distribution of the adjacent magnetic field in
that ares was -affected by ohanges in orientation, aend from Figure 12(J) we
know the nesturs of the varlation in the various areas.

On the right hand side of Figure 8(J) are shown the measured results
obteined at Yokosuke harbor with the ship's bow pointing north and east, aii an
example of the results of actual measurement of an underwater megnetic field,
using the equipment described in paragraph 2, for measuring weak magnetic
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WHEN Q:49°51' 1/0=502 §=0
| (VOKOSUKA POINTING AGLTH)

Y Ll PIIV4 PIPI4 79974y

-~

p=—=op
E- (V4o 2+

Figure 7(J)
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fields. .The results computed from the circular cylinder with &« = 1,45 are.
‘shown on the left. for the purpose of comparison. From this diagram it can be
seen -that both sets of results coincide very closely in respect to the fol-

lowing:

g(I) Vardetion in the longitudinal cross section slong the ship's axis,

(1)

The horizontal component (H,) along the ship's axis,

(a) Neai the bow, large positive values were taken on both when
pointing north and when pointing east. The positive value was
larger when pointing north than when pointing east.

{b) In both cases, it rapidly decreased toward the middle part of
the hull and was smaller when the ship pointed north than when 1t
pointed east. Finally it bacame negative‘(at the stern).

Vertical downward component (H, )

(a). Near the bow, large positive values were taken on, both when
pointing north and when pointing east, but the positive value was
greater when pointing north. - The difference between th® two howeves
diminished toward the middle part of the hull, and finally became
larger when the ship was pointing east.

{b} At the stern, when the ship was pointing north, rather large
negative values (upward) were taken.

As 1is clear in Rigure 8(J) a ship differs greatly from the ciroular
cylinder in shape, both at the bow and stern; so it is natural that
-the 4wo should differ to a great extent quantitatively in the dis- -
tribution of the disturbance of the magnetic field.

(1I1) Variation in the cross sectional plane normal to the ship's axis.

1)

The
.porarily

Horizontal component (H, ) normal to the ship's axis.

(a) At the center (directly beneath the line of the keel), it is
zero when pointing north, but rather large positive values were
taken on when pointing east.

(b) When pointing north the maximum velues occurred directly below
the side of the ship, and when pointing east, the Raximum values
were taken close to the center of the ship. Gradu@lly the positive
value decreased and became smaller than that when pointing north,

Vertical downward component (H,)

(a} :Maximum positive value when pointing north was taken at the
centér of the ship, and when pointing east, on the left side as you
face Figure 8(J), but it decreased rapidly in the latter ease and
become smaller than when pointing north,

tb} -The sign—change&—at~a point directly below the-side-of-the- ship
and pointed upward. The magnitude of the upward intensity was-
larger when pointing east than when polinting north.

steel which forms the structure of a ship, in addition to being tem-
magnetized by terrestrial magnetism, contains a considerable amount

‘of mggnetism caused by permanently magnetized material. Therefore, we cannot

6!
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apply the results computed with the previously-mentioned circular cylinder
direetly to aetual cases., It is, however, believed that that part of the
variation which is caused by the values of the terrestrial magnetism (dip and
_magnitude) and the different positions of the ship's bow can be determined
qualitatively from the ebove mentioned computed results.

There were, as showr in Figure 8(J), rather considerable dirferences
quantitatively, but it can be observed that the results seem to agree qualita-
tively. Moreover, the same results were obtained when other types of ships
were used and different locations were chosen to conduct the measurement.

V. METHOD OF REDUCING MAGNETISM BY MEANS OF A SOLENOID

~~ Now let us give a thought to the matter of "degaussing"™ by means of which
an attempt is made to reduce the disturbsnce of the magnetic field due to the
presence of a ship's hull. This method involves passing an electric current
through a coil which has been wound about a ship's hull.

If we use a finite circular cylinder in place of & ship's hull, as men-
tioned previously, and wind a solenoid closely about it, it becomes a rec-
tangle in the horlizontal plane, z =0 . Letting STUV represent the rectangle,
the coordinates of the four points are fixed as follows:

S(a, b, o) Tla, -b, o)  Ul-a, =b, o} - V(-a, b, o)

If we pass an electric current through the rectangular solenoid STUV and
let H, equal the intensity of the magnetic field sst up outside of it, the
exterior magnetic field, H which affects the magnetic circular cylinder is
given as follows: K

-

B

—

P . O '
= H, t H,

If we let N be the coefficient of the magnetic resistance of the magnetic
body which comprises the circular cylinder, the strength of magnetic resis-
tance is ex-ressed by NM and the inteasity H, of the magnetic field within the
circular - iinder is expressed as follows:

-M 1s the magnetization strength of the circular cylinder, and so, we get
o=kl -

-

M = TFxR

Therefore, if we let V, equal the magnetic potential outside the circular
cylinder, V, i3 expressed by the following formula:

iy

1l -
V, = JFr(Mn)ds

And from formula (17) we get

— _1. oK = .
V" - fr { 1+RNH};;, 8 ciiverscecertacceresoccncens

Therefore, ﬁ:; the intensity of the disturbance of the megnetic fiseld,
adjacent to the circular cylinder when it has been wound about with a solenodd,
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- is sought from the formﬁla: v A
H = —grad V, «eoveenen cereseeeenas ceeneenaaans eeneraeeneraaraaes ceell0)

but « and 8 are, in general, functions of M and the forau of_those functions
cannot be accuretely determined. In the present lnstance, H , hence N differ
in value at various points within the circular cylinder. Therefore, whea it
comes to the integration of equation (18), the value of V,, hence H;,cannot be
calculated accurately, because « and N differ in value at various points.

If we let H represent -the intensity of the distwrbamee of the magnetic
field caused by the circular cylinder without sending an electric current
through ‘the solenoid, the shape of the solenoid and the amount of current mms$
be set so that they fulfill this relation:

hﬂ > lH; +'H7i
if we wish to reduce the magnetism by sending an electric current through the
solenoid. We cannot, however, determine the value of H, theoretically, and
so, we cannot hiastily conclude whether or not we will always be able to muain-
tain such a relation. In this section we assume that H,-K = ¢ in the expres-
sion H, + B, — B which is the intensity of the magnetic field decreased or
increased by means of a solenoid, that 1s we ignore the disturbances of the
outer magnetic field caused by magnetization of the circular cylinder by the
magnetic field set up by the electric current in the solenoid and we consider
only H,, the mgguetic field produced directly by the current, as the reduced
megnetic field® i

|

In general, when we have electric cﬁrrent i along circuit i‘the vector
potential, A4 at a point outside of and caused by the eleetric circuit, is
expressed by the following formula:

A= [24q

where dl expresses the elementary ¥Yector at an arbitrary point ¢ on 1 and
where r 1s the distance PQ. Therefore, when we send elect®ic current i
through the rectangular solemoid STUV in the direction S~ T-U -V, the direc-
tion V8 and TU are different from ST and UV; so it is convenient to make our
caleylations by dividing the vector potential into ZX,, caused by the former,

vy

and A., caused bv the latter. That is,

A= A +A ... O (20)

EBach component of h} and 12 along turee axes is expressed as rollows:

* The results of measurement using an actual ship indicate that it is all
right to assume that the reduced magnetic field is the product of f., the

_magnetic field camsed by the current, and a(a21l). No difficulty is en-~
countered in actuel practice in assuming the relationship, B_+H -8B = i
thus we get H,-H = (d~1)H, , that is, H, = H+(a+1) H, . Thaf méans that
the disturbance of the magnetic field caused by the magnetization of the
circular gylinder is the summation of H, the value when there is no

" electric current in the solenoid, and a certain percentage of the magne-
tic field caused by the electric current.
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teessecesscsecssssssssssssssncescessaesila
oy Y
lbf . T L_{ l..;d'r)
= -t (y-DP+zd, L F =+ (y b+ 2f

x=a?+ (y-v)? + 2% r? = (x+ta’k+ (y-vi+ 2’

(& v, @) ‘are coordinates of arbitrary points cn the solenoid.

The intensity of the magnetlc Tield caused by the electric current is
generally expressed by rot A_; and so the various components of ty, the inten-
sity of the magnetic field eaused by the solenoid are expressed in the follow-
ing formulae:

Z A b+1 z b-y
H.‘ *{ (a - x)2+ z2é ) (a + x)% zt‘ "—y-')} eoee(2l)y

(a. X atXy (a. X &t X,
s y)zf- z2 T (b+y)?-i-z2 pg ) Feaee(2lg

a.+x b+ a-x
—H Bt 4b_+“if¥57?2(

- }5 b+l . at+x b - v b+1
M GRSt zz( b+ (a.+x)2+zz( )}

[y

PS = ‘I(a X+ b-yi+tz pr =d@a-x+ eyt

PU = J.‘(Z=1+x)2+(b+y)2+z2 pv = Ya+xiP+ (b-y*+2

By means of the above formulae, the intensity of the magnetic field
_caused by any rectangular soclenoid may be found. Figure 9(J) illustrates the
computation of the various values of H X and along line y = o, and of H_,
along line x = 0 on horizontal plane z=g when current i = 1000 amperes is
sent through the solenoid surrounding the circuler cylinder (a = 50 meters,
b= 6 meters) mentioned in Section L.

In the same diagram are the computation of the respective components of
¥ and H- H's and disturbances of the ma{,netic field when 27« = 16 and when the
axis of the circular cylinder was pointed north in the YOKOSUEA area (Magni-
tude of terrestrial magnetism H, = 502ml and dip equals 49°51'). Accord
to this, the maximum velues of the various components of magnetic field g -
after reduction of magnetism, are equal in all cases. (That is, the value of
k is so chosen &s to obtain this result.) Figure 10(J) shows on lines x = 0
and y =0 the comparative attenuation, in the direction of 2 (depth), of the
vertical components of H, the megnetic field when current is not seen through
the solenoid and of H' the magnetic field due to the solenoid. 1In the same
Pigure, a small 12 meter square solenold has been placed on the left end
(north end) of the surrounding solenoid.
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" COMPARISON OF REDUGTION OF INTENSITY OF MAGNETIC

R ‘ FIELD IN DIREGTION OF DEPTH
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ENCLOSURE (J), continued

T™e figure shows the comparative attenuation of the z component in direc-
ticn Zz of ‘both solencoids, when the current in the small solenoid has besn so
adjusted that the Zz component of the magnetic field caused by this small sole=
noid at a point where x = L) meters, y = 0, and z = 8 meters, is equal to that
of the surrounding solenoid.

In this report only one or two numerical exemples are presented, but by
means of such calculations as are given we know that we can anticipate quali-
tatively the various problems related to degaussing. Thersfore, if we make a
few measurements with actual ships, we can reach relatively eccurate coaclu-
sions about those problems.

CONGLUSION

As already mentlioned in earlier sections, the results of theoretical com-
.putations of the disturbances of the magnetic field adjacent to ships using e
‘finite circular cylinder and the actual tendency of those disturbances agree.
Therefore, rather than consider the distribution of the adjacent maggetic
field as though the ship had been changed into a huge permanent magnet, it
would be closer to the truth to assume that it is a magnetic mass, and that it
disturba the terrestrial magnetic fleld. This is becauss the nature of the
surrounding magnetic field varies with the heading of the ship's bow end the
area -in which the ship is located. And so, if we measure the actual distribu-
tion of the magnetic field at one point and with the ship headed in one direc-
tion, we can accurately determine the distribution of the adjacent magnetic
field of that same ship in other locations or headed in different directions,
by means of the results of theoretical computations based on the circular
cylinder. Of course, in order to know the distribution in detail, we must
" make actual measuremeants, but to carry out measurements for each and every
eircumstance would necessitate expenditure of time and money, and at times it
is not even poasible to make such measurements. Therefore, it is extremely
valuable to be able to know the nature of general tendencies, even though we
cannot maeke actusl measurements,

The following is a summary of poin@s previously made:

(1) In order to measure the distribution of the magnetic field adjacent
to a ship, a necessarily light and portable instrument for measuring weak
underwater magnetiec fields has been devised and produced experimentally.

(2} We have made theorstical computations of the disturbance of tha ter-
restrial magnetic field using a finite circular cylinder.

{3} We have ascertained the fact that the results obtained from measure-
ments with instruments devised for use with certein types of ships and
the results of computations using a circular cylinder sgree gualitatively.

(L) We have stated that we can meke gqualitative tests by means of theo-
retical computations even in connection with "degaussing", and that by
making actual measurements with the measuring instrument, we can deter-
mine its effectiveness,
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ENCLOSURE (K)

i

'LIST OF EQUIPMENT FORWARDED TO SCIENTIFIC DEPARTMENT,
NAVAL ORDNANCE LABORATORY, WASHINGTON, D. C.

It is reccmmended that further study be made of Japanese measuring instrumeats
for field and laboratory use, To this end, a sample of each of the following
has been forwarded to the Scientific Depertment, Naval Ordnance Laboratory,
.Navy Yard, Washington, D, C:

NayTechdap
Equipment No. Item

JB50-1173 YZ Magnetometer
JE50-1174 Mitsubishl Type Magnetometer

JB50-1175 ' ‘Bxperimental Type Recording
Msgnetometer






