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1. COMPASS COMPENSATION PROCEDURE

DOCUMENT INSPECTION

Te1e1

1o 142

BEFORE SWINGING AND ADJUSTING AN AIRCRAFT 'S MAGNETIC COMPASS IT IS ESSENTIAL TO
INSPECT THE DOCUMENTATION REFERRING TO .THE COMPASS HISTORY OF THE AIRCRAFT CONCERNED,
SUCH HISTORY WILL BE RECORDED IN THE AIRCRAFT LOG BOOK AND IN THE COMPASS SWINGING
RECORD BOOK. THE AIRCRAFT LOG BOOK CONTAINS DETAILS OF COMPASS SERVICEABILITY,
REPLACEMENT AND PREVIOUS COMPASS SWINGS. THE LATTER NORMALLY CONSISTS OF THE DATE OF
THE SWING PLUS A COPY OF THE RESIDUAL DEVIATIONS TOGETHER WITH THE S! GNATURE OF THE
PERSON CERTIFYING THAT THE COMPASS HAS BEEN SWUNG AND CORRECTEDe THE COMPASS SWINGIKG
RECORD BOOK (OFTEN REFERRED TO AS COMPASS LOG BOOK) 1S A RECORD OF THE DETAIL OF EACH
SWING AND 1S, IN EFFECT, THE WORK SHEET OF THE PERSON COMPENSATING THE COMPASS,. IT
CONTAINS DETAILS OF THE CO-EFFICIENTS FOUND AND THE EXTENT TO WHICH THEY WERE
COMPENSATED.,

| F THE COMPASS TO BE SWUNG 1S A REPLACEMENT COMPASS THEN THE AIRCRAFT LOG BOOK WiLL
REVEAL THIS FACT AND THE PERSON CARRYING OUT THE SWING WILL THEN KKOW TO ZERO ALL THE
CORRECTING DEVICES PRIOR TO COMMENCING THE SWING, | F THE SWING 1S A ROUTINE, TIME
DATED ONE THEN THE RESIDUAL DEVIATIONS OF PREVIOUS SWINGS SHOULD GIVE AN INDICATION
OF THE DEVIATIONS LIKELY TO EE FOUND ON THIS PRESENT SWIKNG.

PRE=~TAXY ACTIONS

1241

PRIOR TO TAXYING THE AJRCRAFT TO THE CCMPASS SWINGING SITE ESTABLISH:
(a) THE SERVICEABILITY OF THE COMPASSES TO BE SWUNG (SEE PARAGRAPH 1.3);
(8) THE SERVIGCEABILITY OF THE LANDING COMPASS OR THE MEANS BY WHICH THE MAGNETIC
HEADING OF THE AIRCRAFT WILL BE DEFINED, OR CONVERSELY THE CURRENCY OF THE
MARK INGS ON THE COMPASS SWINGING BASE;
(c) . THAT THE ASSISTANT WHO IS TQ OPERATE THE LANDING COMPASS OR OTHER EQUIPMENT IS
SUITABLY QUALIFIED OR BRIEFED AND THAT A READY MEANS OF COMMUNICATING
INFORMATION BETWEEN THIS PERSON AND THE COMPASS ADJUSTER HAS BEEN ESTABLISHED]
(p) THAT THE COMPASS SWINGING SITE HAS BEEN CHECKED, OR IS KNOWN TO BE, FREE FROM
ADVERSE MAGNETIC EFFESTS (SEE PARAGRAPH 1.4);
(2) COMMUNICATION WITH AIR TRAFFIC CONTROL OR OTHER AIRFIELD USERS IN ORDER NQT TO
'NTERFERE WITH FLYING ACTIVITIES.
Compass SERVICEABILITY CHECKS
1.3.1 DiRrecT ReADING Compassts

(A) CHECK FOR EASE OF READING OF ALL NUMBERS AND OTHER GRADUATIONS.
(B) CHECK THAT THERE ARE NO BUBBLES IN THE L1QU1D.

(c) CHECK THAT THE LiQUID 'S NOT DISCOLOURED,

(D) CHECK THAT THE COMPASS !S SEGCURELY MOUNTED IN THE AIRGRAFT.

(E) CHECK THAT THERE IS NO EXTRANEOUS MAGNETIC MATERIAL [N THE VICINITY OF THE
COMPASS iNCLUDING MAGNETIC MATERIAL ON THE PERSONS CONDUCTING THE COMPASS SWING,

(F) CHECK THAT NO RECENT MODiFICATIONS IN THE YIGINITY OF THE COMPASS COULD AFFECT
1Te T 1S NECESSARY TO NOTE ANY ELECTRICAL WIRES WHICH MAY HAYE BEEN RE-ROUTED
IN THE VICINIYY OF THZ COMPASS,

(G) SHOULD THE COMPASS SERYICEABIL{TY BE SUSPZCT THE FOLLOWING ADDiT!ONAL CHECKS
SHOULD BE CARRIED OUT:
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(1} Pivor FricTion CHEck

0 -
DEFLECT COMPASS GARD APPROXIMATELY 10~ AND MAINTAIN IT IN THIS POSITION
FOR 30 sEcONDS. HEMOVE THE DEFLECTING AGENT AMD NOTE THE SETTLING
POSITION OF THE CARD.

REPEAT THE PROGEDURE WITH DEFLECTION IN THE OPPOSITE DIRECT!ON.

o
THE DIFFERENCE BETWEEN THE TWO SETTLING POSITIONS SHOULD NOT EXCEED 2.
Do NOT TAP THE GOMPASS DURING THE ABOVE TEST.

(1) Dauiws Chsox

DEFLECT COMPASS CARD 30° AND HOLD IT IN THIS POSITION FOR 30 SECONDS.
Remove THE BEFLECTING AGENT AND NOTE THE TIME TAKEN FOR THE GARD TO
RETUAN TO 5~ AWAY FROM THE EQUILIBRIUM POSITION. THIS TIME SHOULD BE

NOT MORE THAN 5 SECONDS NOR LESS THAN 1 SEGOND AND THE OVERSHOOT PAST THE
EQUILIBRIUM POSITION SHOULD NOT EXCEED 15 . REPEAT IN THE OPPOSITE
DIRECT I ON,.

‘Remote ReEADING GYRO-MAGNETIC CoMpAssEs

1.3.2.1 A8 THE PROGEDURE FOR CHEGKING THESE SPEGIAL!ZED TYPES OF COMPASSES VARIES
FROM TYPE TO TYPE, IT 15 RECOMMENDED THAT THE SERVIGEABILITY CHEOKS LAID DOWN
BY THE MANUFAGTURERS, OR OTHER COMPETENT AUTHORITY, BE ADHERED TO IN ALL
CASES,

SWINGING SITE

SITES ON WHIGH COMPASSES ARE SWUNG MUST OBVIOUSLY BE FREE OF MAGNETIC FIELDS THAT wILL
HAVE VARYING INFLUENGES ON THE EARTH'S MAGNETIC FIELD AT THE SITE. TO GHEGK THAT A
PROPOSED SITE, OR TO RE=CHECK AN EXISTING SITE, FOR FREEDOM FROM UNWANTED MAGNETIC
FIELDS, TWO SUITABLE METHODS ARE GIVEN BELOW (ReFeER ALSO TO NZCAR, ParT I1], LEAFLET
Ad5=1). n .

DisTanT BeaRING METHCD

SELEGT AS A DATUM POINT A DISTANT BUT CLEARLY DEFINED LANDMARK fSUCH AS A CHURCH SPIRE)
ABOUT 10 MILES FROM THE 3ITE. TAKE BEARINGS OF THIS DATUM WITH A LANDING COMPASS FROM
DIFFERENT POSITIONS AROUND THE SITE, GHOOSING THE POSITIONS SO THAT THE WHOLE AREA I8
COVERED. COMPARE THE READINGS OBTAINED. WITHIN THE LIM!IT OF ACCURACY TO WHICH THE -~
COMPASS CAN BE READ, THE READINGS SHOULD BE CONSTANT. |F APPRECI ABLE VARIATIONS OCCUR,
THE SITE 15 UNSUITABLE,

ReciProcAL BzaRing MeTHOD

Teda3a TWO OBSERVERS AND TWO LANDING GOMPASSES ARE REQUIRED, STATIOMING THEMSELVES
30 1o 40 YARDS APART, EAGH OBSERVER TAKES THE BEARING OF THE OTHER., WHEN
SIGHTING, THE OPPOSITE COMPASS, OR THE GENTRAL LEG OF ITS SUPPORTING TRIPOD
(DEPENDING ON THE ASPECT) ARE SUITABLE MARKS. THE INDIVIDUAL READINGS OF
EACH PAIR OF BEARINGS ARE THEN COMPARED AND THEY MUST, WITHIN FINE LIMITS,
BE RECIPROCAL.

1.4.3,2 THE TWO COMPASSES MUST THEN BE MOVED AROUND THE SITE AND BEARINGS TAKEN AT
EVERY 15 OR 20 DEGREES AND COMPARED, SUGCESSIVE STATIONS BE|NG CHOSEN IN
ORDER TO GOVER THE WHOLE SITE. THE GREATEST CARE SHOULD BE TAKEN WHEN READING
THE LANDING COMFASSESs THEY SHOULD BE READ TO THE FINEST POSSIBLE LIMITS,

1e443.3 PROVIDED THAT THE BEARINGS ARE CONSISTENTLY THE RECIPROGALS OF EACH OTHER
WITHIN 1 DEGREE, THEN THE SITE IS SUITABLE.



1.5 CHecks AT ComPAss SwiNGING SITE

IT.ISVESSENTIAL TO TEST IF THE AIRCRAFT COMPASSES SHOW A-CHANGE OF DEVIATION WHEN

1.5‘1
THE CONTROL SURFACES ARE UOVED, THE ENGINE POWER IS INCREASED SO THAT THE
GENERATORS BECOME OPERATIVE OR ANY RADIO OR ELECTRICAL EQUIPMENT IS TURNED ON. [F
A DEVIATION CHANGE DOES RESULT, THEN THE AIRCRAFT MUST BE SWUNG WITH THE OFFENDING
ITEM APPROXIMATING ITS NORMAL CRU!SE FLIGHT CONDITION,
16 MeTHOD | ~ COEFFICIENT METHOD
1.6.17 CORRECTING SWING
(A) HEAD AIRCRAFT APPROXIMATELY OOOo comMpAsS. OBTAIN EXACT MAGNET}IC HEADING AND
NOTE DEVIATION, '
- :
(8) HeAD AIRCRAFT APPROXIMATELY 090~ compass. OSTAIN EXACT MAGNETIC HEADING AND
NOTE DEVIATION,
(¢) HeEAD AIRCRAFT APPROXIMATELY 180°% compass. OBTAIN EXACT MAGNETIC HEADING AND
NOTE DEV! ATION.
DETERMINE COEFFICIENT C: CoerrFicIlENT C = Dev. N= Dev. S
2
CHANGE THE SIGN OF C THUS OBTAINED AND ADD IT ALGEBRAICALLY TO THE GCOMPASS
READING OBTAINED IN (¢). ApuusT THE N~ S (= C) CORRECTOR TO MAKE COMPASS
READ THE ALGEBRAIC SUM DETERMINED ABOVE,
, 0
(D) HEAD AIRCRAFT APPROXIMATELY 270" comPAss. OBTAIN EXACT MAGNETIC HEADING AND
NOTE DEV!ATION.
DETERMINE COSFFICIENT B: CoerrFtcieENT B = Devse E - Deva W
2
CHANGE THE SIGN OF B THUS OBTAINED AND ADD IT ALGEBRAICALLY TO THE COMPASS
READING OBTAINED IN (D). ADJUST THE E = W (= B) CORRECTOR TO MAKE COMPASS
READ THE ALGEBRAIC. SUM DETERMINED ABOVE,
1.6.2 CHECK SwING
o
NOTE THE DEVIATION REMAINING ON 270° AND THEN HEAD AlRCRAFT AT 45° INTERVALS FROM.
270~ NOTING THE DEVIATIONS ON THE REMAINING CARDINAL AND QUADRANTAL HEADINGS.
DETERMINE COEFFIGCIENT A FROM -
CoerFICIENT A = Dev. on (270 + 315 + 000 + 045 + 090 + 135 + 180 + 225)
8
ADD TH!S FIGURE ALGEBRAICALLY TO THE LAST READING OBTAINED DURING THE 8 POINT CHECX
SWING AND ROTATE COMPASS MOUNT TO MAKE COMPASS READ THIS ALGEBRAIC SUM,
7 MeTHOD I!' = DiReEcT CORRECTION
1«7+1 CORRECTING SWING

0
(A) HEAD AIRCRAFT APPROXIMATELY 000~ coMpAss. OBTAIN EXACT MAGNETIC HEADING AND
ADuUST N - S (= C) CORRECTOR UNTIL COMPASS READS CORRECT HEADING,

O .
(B) HEAD AIRCRAFT APPROXIMATELY 090" cOMPASS. OBTAIN EXAGT MAGNETIC HEADING AND
ADJUST £ = W (= B) GCORREGTOR UNTIL GOMPASS READS CORRECT HEADING,

(G) HEAD AIRCRAFT APPROXIMATELY 1800 COMPASS. CGTAIN EXACT MAGNETIC HEADING AND
NOTE DEVIATION. ADJUST N —=_S CORRECTOR UNTIL DEVIATION 1S REDUCED TO 1/2 THE
VALUE FIRST OBTAINED OnN 1807,



1.8
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0
(p) HEAD AIRCRAFT APPROXIMATELY 270 compASS. OBTAIN EXACT MAGNETIC HEADING AND
NOTE ‘DEVIATION. ADJusT E - W cganecron UNTIL DEVIATION IS REDUCED TO 1/2
THE VALUE FIRST OBTAINED ON 270 .

CHECK SWING

CARRY OUT A CHECK SWING EXACTLY AS FOR COEFFICIENT A IN PARAGRAPH 1.6¢2.

FinaL CHECK ON ACCURACY OF SWING

1e8a1

1.8.2'

THE RESIDUAL DEVIATIONS SHOULD DISCLOSE LITTLE OR NO COEFFIGIENT A, B OR C PROVIDED
EACH COEFFICIENT HAS BEEN REMOVED, ON SOME DIRECT READING COMPASS TYPES COEFFICIENT
A CANNOT BE REMOVED AND OF COURSE, IN SUCH CASES,THIS wiLL SHOW UP IN THE RESIDUAL
DEVIATIONS. TO CHECK IF THERE IS LITTLE OR NO COEFFIOIENT C REMAINING USE THE
FORMULA ~

CoeFFicIeENT C = Deve ON N= DEve ON S
2

TO CHECK THAT THERE IS LITTLE OR NO COEFFICIENT B REMAINING USE THE FORMULA -

CoerFICIENT B = Deve ON E = DEve ON W
2

| F THE ABOVE CHECKS OF COEFFICIENTS B AND C DISCLOSE LITTLE OR NO REMAINING COEFFICIENTB
AND THE RESIDUAL DEVIATIONS CAN BE GRAPHED INTO A MORE OR LESS REGULAR CURVE THEN THEZ
SWING CAN BE ACCEPTED AS REASONABLY ACCURATE. |F NO CORRECTIONS WERE MADE FOR
COEFF!ICIENTS A, B oR C THEN THE RESIDUAL DEVIATIONS FROM THIS SWING SHOULD BEAR A
RESEMBLANCE TO THOSE OBTAINED ON THE PREVIOUS SWING PROVIDED THERE WAS NO MAJOR

EQUIPMENT CHANGE.

DocumeNTATION (See ALSO N2CAR, PaRT [1l, LEAFLET A.5-1)

FOLLOWING A COMPASS SWING A RECORD OF DEVIATIONS REMAINING MUST BE MADE OUT AND PLACED
IN THE AIRCRAFTs TH!S RESTDUAL DEV!ATION CARD MAY BE OF EITHER GRAPHiCAL OR TABULAR
FORMe SIGNATURE AND DATE MUST BE AFF!XED TO THE CARD.

CERTIFY IN THE A!IRCRAFT LOG BOOK THAT THE COMPASS HAS BEEN SWUNG AND CORRECTED AND A
DEVIATION CARD FITTEDs A COPY OF THIS DEVIATION CARD IS ALSO TO BE PLAOED IN THE

ComMpass SwINGING RECORD

IT 1S REQUIRED THAT A PERMANENT RECORD BE KEPT OF COMPASS SWINGS UNDERTAKEN., FORM
CA 2138 1S DESIGNED FOR THIS PURPOSE.

2. MAGNETISM AND COMPASSES

1.9.17  DeviaTioNn TARD
1.9.2 A1RcRAFT LOG Book
LOG BCOK.

1¢9.3
MAGNETS AND MAGNETISM
2,741

(A) MAGNET!SM 1S THE NAME GIVEN TO A PHENOMENON THE EXACT NATURE OF WHICH 18 STILL
VERY MUCH A MATTER OF SPECULATION. HOWEVER, THE EFFEC™ OF MAGNET!SM ARE WELL
KNO%N, FOR THE PRACTICAL PURPOSE OF THIS PAMPHLET THE ESSENTIAL FACT IS THAT
MAGNETISM !S CAPABLE OF EXERTING A MECHANICAL FORCE, WHICH LIKE ANY OTHER FORCE,
HAS MAGNITUDE AND DIRECTION,.

(8) MAGNETIC FORGCE CAN BE EXERTED BY "MAGNETS" AND AN ELECTRIC CURRENT. AN AREA IN
SPACE !N WHICH MAGNET!C INFLUENCE EXISTS, I8 KNOWN AS A "MAGNETIC FIELD", :
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2.1.3
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&

(A) A MAGNETIC FIELD CAN PRODUGE A FORGE ONLY IF IT HAS ANOTHER MAGNETIC FIELD
WITH WHIGH IT CAN REACT. |F THE SENSE OF THE FORCE IS BUCH THAT THE FIELDS
" TEND TO BE DRAWN TOYARDS EACH OTHER THEN A FORCE OF ATTRACTION IS SAID TO BE
ACTING, CON?ERSELY, IF THE FIELDS TEND TO BE PUSHED AWAY FROM EACH OTHER
THEN A FORCE OF REPULSION IS SAID TO BE ACTINGs

(8) As STATED IN 2.1.1 macnETS AND ELECTRIC CURRENTS CAN EXERT FORCE DUE TO
MAGNET1ISM AND THEREFORE IT FOLLOWS THAT THEY BOTH PRODUGE MAGNETIC FIELDS,

() A seLF-PRODUCED PIGTURE OF THE FIELD OF A BAR MAGNET CAN EASILY BE OBTAINED
8Y SPRINKLING FINE IRON FILINGS OVER A PIEGE OF PAPER AND THEN RESTING THE
PAPER ON A BAR MAGNET, THIS METHOD CAN PRODUCE A PICTURE AS SHOWN BELOW:

+

Fia.1

(D) IN A sIMILAR MANNER THE FJELD DUE TO AN ELECTRIC CURRENT CAN BE PRODUCED BY
REPLAGING THE BAR MAGNET WITH A CONDUCTOR PASSING NORMAL TO AND THROUGH THE
PLANE OF THE PAPER., WHEN A CURRENT 1S PASSED THROUGH THE CONDUCTOR A PICTURE
A5 BHOWN BELOW CAN BE PRDDUGEP:

Fre.2

(a) A STUDY OF THE ABOVE PICTURES REVEALS SEVERAL FACTS. |IN THE CASE OF THE BAR
- MAGNET THE IRON FILINGS HAVE BEEN SUBJEGTED TO A FORCE THAT HAS MECHANIGALLY
ORIENTED THEM TO FORM A DEFINITE PATTERN, THIS PATTERN SHOws LINES ALONG WHICH
THE FILINGS LIE AND THESE LINES ARE TERMED "LINES OF FORGe™, IT wiLL Be noteED
THAT THERE 1S A CONGENTRAT|ON QF LINES AT THE ENDS OF THE MAGNET THIS
CONCENTRATION BEING AN INDICATION THAT THE MAGNETIG FIELD 1S DENSER AND HENGE
STRONGER, |IN THAT AREZA,

(8) VERY NEAR THE Enps of THE MAGNET ARE TWO POINTS (AS SHOWN) wHicn ARE THE FOCI
OF THE EMANATING PATTERN. THESE POINTS ARE THE "POLES" OF THe MAGNET, ALTHOUGH
FOR MANY PRACTICAL PURPOSES THE ENDS OF THE MAGNET MAY BE ASSUMED TO BE I1Ts
POLES,
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2.1.5

(e)

(p)

(a)

()

(o)

(a)

()

(¢)

A FURTHER POINT TO BE OBSERVED 1S THAT EACH AND EVERY LINE OF FORCE I8
CONTINUOUS FROM POLE TO POLE - THOSE PASSING BEYOND THE FRAME OF THE
ILLUSTRATION SHOULDALSO BE FOUND TO BE CONTINUOUS = AND THROUGH THE SUBSTANCE

OF THE MAGNET.

IN THE CASE OF THE FIELD DUE TO THE ELECTRIC CURRENT SiMILARITIES TO THE BAR
MAGNET FIELD ARE OBSERVABLE. THE LINES OF FORCE APPEAR AGAIN, THEY ARE MORE
CONCENTRATED NEAR THE CONDUCTOR, HAVE A CIRCULAR PATTERN AND AGAIN ARE CONTINUOUS.
AS THE FIELD IS CIRCULAR, NO POLES APPEAR,

iT was STATED IN 2,7.3(A) THAT ".... THE IRON FILINGS HAVE BEEN SUBJEGCTED TO A
FORGE THAT HAS MECHANICALLY ORIENTED THEM se.o™ AND IN 2.1.2(A) ".u. A MAGNETIC
FIELD CAN PRODUCE A FORCE ONLY IF JT HAS ANOTHER MAGNETIC FIELD WITH WHICH IT
CAN REACT"., 08VIOUSLY THEN THE IRON FILINGS MUST THEMSELVES HAVE PRODUCED THE!R
OWN MAGNETIC FIELDS TO REACT WITH THAT OF THE MAGNET = OR THAT OF THE ELECTRIC

CURRENT.

As THE FILINGS HAVE PRODUCED A MAGNET!O FIELD THEY HAVE BECOME MAGNETS; IN FACT
A SUBSTANCE WHICH, WHEN INFLUENCED BY A MAGNETIC FIELD BECOMES A MAGNET, IS A
"MAGNET!C MATERIAL" THAT 18, IT CAN BE "MAGNET!2ED",

SEVERAL SUBSTANCES EXHIBIT MAGNETIC PROPERTIES BUT IRON AND MOST OF JTS ALLOYS
EXHIBIT SUCH PROFOUND PROPERTIES THAT THEY ARE CLASSIFIED IN A CLASS OF THEIR OWN
KNOWN AS "FERRO=-MAGNETIC" SUBSTANCES., THERE IS A WIDE VARIATION OF PROPERTIES
WITHIN THE GROUP RANGING FROM THE EXTREMELY "SOFT™ MAGNETICALLY, TO THE EXTREMELY
"HARD"., A SOFT MAGNETIC MATERIAL |S ONE THAT 1S HIGHLY SUSCEPTIBLE TO EVEN A
COMPARATIVELY WEAK MAGNETIC FIELD, WHILST A MAGNETICALLY "HARD® MATERI'AL HAS A
LOW DEGREE OF SUSCEPTABIL!ITY. CONVERSELY, A MAGNET!CALLY SOFT MATERIAL WILL TEND
TO LOSE MEARLY ALL OF ITS MAGNETISM WHEN THE MAGNET!ZING FORCE IS REMOVED WHEREAS
A HARD MATERIAL WILL NOT, [T 1S OF THIS HARD MATERIAL THAT PERMANENT MAGNETS ARE
MADE. EXAMPLES OF MAGNETICALLY HARD MATERIALS ARE TUNGSTEN, CHROME AND COBALT
MAGNET STEELS, CAST STEEL, ALUMINIUM ~ GOBALT — NICKEL - IRON ALLOYS (ALNICO,
ALCOMAN) AND OF SOFT MATERIALS, PERMALLOY, NUMETAL, 50% COBALT 1RON, 40% NICKEL
IRON AND SOFT 1RON.

REVERTING TO PARAGRAPH 2,1.2 IT WAS STATED THAT'REACTING MAGNETIC FIELDS CAN
PRODUCE A FORCE EITHER OF ATTRACTION OR OF REPULSION.

IF THE MATERIALS USED TO OBTAIN F1Gi1 ARE SUPPLEMENTED WITH A SECOND BAR MAGNET
IDENTICAL WITH THE FIRST, THE FOLLOW!ING
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ASSUMING THAT THE PATTEAN OF F1G.3 WAS OBTAINED ON THE FIRST POSITIONING OF THE
MAGNETS THEN BY TURNING ONE OF THE MAGNETS END FOR END, THE PATTERN OF F1G.4 wouLD
APPEAR, AND VIGE VERSA. £S5 ONLY ONE MAGNET WAS TURNED IT GAN BE {NFERRED THAT THE
TWO POLES OF A MAGNET HAVE DI FFERENT CHARACTERISTICSs THIS 1S SO AND THE POLES OF
ANY MAGNET ARE CALLED NORTH AND SOUTH RESPECTIVELY - GENERALLY ABBREVIATED TO N
AND S. (THE RELATIONSHIP BETWEEN TH!S TERMINOLOGY AND GEOGRAPHIGAL NORTH AND
SOUTH WILL BE SHOWN IN PARAGRAPH 2,2,) [T 1S ASSUMED FOR CONVENTION, THAT LINES
OF FORCE ARISE ON A NORTH POLE AND TERMINATE ON A SOUTH POLE. THE PATTERN OF F1G.3
WILL BE OBTAINED IF LIKE POLES OF THE MAGNETS ARE IN PROXIMITY, 1.E. If BOTH LEFT
HAND POLES ARE N ~ OR 80TH S. |F UNLIKE POLES ARE IN PROXIMITY, ONE LEFT HAND
POLE AN N ANDONE AN S, THEN THE PATTERN OF F1G.4 WILL OBTAIN,
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AS STATED EARLIER, EACH AND EVERY LINE OF FORCE IS CONTINUOUS AND [T CAN BE
SEEN FROM F1GS.3 AND 4 THAT THIS STILL OCCURS 8UT [N THESE CASES THE PATTERNS

OF THE LINES HAVE CHANGED,

IN F1Ge3 THE LINES OF FORCE DUE TO EACH MAGNET SHOW CLEARLY BUT IN THE AREA
BETWEEN THE MAGNETS AND IN THE EXTENSION TO LEFT AND RIGHT OfF TH!S AREA THE
PATTERN IS FLATTENED AS !F THE FIELDS WERE I{N COMPRESSION AND PUSHING AGAINST
EACH OTHER., |T WILL BE FOUND THAT THE FIELDS ARE ACTUALLY REPELLING EAGH OTHER
AND IN THE GASE OF STRONG PERMANENT MAGNETS, WITH QUITE CONSIDERABLE FORCE.

THE CLOSER THE MAGNETS THE GREATER WiLL THIS FORCE BE,

IN F1Ge4 THE LINES OF FORCE SHOW A QUITE DIFFERENT PATTERN. I|N THE SAME AREA
AS NOTED ABOVE THE PATTERN !S INTERWOVEN AS IF THE FIELDS WERE IN TENSION

AND PULLING TOWARDS EACH OTHER, WHICH }N FACT THEY. ARE. IN THE CASE OF STRCNG
MAGNETS THIS FORCE OF ATTRACTION IS CONSIDERABLE AND AGAIN, INCREASES WITH
DECREASING DISTANCE APART.

FROM THE FOREGOING IT 1S READILY DEDUCED THAT LIKE POLES REPEL AND UNLIKE
POLES ATTRACT.

MAGNETIC FIELDS DUE TO ELECTRIC CURRENTS EXHIBIT EXACTLY THE SAME PROPERTIES OF
REPULS{ON AND ATTRACTION AS THOSE OF BAR MAGNETS.

TO EXPLAIN HOW THE IRON FILINGS OF PARAGRAPH 2,1,4 HAVE BECOME MAGNETS, THE
"MOLECULAR THEORY "‘OF MAGNETISATION" |S CONVENIENTe THIS THEORY ASSUMES A
MAGNETIGC MATERIAL IS MADE UP OF "MOLECULESM™ THAT ARE THEMSELVES MINUTE PERMANENT
MAGNETS WITH N AND S POLES, IN THE UNMAGNET!ISED STATE IT IS ASSUMED THAT THE
MOLECULAR MAGNETS ARE SO ORIENTED THAT THEIR N AND S POLES, BY ATTRATION, FORW
CLOSED LOOPS AND HENCE PRODUCE NO EXTERNAL MAGNETIC FIELD. SEE F1G.5.

(: 5 i} ‘ Kf %3 )3 é“:s N 5:\ K? f}
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F1G.5

HOWEVER, WHEN SUBUECT TO THE INFLUENCE OF A MAGNETIC FIELD, THE MOLEGULAR
MAGNETS, BY ATTRACTION OF THE INFLUENGCING FIELD, RE=ORIENT THEMSELVES ALONG THE
LINES OF FORCE OF THAT FIELD., AT THE SURFACE OF THE SUBSTANCE, ADJACENT TO THE
{NFLUENCING FIELD WILL APPEAR A POLE OF OPPOSITE POLARITY TO THAT OF THE
INFLUENC!NG F!ELD. HENGE ATTRACTION WILL OCCUR, AT THE OPPOSITE SURFAGE OF THE
SUBSTANCE A POLE OF LIKE POLARITY TO THAT OF THE INFLUENGING FIELD WILL APPEAR,
THE SUBSTANGE 1S NOW A MAGNET, WITH POLES AND {TS OWN EXTERNAL MAGNETIC F1ELD,
DUE TO THESE POLES., St F1&.6.

F1G.6



2.1.7

3.1 PRELIMINARY

3.1.1

3.1.2

(c)

(a)

(8)

(o)

(a)

(s)
(c)
(a)

(8)

()

SIMILARLY EACH IRON FILING HAS BECOME A SMALL MAGNET, ALIGNED WITH THE

DI RECTION OF THE INFLUENCING FIELD {MN ITS VICINITY. THE MOLEGULAR THEORY

1S SUPPORTED BY THE FACT THAT IF A BAR MAGNET IS CUT INTO SMALLER AND SMALLER-
PIECES EACH PIECE WILL BE FOUND TO BE A COMPLETE MAGNET. CONVERSELY IF
ADDITIONAL BARS OF IRON ARE PLACED AS SHOWN DOTTED IN F!G.S, THEY WILL ALSO BE
FOUND TO BE MAGNETS.

SUMMARI ZI NG

MAGNETISM CAN PRODUCE A MAGNETIC FIELD IN SPACE., MAGNETIC FIELDS INTERACT AND
IN SO DOING G!VE RISE TO A MECHANICAL FORGCE THAT HAS MAGNITUDE, DIRECTION AND
SENSE., |F THE SENSE OF THE FORCE 1S SUCH THAT THE FIELDS TEND TO BE DRAWN
TOGETHER A FORGE OF ATTRACTION 1S SAID TO EX!ST WHILST IF THE FIELDS TEND TO BE
PUSHED APART A FORCE OF REPULSION OCCURS. :

MAGNETIGC FIELDS EMANATE FROM MAGNETS AND ELECTRIC CURRENTS. A BAR MAGNET HAS
AT ONE END A NORTH POLE AND AT THE OTHER A SOUTH POLE., LINES OF FORGE ARE
ASSUMED TO ARISE FROM A N POLE AND TERMINATE ON A 5 POLE AND ARE ALWAYS
GONTINUOUS. LIKE POLES REPEL AND UNLIKE POLES ATTRACT.

FERROUS SUBSTANGES ARE MAGNETIC. SOFT MAGNETIGC SUBSTANGES MAGNETIZE AND
DEMAGNET! ZE EASILY, HARD MAGMNET!C MATERIALS DO NOT.

THE MOLECULAR THEORY OF MAGNET! ZATION SUGGESTS THAT MAGNETIC SUBSTANCES CONTAINM
NUMEROUS MINUTE MOLEGULAR MAGNETS THAT ARE ALIGNED BY A MAGNETIZING FIELD TO
PRODUGE POLES, AND CONSEQUENTLY AN EXTERNAL FIELDs

3. PRINCIPLES OF COMPENSATION

In AN AREA WHERE THE ONLY MAGNETIC DIRECTIVE FORCE AGTING IS THE EARTH'S FIELD,
A COMPASS NEEDLE WILL ALIGN WITH THE MAGNETIC MERIDIAN AT THAT PLACE.

| ¥, HOWEVER, THE EARTH'S FIELD HAS BEEN DISTORTED AS ALMOST INVARIABLY IT WILL BE
BOTH IN AND IN THE NEAR VIGINITY OF, AN AIRCRAFT, THEN A COMPASS NEEDLE IN THE
AIRCRAFT WILL ALIGN WITH A RESULTANT DIREGTIVE FORCE.

CoMpASS GCOMPENSATION IS AIMED AT PRODUGCING, AT THE COMPASS, A RESULTANT DIREGTIVE
FORCE WHOSE DIREGTION IS AS NEARLY AS PRACTICABLE THE SAME AS THAT OF THE MAGNETIC
MERIDIAN QUTSIDE THE AIRCRAFTe =

As NOTED ABOVE COMPASS COMPENSATION 1S THE APPLICATION OF FORGES. ALTHOUGH THESE
FORGCES ARE DUE TO MAGNETISM CERTAIN FACTS REGARDING FORCE ITSELF NEED APPREGC!ATION.

A FORCE 1S COMPLETELY DEFINED BY ITS MAGNITUDE, DIRECTION,SENSE AND POINT OF
APPLICATION. FURTHERMORE A FORCE CAN BE RESOLVED INTO A NUMBER OF OTHER FORCES
OF SUGH MAGNITUDES AND DIRECTIONS THAT THEIR OVERALL AND FINAL EFFECT 1S5 THE SAME
AS THAT OF THE ORIGINAL SINGLE FORGE.

FOR EXAMPLE, IF A FORGE AB AS SHOWN BY THE VEGTOR IN F1G.7 18 REFERRED TO THE THREE
MUTUALLY PERPENDICULAR AXES, [T CAN BE RESOLVED INTO THE SEPARATE FORCES AX, AY
AND AL ACTING AT A RIGHT ANGLE TO EACH DTHER.
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(a)

(8)

(c)

(p)

Ry

-
—

Fic.?7

IN AN AIRCRAFT THE RESULTANT DIRECTIVE FORGE AT THE COMPASS POSITION IS DUE
70 (A) THE EARTH'S MAGNETIC FIELD, AND (B) MAGNETISM WITHIN THE Al RCRAFTe
THE AIRCRAFT MAGNETISM CAN BE CLASSIFIED AS MHARD IRON'" OR "PERMANENT®;
"SOFT IRON" OR "TEMPORARY"™ AND "SuUB-PERMANENT"Y,

HARD I RON MAGNETISM REFERS TO MAGNETICALLY HARD MATERI ALS, THAT 1S, THOSE
MATERI ALS WHICH ARE NOT EAS!LY MAGNETIZED BUT WHICH CONVERSELY ARE NOT READILY
DEMAGNET I ZEDs EXAMPLES OF MAGNETICALLY HARD MATERIALS ARE CAST STEEL AND MANY
ALLOY STEELS, IT MAY BE NOTED HERE THAT MAGNETISM DUE TO ELECTRIC CURRENT

MAY BE CLASSIFIED AS HARD |RON, HOWEVER, BY OBSERVING COMPARATIVELY SIMPLE
PRECAUTIONS INTERFERENCE TO COMPASSES BY ELEGTRIC CURRENTS WILL NOT OCCUR.

SOFT 1RON MAGNET!SM REFERS TO MAGNET]CALLY SOFT MATERI ALS, THAT 1S, THOSE THAT
ARE VERY EASILY MAGNET]ZED AND DEMAGNETIZED. THE POLARITY AND STRENGTH OF A _
SOFT 1 RON MAGNET !S DEPENDENT ON THE DIRECTION AND STRENGTH RESPECTIVELY, OF
THE MAGNETIZING FORCE,.

SuB~PERMAMENT MAGNETISM REFERS TO MATERIALS THAT CANNOT BE CLASSIFIED AS EITHER
HARD OR SOFT. THEY CAN BECOME MAGNETIZED BY VIBRATION WITHIN A MAGNETIC FIELD
SUCH AS BEING FLOWN ON A CONSTANT HEADING FOR A LENGTHY PERIOD, THEIR MAGNET!SM
WiLL DISAPPEAR WITH THE PASSAGE OF TIMEs AS SUCH MAGNETISM IS UNPREDICTABLE IT
WiLL NOT BE STUDIED FURTHERe HOWEVER, IT SHOULD BE BORNE IN MIND THAT CHANGES
OF COMPASS DEVIATION DURING FLIGHT CAN BE DUE TO SUB=PERMANENT MAGNETI SMe

2 ANALYSIS OF THE EARTH's DIRECTIVE FORCE

3e201

(»)

()

(¢)

ReEFERRING TO F1G.7, IF THE VECTOR AB REPRESENTS THE TOTAL DIRECTIVE FORGCE DUE
ONLY TO THE EARTH'S MAGNETIC FIELD AT A POINT, THEN THIS FORCE HAS BEEN RESOLVZD
INTO THREE FORGES, AZ ACTING IN A VERTICAL PLANE, AND AX AND AY ACTING IN THE
HOR§ ZONTAL PLANE. THE RESULTANT OF AX AND AY 1Is ﬂﬂ AND IT IS THIS RESULTANT
FORCE WHICH ACTS ON A COMPASS NEEDLE TO GIVE DIRECTION IN THE HOR} ZONTAL PLANE,

THE COMPASS NEEDLE W!LL ALIGN WITH THIS RESULTANT AND THUS BE ALIGNED WITH THE
MAGNETIC MERIDI AN, THAT IS, THE NORTH SEEKING (RED) POLE OF THE COMPASS NEEDLE

WILL POINT TO MAGNETIC [NORTH.

FORcE AZ 0BVIOUSLY DOES NOT AFFECT THE DI RECTION OF THE HORI20ONTAL COMPASS
NEEDLE AS THIS FORCE ACTS IN A VERT!CAL PLANE.
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3,2.2 (A) LET THE THREE RESOLVED FORGES OF THE EARTH'S TOTAL DI REGTIVE FORCE BE X, Y
AND 2, AND BE RELATED TO AN AlRCRAFT BY THE FOLLOWING GCONVENT|ON:

X - ACTING TOWARDS THE AIRCRAFT HEAD, THE SENSE BEING THEN POSITIVE}
Y - AGTING TO STARBOARD, TKHE SENSE THEN BEING POS!TIVE;

7 - ACTING VERTICALLY AND | F DOWNWARDS BEING THEN OF POSITIVE SENSE.

(8) F1G.7 GAN THEN BE REDRAWN AS SHOWN BELOW:

F16.8

(c) IN Fies8, FORCE Z IS SHOWN ACTING UPWARDS. THIS IS BEGAUSE IN THE SOUTHERN
HEM1 SPHERE THE ANGLE OF DIP OF THE EARTH'S FIELD 1S SUCH THAT THE NORTH SEEKING
(RED) POLE OF THE COMPASS NEEDLE 1S BEfNG SUBJEGTED TO A FORCE AGTING UPWARDS FROM
THE HORI ZONTAL, HENCE. THZ SENSE OF Z 1S NEGATIVE IN SOUTHERN LATITUDES. .

-3s2.3  THE EFFECT OF FORCE Z 1S SUCH THAT |T WOULD, UNLESS COUNTERACTED, CAUSE THE COMPASS
NEEDLE TO BE INGLINED AT AN ANGLE TO THE HORIZONTAL (THIS EFFEGT IS OF GOURSE ZERO AT THE
MAGNETIC EQUATOR AND MAXiMUM AT THE MAGNETIC POLES). TO GCOUNTERAGT FORCE Z, THE GCOMPASS
NEEDLE AND ITS ATTACHED CARD ETC. ARE PIVOTED VERTICALLY ABOVE THEIR RESULTANT C. OF G.
HENCE AS THE NEEDLE SYSTEM TENDS TO BECOME INGLINED TO THE HORIZONTAL DUE TO 2, ITS
C. OF Go LINE TO THE PIVOT MOVES AWAY FROM THE VERTICAL AND GRAYVITATIONAL FORCE EXERTS A
RESTORING CQUPLE. TH!S ARRANGEMENT ALLOWS THE SYSTEM TO REMAIN NEARLY HORI ZONTAL UP TO
LATITUDE 70°N OR S, APPROXIMATELY.

3.3  ANALYSIS OF AIRCRAFT PERMANENT MAGNETI SM

3301 REFERRING TO THE A1 RCRAFT PERMANENT MAGNETISM NOTED IN PARAGRAPH 3.1.3 IT SHOULD BE
d BORNE IN MIND THAT THIS MAGNETISM IS FAIRLY CONSTANT REGARDLESS OF Al RCRAFT HEADING,
POSITION, ETCs THE RESULTANT FORCE OF THE PERMANENT MAGNETISM CAN ALSO BE RESOLVED IMTO
THREE COMPONENT FOROES ACTING AS SHOWN N F1G.9.



F1G.9

- ACTING FORE AND AFT AND POSITIVE IF FORWARDe

- ACTING ATHWARTHSHIPS AND POSITIVYE IF TO STARBOARD.

D O T©

- ACTING VERTICALLY AND POSITIVE )F DOWNWARDS.

3.3,2 THE MAGNETIGC FORCES SO FAR CONSIDERED ACTING AT THE COMPASS POSITION CAN BE
CONVENIENTLY COMBINED?

HORI ZONTAL FORGCES

+X; #P -  ACTING FORWARD,

+Y; HQ =  ACTING TO STARBOARD,

VERT1CAL FORGCES

+7; R = ACTING DOWNWARDS,

3.4 ANALYBIS OF "SoFT |RON" (TEMPORARY) MAGNETISM

3,4e1 (A) IT wAS STATED IN PARAGRAPH 3.1.3 THAT "SOFT 1RON" MAGNETISM 1S ASSOCIATED WITH
MATERIALS THAT ARE EASILY MAGNETIZ2ED, HENCE, SOFT |RON MATERIAL IN AN AIRCRAFT WILL
BECOME MAGNET! ZED BY THE INFLUENCES OF MAGNETIC FIELDS SURROUNDING IT. THE MOST
IMPORTANT OF THESE FI1ELDS 1S THAT OF THE EARTH.

(B) THE VARIOUSLY DISPOSED ITEMS OF SOFT IRON IN AN AIRCRAFT WILL, UNDER THE
INFLUENCE OF THE EARTH'S MAGNETIC FIELD, BECOME TEMPORARY MAGNETS. THEIR
POLARITIES WILL DEPEND ON THEIR SHAPES AND THEIR OR!ENTATION IN THE EARTH'S
FIELD. THEJR STRENGTHS WILL DEPEND ON THEIR MAGNETIC CHARACTERISTICS AND THE
STRENGTH OF THE EARTH'S FIELD. AS THESE MAGNETS ARE SOFT |RON AND THUS EASILY
MAGNET ) ZED AND DEMAGNET) ZED, THEIR POLARITI!ES AND STRENGTHS WILL CHANGE WITH

" CHANGES OF THE AIRCRAFT's HEADING, ATTITUDE AND POSITION.

- 344v2 (A) THE THREE RESOLVED GOMPONENTS OF THE EARTH'S FIELD, X, Y AND 2 WILL EACH GAUSE
MAGNET!ZING OF SOFT IRON COMPONENTS., COMPONENT X, FOR INSTANCE, WILL MAGNETI ZE
SOFT 1RON MATERIALS WHICH WILL THEN PRODUCE A RESULTANT FIELD FROM THEIR
MAGNET I SM.

(B) THE RESULTANT FORCE OF THIS FIELD CAN BE RESOLVED INTO THREE COMPONENTS AS
BEFORE — ONE ACTING VERTICALLY, ONE ACTING FORE AND AFT HOR!ZONTALLY AND ONE
ACTING HORIZONTALLY ATHWARTSHIPS. AS THE STRENGTHS OF THESE COMPONENTS 1S A
FUNCT!ION OF THAT GOMPONENT OF THE EARTH'S FIZLD THAT INDUCED THE SOFT IRON
MAGNETISM THE RESOLVED SOFT IRON FORCE 1S ALWAYS IDENTI!FIED W!TH THAT COMPCNENT
OF THE EARTH'S FIELD THAT INDUCED IT,



(c) SIMILARLY, COMPONEMTS Y AND Z OF THE EARTH'S FIELD WILL GAUSE EACH THREE MORE
RESOLVED SOFT 1 RON COMPONENTS GIVING A TOTAL OF NINE. BY CONVENTION THE SOFT
IRON COMPONENTS ARE:

Due To HoRIzONTAL (X AND Y) COMPONENTS OF EARTH'S FIELD =
+ AX i ACTING FORWARD.
+ pX : ACTING TO STARBOARD,
+ GX 1 ACTING DOWNWARDS.
+ BY : ACTING FORWARD.
+ EY : ACTING TO STARBOARD,
+ HY : ACTING DOWNWARDS,
Due To VerTicAL (Z) TOMPONENT OF EARTH'S FIELD ~
+ ¢l i ACTING FORWARD,
+ FZ : ACTING TO STARBOARD,
+ KZ : ACTING DOWNWARDS,

(D) FOR CONVENIENGE THE 9 COMPONENTS CAN BE CONSIDERED AS BEING DUE TO 9 SOFT IRON
WRODS" HAVING LENGTH BUT NEGLIGIBLE AREA, THE RODS ARE THUS CAPABLE OF BEING
MAGNET| ZED LONGI TUDINALLY ONLY,

3.4.3 (a) AssuMING THAT X', Y' AND Z' REPRESENT RESPEGTIVELY THE TOTAL IM=LINE MAGNETIC

FORCES FORE AND AFT HOR1ZONTAL, ATHWARTHSHIPS HORIZONTAL, AND VERTICAL IN AN
AIRCRAFT, THEN:

EaRTH HARD.IRON Sorr IRON
X! = X .ot P + AX + BY + ol
YA = \4 * Q < DX + EY + FZ
Pl = 2 + R + GX + HY + xZ

(8) Or THE ABOVE FORCES, THOSE DUE TO THE EARTH'S FIELD ARE DIRECTIVE FORGES, WHILST
THOSE DUE TO HARD AND SOFT 1RON MAGNETISM ARE DEVIATING FORCES. THE PRIME CONGERN
OF COMPASS COMPENSATIOM 1S DEALING WITH THE DEVIATING FORCES.

(c) As ONLY THOSE DEVIATING FORGES ACTING IN THE HORI ZONTAL PLANE GIVE DIRECTIONAL
EFFECTS ON THE GCOMPASS, (1aE. DEVIATIONS), THEN THOSE FORCES AGTING ONLY IN THE
VERTICAL PLANE NEED NOT BE CONSIDERED IN A STUDY OF DEV!IATIONS.

(D) THE HORIZONTAL DEVIATING FORCES CAN CONVENfENTLY BE GROUPED ON THE BASIS OF THEIR
SIMILAR EFFECTS ON THE COMPASS, AS FOLLOWS: sy

(1) P anp cZ,
(11) Q anp 2.
(111)  AX anp €Y.

(1rv) BY anp DX.
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i3

EfFFecTs oF DEIVATING FORCES ON THE CompAss NEEDLE

3-501

3.5.2

(a)

(8)

IN STUDYING THE EFFECTS OF THE VARIOUS FORCES ACTING ON THE COMPASS NEEDLE 1T IS
CONVENIENT TO POSTULATE AN ™I SOLATED POLE" THAT IS, A MAGNETIC POLE THAT 18

PURELY NORTH (BLUE) wITH NO ATTACHED SouTH (ReD), AND VICE VERSA. AN 1SOLATED NORTH
POLE WILL BE ATTRACTIVE TO THE NORTH sEekiING (RED) END OF THE COMPASS NEEDLE WHILST
CONVERSELY AN ISOLATED SOUTH POLE WILL REPEL THE NORTH SEEKING END OF THE

COMPASS NEEDLE., |T SHOULD BE NOTED THAT THE NORTH SEEKING END OF A COMPASS

NEEDLE 1S KNOWN BY CONVENTION AS THE RED ENDe

To DIFFERENTIATE BETWEEN ISOLATED POLES DUE TO HARD IRON AND THOSE DUE TO
SOFT IRON, SUCH POLES wiLL BE SHOWN AS O FOR HARD IRON AND [ ) FOR SOFT IRON.

ErFect oF CoMPONENT P

(a)

ASSUMING THAT P IS +VE THEN ITS EFFEGT IS THAT OF aN 1S0LATED (B) POLE FORWARD
OF THE COMPASS AND ON THE FORE AND AFT' LINE. THE DEVIATING EFFECT OF +P
THROUGH THE CARDINALS AND QUADRANTALS WiLL BE AS SHOWN IN F1G.10.

F16.10



(8)

(e)

(o)

(g)

(¢)

| &

On 000° anp 1808 HEADINGS THE EFFECT OF +P, DEVI ATIONWISE, 1S 2ERO, WHILST
on 090" aND 2707 IT IS MAXIMUM WITH INTERMEDIATE VALUES ON JHE QUADRANTALS.
THE DEVIATION 1S OF COURSE DUE TO THE ATTRAGTIVE FORGE OF (B) uPon THE NORTH

SEEKING END OF THE COMPASS NEEDLE,

on 000% anp 180°, CTS IN LINE WiTH THE MERIDIAN AIDING THE EARTH'S
DIRECTIVE FORGE ON OO0  AND OPPOSING IT ON 160,

On EASTERLY HEADINGS, *P HAS, BY ATTRACTING THE COMPASS NEEDLE TO THE EAST OF
THE MERIDIAN, CAUSED THE COMPASS TO READ LOW AND THUS GiVEN EASTERLY (OR
POSIT!VE) DEVIATION. ON WESTERLY HEADINGS +P HAS ATTRACTED THE NEEDLE TO THE
WEST OF THE MERIDI AN THEREBY CAUSING WESTERLY (OR NEGATIVE) DEVIATION,

HAD THE HARD |RON MAGNETISM BEEN SUCH THAT —P OBTAINED, THIS WOULD BE EQUIVALENT
TO AN ISOLATED ‘ POLE AFT OF THE COMPASS AND UNDER THIS CONDITION THE DEViIAT}ONS
wouLD BE WESTERLY (~) ON EASTERLY HEADINGS AND EASTERLY (+) ON WESTERLY HEADINGS.

GRAPHS OF THE DEVIATIONS DUE TO +P AND ~P ARE sHown IN F1Gs.11(A) anp 11(8)
RESPEGT! VELY.

+ P -P
- + - +
000 000
090 — -~ 090
180° 180
—_— 270 270 ——
360 360
Fige11(a) Fie.11(s)

IT witL BE NOTED THAT THE DEVIATION GURVES ARE SINUSOIDAL IN FORM,

3.5¢3 Errect oF CompONENT €2

(a)

()

IT WILL BE REGALLED THAT GZ I8 THAT COMPONENT OF THE AIRORAFT'S BOFT 1RON MAGNET!S8M
INDUCED BY THE VERTICAL COMPONENT, 2, OF THE EARTH'S FIELD, AND ACTING ALONG THE
FORE AND AFT HORI ZONTAL LINE. c2 1S POSITIVE IF IT 18 EQUIVALENT TO AN ISOLATED
POLE FORWARD AND AN I1SOLATED |[R] POLE AFT, OF THE COMPASS. IF THESE [B] AND
POLES ARE REVERSED IN POSITION THEN GZ WilL BE NEGATIVE.

A LITTLE CONSIDERATION WILL SHOW THAT THE DEVIATING EFFEOT OF + 0Z wiLL BE SIMILAR
TO +P AND ~¢Z T0 =P. IF cZ AND P ARE OF THE SAME SIGN THEIR EFFEOCTS WILL BE
ADDITIVE, WHEREAS IF THEY ARE OF DI FFERENT S1GN, THEIR EFFECT8 WILL BE BUBTRACTI VE.
THIS 18 SHOWN GRAPHICALLY IN Fies.12(a) anp 12(8).



3564

3.5.5

(a)

(s)

(c)

(p)

(a)

(8)

g

000

L

s emseee]
1

.
-
T

\v' 360

Fre.12(a) Fie.12(8)

+
AGAIN IT WILL BE NOTED THAT THE DEVIATION CURVES OF CZ AND OF P = ¢Z ARE
SINUSOIDAL.

REFERRING TO THE SINUSOIDAL CURVES OBTAINED IN THE GRAPHS OF P AND ¢Z, THE .
SINE OF ANY ANGLE IT WILL BE RECALLED, VARIES FROM A MINLMUM VALUE OF 0 aT O,
TO A MAXIMuM OF 1 AT 907, TO A MINIMUM OF O AGAIN AT 1807, A MAXIMUM AGAIN

oF =1 at 270° anp O aeain at 360° (000°). -

COMPARING THE GURVES OF +6Z + P IN F1G.72(A) aND =cZ + P IN Fi1G.12(8), 1T caN
BE SEEN THAT ALTHOUGH BOTH GURVES ARE OF IDENTIGAL FORM, THEIR MAGNITUDES ARE

DI FFERENT. |F FOR EXAMPLE THE RESULTANT DEYIATION ON MAGNETLC HEADING 090" IN
FiGe12(a) 1s +5°, 8uT IN F1G.12(8) IT 1s +3° THEN, AS SgN 90° 1s ApwAYs 1, TO

OBTAIN A VALUE OF +5~ IN F1G.12(A) THE DEVIATION ON 090" MusT BE 5° sIN 90 .
THAT 1S, TO OBTAIN, IN DEGREES, THE ACTUAL DEVIATION ON ANY HEADING, GAUSED BY
P AND cZ, THE SINE OF THE HEADING ANGLE 1S MULTIPLIED BY SOME FIGURE.

TH1s FIGURE 1S THUS A COEFFICIENT AND IN THE GASE OF P AND GZ THE COEFFIGLENT
1S, TO MAKE IT GENERAL, NOMINATED, B. TH!S COEFFIGCIENT B HAS A VALUE GOVERNED
BY THE MAGNETIC STRENGTHS AND SIGNS OF P AND G AND REPRESENTS THE MAXIMUM
DEVIATION THESE FORCES PRODUCE. N _F1G.12(A) COEFFIGIENT B HAs 4 VALUE OF +5
WHILST IN F16.12(B) 1Ts VALUE 1s +3°. HAD THE DEV!ATIONS ON 090  BEEN NEGATIVE
OR WESTERLY IN F1G.12(a) aND 12(B), THEN THE COEFFICIENT WOULD HAVE ALSO BEEN
NEGATIVE. )

Oy MAGNET!IC HEADING 045° |n F1G.12(A) THE DEVIATION DUE 70 P AND ¢Z wiLL BE 50
SIN 457, =57 x 0.7 = 3,57, AND SO ON THROUGH OUT THE 360 DEGREES.

REFERRING BGAIN TO F66.12(A) IT WILL BE SEEN THAT THE DEVIATION oN 090° 15 +5°
BUT ON 270" IT 1s =5 . |F THE DEVIATION WAS DUE TO HARD IRON Errscrso(P) CNLY
THEN F1G.70 wiLL SHOW HOW THIS REVERSAL OF SIGN HAS OCCURRED., On 090~ THE

1 SOLATED POLE (B) 1S TO THE RIGHT, OR EAST OF THE RED POLE OF THE COMPASS NEEDLE
WHEREAS ON 270 IS TO THE LEFT, OR WEST OF THE NEEDLE. HENCE THE DIRECTION,

AND THEREFORE THE SIGNyOF THE DEVIATION HAS CHANGED ON 2707,

REMEMBER ALSO THAT SIN 270° = -1. THE EFFSCT OF P + ¢Z HAS THE SAME REACTION
ON THE COMPASS NEEDLE WHEN THE RESULTANT GIVES AN ISOLATED BLUE POLE FORWARD,
TO CALCULATE cosrrucnens B, OBTAIN THE DEVIATION ON OS0~ ADD IT ALGEBRAICALLY
TO THE DEVIATION ON 270" W)TH THE SIGN OF THE LATTER DEVIATION GHANGED (SIN
270" = ~1) AND DIVIDE THE RESULT BY 2. HENGE -

CoEFFICIENT B = Dev. oN E ~ Dev. on W
2
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From Fiac.12(a) t COEFFIGIENT B +5° = (-59)
2

450 & 50 = +50°
2

THIS METHOD OF CALCULATING COEFFIGIENT B CANGELS OUT ANY EFFECT WHICH
COEFFICIENT A MAY HAVE HAD ON THE FIGURES GONGERNED.

NOTE THAT IN MeTHOD 2 OF PaRAGRAPH 1.7, BY REMOVING ALL B on EAST AND HALF OF
T on WEST THE SAME RESULT HAS BEEN ACHIEVED AS BY USING THE COEFFICIENT METHOD.

3.5.6 ErrecT OF ComponenT Q

(a) Assuming @ ts POSITIVE THEN ITS EFFEGT IS THAT OF AN ISOLATED (B) poLe TO
STARBOARD OF THE COMPASS. THE DEVIATING EFFECT OF +{ THROUGH THE CARDINALS

AND QUADRANTALS WILL BE AS SHOWN IN Fi1e.13.

f

F16.13
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3.5.12

3.5.13
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IF NOw THE EFFECT OF A 1S CORRECTED BY ROTATING THE COMPASS BOWL, THE EFFECT OF B
CORRECTED BY ADJUSTING THE E - W CORRECTOR, THE EFFECT OF C CORRECTED BY ADJUSTING
THE N - S CORRECTOR, THEN THE ONLY DEVIATING FORCES LEFT ARE THOSE DUE TO D AnD E,
AS THESE ARE NORMALLY NOT CORRECTED IN AN AIRCRAFT, THE FINAL DEVIATION CARD IN

THE AIRCRAFT 18 A RECORD OF THE DEVIATION PRESENT DUE TO D AND E. |F THE DEVIATION
DUE TO A, B AND C I3 REMOVED FROM F1G.15 THE FINAL DEVIATIONS PRESENT WILL BE A8

SHOWN IN FlGe16.

RESIDUAL DEVIATIONS
_:__:;)_;
(:f 090

270

180

e T

Fie. 16

IN CORRECTING FOR COEFFICIENTS B AND C BY ADJUSTING THE CORRECTOR MAGNETS, MAGNETIC
FIELDS HAYE BEEN INTRODUCED ACTING AT THE COMPASS POSITION, THE RESULTANT FORCE OF
THESE FIZLDS 18 SUCH THAT IT OPPOSES AND NEUTRALJ ZES THE DEVIATING FORCE THAT GAVE

RISE TO COEFFICIENTS B anD C.

() IF, FOLLOWING GORRECTION FOR GOEFFICTENTS A, B AND C, IT 1S FOUND THAT LARGE
RESIDUAL DEVIATIONS ARE PRESENT, THESE WILL BE DUE TO SORT !RON MAGNETISMe
ACTION WILL THEN HAVE TO BE TAKEN TO LOCATE THE OFFENDING MATERIAL AND

PREVENT IT FROM INFLUENCING THE COMPASS.
{8) CoerrFictents D AND E ARE GALGULATED THUS!
D = (Dev.NE — Dev.SE + Dev.SW — Dzv, N¥)
4
E = (DeveN = Dev.E + DeveS - Dev.¥)
i 4
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(8) On 000° AND 1 9 HEADINGS THE EFFECT OF +Q, DEVIATION-WISE 1S MAX!UUM,
WHILST ON 090~ aAND 270" 1T 1S 2ERO WITH INTERMED{ATE VALUES ON THE
QUADRANTALS, On NORTHERLY HEADINGS +Q WILL GIVE EASTERLY, OR POSITI VE =
DEVIATIONS WHILST ON SOUTHERLY HEADINGS IT wllLL GIVE WESTERLY, OR NEGATIVE
oNEs. A -C WOULD OF COURSE GIVE THE REVERSE OF THIS.

3.5,7 ErFect OoF COMPONENT F2

() 'F FZ 1s +, 1Ts EFFECT IS THAT OF AN ISOLATED[B] POLE TO STARBOARD OF THE COMPASS
AND THIS EFFECT WILL OBVIOUSLY BE SIMILAR TO +Q. Fie.14(a) anD 14(B) sHow
GRAPHICALLY THE EFFECTS OF *Q + FZ AND ~Q + FZ RESPECTIVELY.

- + - +
+Q
+Q +F2

090

R +F2

L

AJ$;§ 270
340 y

F1e.14(a) Fi6.14(8)

(B) THE DEVIATION GURVES IN THE ABOVE FIGURES ARE A FUNCTION OF THE COSINE OF THE
HEADING ANGLE AND THE ACTUAL VALUE, IN DEGREES, OF THE DEVIATION ON ANY
HEADING IS GIVEN IN THIS CASE (Q AND FZ) 8Y THE PRODUCT OF THE GOSINE OF THE

HEADI NG ANGLE AND A COEFFICIENT. TH!S GOEFFICIENT tS NOMINATED C. COEFFICIENT C
1S CALCULATED FROM:

CoerrFictent C = Dev.e oN N = Dev. on S
2

THI'S METHOD CANCELS OUT ANY COEFFICIENT A WHICH MAY HAVE BEEN PRESENT.

3.5.8 EFFecT or CoupONENTS AX AND EY

THE RESOLVED SOFT JRON COMPONENTS AX AND EY WILL GIVE RISE TO DEVIATIONS WHICH ARE
MAXIMUM ON QUADRANTAL AND ZERO ON CARDINAL HEADINGS. THE COEFFICIENT ASSOCIATED
WITH THIS MAGNETISM 1S CALLED COEFFICIENT p-

3.5.9 ErFfFecT or CompONENTS BY AND DX

(A) THESE COMPONENTS CAN GIVE RISE TO SOMEWHAT COMPLICATED DEVIATIONS IN THAT THEY
MAY CONSIST OF A PORTION THAT 1S CONSTANT ON ALL HEADINGS, AND A PORTION THAT
VARIES AS THE COSINE OF TWICE THE HEADING ANGLE. THE COEFFICIENT ASSOCIATED wITH
THE VARIABLE DEVIATION Is COEFFICIENT E AND THAT ASSOCIATED wiTH THE CONSTANT
PORTION Is COEFFICIENT A,

(8) HOWEVER, COEFFICIENT A MAY NOT ONLY BE DUE TO SOFT IRON MAGNETISM BUT ALSO TO
OTHER CAUSES SUCH AS THE COMPASS CARD BEING DISPLACED RELATIVE TO THE MAGNET
SYSTEM, INCORRECT ALIGNMENT OF THE COMPASS WITH THE FORE AND AFT AXIS OF THE

A1RCRAFT, CHANGE OF VARIATION SINCE CALIBRATION WHEN A COMPASS BASE 1S USED FOR
SWINGING.
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(¢) CocFFiciENT A DUE TO SOFT IRON MAGNETISM 18 KnOwN As "ReaL A", AND THAT DUE TO
OTHER CAUSES 1S CALLED MAPPARENT A", |n PRAGTIGE IT IS IMPOSSIBLE TO
DIFFERENT | ATE BETWEEN THE TWO AND GORRECTION 1S MADE FOR "COSFFICIENT Al

ITs VALUE 1S GALCULATED BY:

COEFFIGIENT A = % (Dev.N + DEU.NE)+ DEv.E + Dev,SE + Dev.S + DEV.SW +
Dev.W + Dev. NW

+A civEs EASTERLY OR + DEVIATION, WHILST —A &IVES WESTERLY OR — DEVIATION.

3.5,10 Comeinep EFFEcT OF DevIATING FORGES

{A) THE COMPONENTS OF THE VARIOUS DEVIATING FORCES CAN BE GROUPED AGCORDING TO THEIR
EFFECTS ON THE COMPASS NEEDLE AS —

(1) (1) 8Y anp DX oF form E cos 2 ©
(2) Y anp DX " "A

(11) P axp cZ oF FORM B sIn 8
(inr) Q@ anp FZ " * C cos ©
(1v) aX anp £Y OF roRM D 51N 2 8

WHERE B 1S THE COMPASS HMEADING ANGLE anp A, B, G, D anp E ARE THE GCOEFFICIENTS
REPRESENTING THE MAGNITUDES OF THE DEVIATIONS CAUSED BY THEIR ASSOGIATED COMPONENTS.

(8) THE COMBINED EFFECT OF THESE FORCES IS SHOWN GRAPHICALLY IN Fie.15(F). GrarHs
OF THE INDIVIDUAL DEVIATIONS sHown IN Fia.15(a), (8), (c), (p), (g) are cowsinep
in (F). FOR CONVENIENGE POSITIVE GOEFFICIENTS HAVE BEEN ASSUMED.

A +E
- + - - / -
090 4 =
)
270 7 .

(a) (8) (c) (D) (£)

Fie.15





