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The program material contained herein is supplied without
representation or warranty of any kind. Despite the extensive
checking and editing that preceded publication, the authors,
the ASEG, the publishers, or equipment manufacturers accep!
or assume no responsibility whatsoever and shall have no
liability, consequential or otherwise, for the use, performance
and results of these programs or for any actions tha! may

Jollow the usage of these programs. No claims whatsoever are

made or implied regarding the elegance or accuracy of the pro-
erams. Errors may come to light as the programs are used,
users should document any such errors and notify the ASEG
so that revisions can be made. The programs were designed as
a learning aid for the teaching and understanding of applied
magnetics. They are not intended to compete with
sophisticated large computer packages. However, they imay be
useful to practising professional field geophysicists in
preliminary analyses of magnetic data.
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Abstract

Handheld computer (HP 41C) algorithms are presented for
basic and advanced magnetic exploration models along prin-
cipal profiles. The thirteen models are: monopole, 2D line of
poles, sheet of poles, dipole, 2D line of dipoles, 2D horizontal
sheet of dipoles, 2D dipping thin sheet, 2D dipping thick sheet,
2D sloping step, 2D body with polygonal cross section, prolate
and oblate ellipsoids of revolution, 2D elliptic cylinder, ver-
tical rectangular prism. Key diagrams, program useage instruc-
tions, worked numerical example, program listing and register
contents are given for each model. Induction, remanence,
demagnetization and susceptibility anisotropy effects are
calculated. The vertical circular and annular cylinders are
treated for the cases of induction and remanence.

Preface

This is a presentation of magnetic computational techniques
for modelling residual or regional anomalies (but not for
separating them). It does not include a detailed theoretical
development. Its purpose is as a working compendium of
techniques primarily designed to teach and to impart some
understanding of the magnetic response of basic models—
mostly simple but geologically very important.

Magnetics has a vital place in all exploration, but often data
analysis comprises crude eyeballing or overinterpretation with
geologically and petrophysically unrealistic sophisticated com-
puter models. There is much to be said for a simple analytic
approach with remanence and other factors considered. These
programs endeavour to provide such an approach.

The total magnetic intensity (ABy) and vertical magnetic in-
tensity anomaly (AB.) anomalies are computed. A con-
siderable amount of B, data still exists even though total field
data acquisition is now virtually the norm. A diagram depic-
ting the nature of measured (AB,)), theoretical total (ABy), and
vertical (AB.) anomalies has been included as these concepts
appear to be very poorly understood.

For units, the authors have a perverse preference for the cgs
emu system as it is based on magnetostatic concepts ideally
suited to the problems arising in magnetic interpretation. If SI
units are used, factors of 47 crop up in the equations and it is
best to avoid this complication. However, all calculations can
be done in SI providing the correct conversion factors are
used. In the magnetic formulae distances can be in any units
provided they are consistent e.g. all in metres. The flux den-
sities (magnetic field strengths) AB and F must be in the same
units: gammas (1073 gauss, cgs) or nanoteslas (SI). The gamma
and nanotesla are numerically equivalent. The magnetic
volume susceptibility &k is a dimensionless ratio. It is the
magnetic moment generated per unit applied field divided by
the volume. The emu susceptibility must be inserted into the
equations presented herein. Accordingly SI susceptibilities
must be divided by 4x. Self demagnetization factors N are also
dimensionless, but the emu demagnetizing factor is 47 times
the SI value. Then 0 < Nemu<4w and 0< Nsy < 1. Pole strengths
are calculated in ‘pole units’ which are hybrid units involving
gammas and metres — their SI and emu relationship is not im-
portant because they are simply part of an internal computa-
tion. The magnitude or intensity of natural remanent
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magnetization is expressed in ‘gammas’ (y), so as to be consis-
tent with the induced magnetization. NRM intensities are
usually quoted in the literature in microgauss (emu) or
milliamp/metre (SI) which are numerically equivalent. One
‘gamma’ is equal to 10 microgauss. Southern hemisphere
magnetic field inclinations are negative (upward pointing).

As an example of the units consider MAGMOD I with a
monopole 20 m radius depth 100 m and resultant magnetiza-
tion vertically up:

Magnetization Pole Strength f.B.I. Anomaly
P = (J,.n) S caleulated
\'J ‘ R E e ey P P
R S = np? from formula
o at x = 0
5000 x 107° 5000 x 10707 x 202 5.0 x 1074 6
= 6.28 x107" Gm?
5000 G 6,283,185 uim? 390.4 1.G
500 x 1077 G 628,319 vym? 59.04 y

-5
= 500 ¢ = 59.04 x107° G

Tt (egs) = 1071 (egs) 1y=nl (s])
=1 mA/m (SI}

The body oriented co-ordinate system used is the Cartesian
right-hand convention with the z axis positive downwards.
Principal profile x axis analysis is presented. A principal profile
is a traverse over the centre of a 3D body or a traverse normal
to the strike of a 2D body.

It should be understood quite clearly that for MAGMODS
I, II, III the models give correct results only for vertical resul-
tant magnetizations. For inclination (of resultant magnetiza-
tions): 90° > |I,,| >60°, the results may be acceptable but only
approximate owing to the presence of poles on the sides of the
bodies.

The exposition for each model includes: formulae, program
instruction, key diagram, worked numerical example, and a
listing of the program.

The instrument requirements are: HP 41C calculator, card
reader, and thermal printer. If there is no printer, users can
modify programs up to the LBL E step by inserting SF21 at the
beginning of the program and substituting AVIEW
everywhere for PRA. When division by zero occurs the pro-
gram substitutes a very small number, but depth # cannot be
set equal to zero metres at any body vertex —instead a small
finite number is required. The plotting routine may be useful in
some circumstances, but it is more of an ornament with limited
application. When using the plotting subroutine |x| cannot
exceed 999. This problem can be avoided simply by changing
the distance units (e.g. using kilometres instead of metres).
The HP 41C is not meant to give detailed plots which may be
rigorously interpreted; the plots are simple visual aids. The
resolution is limited because the plot field consists of either 119
or 126 ‘columns’, therefore the anomally value is rounded to
one of 119 or 126 values (inclusive) between nominated min.
and max. values. If Buuw, Buax are too large an error in the
printout arises caused by the finite size of alpha register. If x
values are ‘too large’, then plots appear on two lines causing an
apparent origin shift —‘too large’ varies for different models as
different plot fields are used.

Some of the programs will require extra memory (modules)
for the basic HP 41C calculator.
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For further reading and background theory it may be worth-
while to consult:

(i) the classic paper (the basis for a lot of this work) by D.
H. Hall, Directions of polarization determined from
magnetic anomalies, J. Geophys. Res. 64, 1945-1959,
1959;

(ii) The ASEG Short Course Notes on ‘Pole and Dipole
Models in Magnetic Exploration’ by D. W. Emerson
and D. A. Clark, unpub. 1982, 1983;

(iii) the book: Magnetic Models in Geophysical Explora-
tion by D. A. Clark and D. W. Emerson (in prep.);

(iv) The Applied Magnetic Interpretation Symposium Pro-
ceedings ed. D. W. Emerson, Bull. Aust. Soc. Explor.
Geophys. 10, 1-139, 1979;

(v) the paper: by D. A. Clark, Comments on magnetic

petrophysics, Bull. Aust. Soc. Explor. Geophys., 14,
49-62, 1983.

It is a pleasure to acknowledge the indispensable assistance
of: Mr Len Hay (Sydney University) in drafting the
MAGMOD example Figures and for providing the cover
design which accurately portrays the feeling of many an inter-
preter; Mrs D, Garbler (Sydney University) for cheerfully typ-
ing many drafts; Mrs Pat Godden (CSIRO), who drafted
several Figures; and Miss Diana Bridgewater (CSIRO), who
transferred pages of handwritten formulae into camera-ready
copy.

Finally, a reminder to users that they are on their own with
these programs. Any user accepts and uses any, some, or all
of these programs at the user’s own risk and responsibility
entirely.



MAGNETIC EXPLORATION MODELS

Z+4

L8-0-= (,09-)uis =u

GZ-0=G-0XG0=,0€ UIS (,09-) S0 =W

€9-0=L8-0XG-0 = ,0€ SO2 (,09-)S02 =}
JOE+=¢ ,09-=1DH"2

\\
A+ =

10}22A 2y} JoO

uol}d2foiad pjuoziioy
24} O} SIXD X + 24} wWou}
2SIMXD01d 2A1YIsod s g/

[uUuis=232s0d=uU
g/ UlsS [s0d=Qq SOd =W
§/S02[S02=DS0d=}

AN>_¢vQ 5

X+ (uwy)d

W3ILSAS JLVNIQHO-0DO ANVH LHOIY



EMERSON ET AL

SCHEMATIC RELATIONSHIP BETWEEN MEASURED, TRUE AND CALCULATED
TOTAL MAGNETIC INTENSITY ANOMALIES
Southern hemisphere fields depicted with negative inclination

+X (north)
-Z(UP) Ey
B, 881 N\ u
ABg 7 e

— oy
(east)

+2
(down)
8B = ABy Cos 1 + 4B, sin I (computed total field anomaly)
sB = \E'] - |§! (measured total field anomaly)

aEp = aB_ - ABo = (|a|2-a8 2)/2|¥) |aB| 4 By # 0B,

B (= D) is the angle between the +X axis and the horizontal projection of the

field vector (g¢,m,n)
v v N -
i, j, k unit vectors parallel to X, Y, Z axes respectively
L, m, n direction cosines. For E(F):L = 8‘(/|%|, m = Bv”%" n = Bz/lm
~ N .
i+ m} + nk unit vector in direction (l,m,n)
a8 local magnetic anomaly vector, perturbing ¥
E(?) regional or "normal" magnetic field vector of Earth (constant over limited
region)
B' resultant (local) field = B+ A%; with declination D', inclination I'

ABT component of A¥ along normal field B. This is the theoretical computed

anomaly. Usually ABT t ABm

ABm measured residual total field anomaly (scalar measurement of variation in

magnitude of resultant field)
E; departure of computed anomaly (ABT) from measured anomaly (ABm). Usually small

ABhor horizontal projection of AB = true horizontal component of anomalous field

BH component of %(%) along regional magnetic meridian

BH' component of B along local anomalous magnetic meridian

ABH computed horizontal field anomaly = component of o along regional magnetic

meridian
= L.
ABHm measured horizontal field anomaly ABHm BH BH ¢ ABhor ¢+ ABH

EH-(ABH2 - ABHmz)/ZBH = By'[l-cos(D'-D)]. Departure of computed from measured

horizontal anomaly

AB, true horizontal anomaly component along X axis = Bx' - Bx
ABy true horizontal anomaly component along Y axis = By' - B
2 2y%
- + AB
ABhor (ABx A y )

ABz true vertical intensity anomaly, measured anomaly = vertical component.
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X, YK,

k:

JIND:

EMERSON ET AL

NOTATION (refer to MAGMOD diagrams and formulae)

origin of co-ordinates
Cartesian axes (right-handed)

2

surface area occupied by pole strength p (=nR“ for plug radius R)

distance from fixed point of subsurface body to observation point,
r o= (x2+y2+h2)1/2-

vertical depth to fixed point of subsurface body

half strike length (MAGMOD III)

half body width (MAGMOD III)

bearing of magnetic north, measured positive clockwise from the + x
axis (the positive end of the principal profile).

bearing of the horizontal projection of the resultant magnetisation,
measured positive clockwise from the + x axis.

Earth's magnetic field vector, with magnitude ’§|=F, declination D
(or bearing B) and inclination I (positive downwards)

magnetisation (contrast) vector

magnetic susceptibility (contrast)

induced magnetisation vector

JIND = ‘JINDI’ D, I: induced magnetisation magnitude, declination and

~

Inry:

inclination (neglecting demagnetisation)

remanent magnetisation vector, uncorrected for demagnetisation

~
JNRM = IJNRMI’DNRM’ INRM: remanent magnetisation magnitude, declination,

[§

[

J

~

Jrp ¢

inclination.

resul tant magnetisation vector, uncorrected for demagnetisation

~

Q)

R = Jnp ¥ Inra)e

R = |JR|, Dgr, Iz: resultant magnetisation magnitude, declination, inclination

resultant magnetisation vector, corrected for demagnetisation

[} ~
JR = IJR’I, D', Iz': demagnetisation-corrected resultant

magnetisation magnitude, declination, inclination
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p: magnetic pole strength

A: line density of magnetic pole strength (pole strength per unit
length)

g: surface magnetic pole density (pole strength per unit area)

; = u(L,M,N): magnetic dipole moment with magnitude u and direction cosines

L,M,N. u =VJ, where V is the volume of the causative body

(= 4wR3/3 if sphere) and J is magnetisation. magnitude.

ur(L,M,N): 1line density of magnetic dipole moment with magnitude u, and
direction cosines L, M, N. uy, = AJ (A = cross section area of the
causative body).
AB = (ABX, ABy, ABZ): anomalous magnetic field vector (assumed small compared
to F for total field interpretation).
ABi: magnetic anomaly component along measurement direction with
direction cosines (&', m', n') i = z,x,y,H or T.

ABH: horizontal magnetic anomaly (component of AE parallel to horizontal

component of F).

ABT: total field magnetic anomaly (component of AB parallel to %)
£,m,n: direction cosines of F. (4£,m,n) = (cosBcosI, sinBcosI,sinl)
L,M,N: direction cosines of resultant magnetisation.

(L,M,N) = (cosBg coslg, sinBR cosly, sinIR)

4',m',n': direction cosines of measurement direction

(2',m',n") = (0,0,1) (i=2)
= (1,0,0) (i=x)
= (0,1,0) (i=y)
= (cosB,sinB,0) (i=H)
= (cosBcosI,sinBcosl,sinl) (i=T)
d: (a) dip of thin or thick sheet measured downwards from -x axis

(b) dip of sloping step face measured downwards from -x axis
t: thickness of thin sheet
2b: (a) breadth of flat top of thick sheet

(b) vertical thickness of slab, away from sloping step face
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MAGNETIC MODELS I to VI

True North

- Magnetic

AB
North Pix.y. __--ABz
ABhor.
3 o
.z X/ 9y axis
axis

1 MAGNETIC MONOPOLE
* p.Jgp negative

P(x.y,0)

_. Magnetic North

_— - Horizontal projection
+y Of}J

IV MAGNETIC POINT DIPOLE
b = dipole moment

T ~™Magnetic
North

I1 LINE OF POLES

B P X

~— ~= Magnetic North

= Horizontal projection
of i

V HORIZONTAL LINE OF DIPOLES

Ji_=line density of dipole moment

*Z \ = pole strength per f .
y=+Y unit length (dipole moment [unit length)
F=F(lL,mn)
+ I 4
[ [ N-vel/x (8 P +x
7"¢ \J‘

- Magnetic North
II1 SHEET OF POLES

0 X

P—2x—

du

+ + + +* + + o+
le- u ~ d\= udu
o= surface pole density (pole strength /unit area)

VI HORIZONTAL SHEET
OF DIPOLES

DIAGRAMS & SYMBOLS FOR MATHEMATICAL FORMULAE DEVELOPMENT IN
SIX MAGNETIC MODELS WITH PRINCIPAL PROFILES RUNNING DIRECTLY
OVER OR NORMAL TO STRIKE OF BODY AS INDICATED
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MAGNETIC MODELS
VII, VIIT, IX

MAGNETIC MODEL

Note direction cosines &,m,n (F, Earth's tield) and
L,M,N (JR' resultant magnetization) become ({,0,n)
and (L,O,N) in plane of section

]
VII TWO DIMENSIONAL THIN DIPPING SHEET (Infimite or !
finite [(h2-h) cosec D] depth extent. infinite
strike extent)
T
SECTION F(ton) 2:aN Moo
-x P ex
ol B
Iez - /\)/ x
. LA
R
|t cosec D //‘\ AN

Horizontal ||Magnetic
projection || North

Ir

“ltcosec

ip |

d
D ttoo

VIII TWO DIMENSIONAL THICK DIPPING SHEET (Infinite or
tinite depth extent, infinite strike extent)
PLAN o9

section F(ton)
/ !
U0, P
R ox

x T T
-b! I b
hy : .z :
I4kdy |
0
-x X
it A8
h2 R /BR N
(LON) - N
Horizontal Magnetic
projection 7 North
S 7 R dip
P o loy
to infinity }
oo

IX TWO DIMENSIONAL SLOPING STEP {Infinite strike and
lateral extent)

SECTION F(Lo.n) PLAN
0
beotD
o \:%Z?.x
/N
/15

// R \\

/ Magnetic
<k Horizontal North
bcotd projection

jR

o0

11
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MAGMOD FORMULAE - PRINCIPAL PROFIIES

After Hall, D.H., 1959, J. Geophys. Res., 64: 1945-1949 and Emerson, D.W. and

Clark, D.A., unpublished ASEG course notes

General relationship: ABT = ABH cos I + ABz sinl

MAGMOD I Point pole
1, = -ph/r> = ~p/ 40’y
8B = pX/(x2+h2)3/2, ABy = 0 (principal profile)

A = A
BH BxcosB

p (xcosBcosI ~ hsinI)

AB, =
T (x2+h2)3/2
MAGMOD II Infinite line of poles
ABZ = ~2Ah/(x2+h2)
ABX = 2%x/(x2+h2)
AB =0
y
ABH = ABXcosB
AR = 2A[xcosBcosI-hsinI]
T (x2+h2)3/2
MAGMOD III Sheet of poles
-1 Y(x+X)/h -1 Y(x-X)/h
8B, = -20{tan ( 2( 2 )2 172) “tan ( (2 ; 7172
[x+X) “+h“+Y°] [ (x=X)“+h“+Y°]
on2,.2,.2.1/2 2,,2,.2.1/2
AB = oln {([(x X) " +h"+Y ") HF) ([ (x+X)"+h"+Y7] -Y)}
X 2 /2 2.1/2

([(x—X)2+h +Y2]1 —Y)([(x+X)2+h2+Y ] +Y)
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AB =0

AB

AB cosBcosI + AB sinI
X z

MAGMODS I - III Amplitude Factors

Pole strength (surface density x area)

p=0S = (JR.ﬁ)s = =3.8 sinl

Induced magnetisation only: p = —-kFS sinl

Line pole density (surface density x thickness)

T A
A =0t = . =
t (JR n)t JRtsinIR

Induced magnetisation only: XA = -kFt sinl

Surface pole density (magnetisation)

o = ER.G = -J sinl,
Induced magnetisation only: ¢ = —-kFS sinl

These models, which are assumed to have vertical sides, can only be
represented exactly by pole-type sources if the magnetisation is vertical.
The formulae are acceptable approximations for bodies with steep resultant

magnetisations (lIR‘ > 60°) and are much better suited to interpretation of

latitudinal profiles than meridional profiles, unless Jr is very steep.
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MAGMOD IV Point dipole (uniformly magnetised sphere)

H 2 2_
572 181X To33h 24

General formula: AB, = 3 2.5
(x™+ h)

1 xh]

AB

AB , ABX, ABy, ABH or ABT

i z
all = 2LL"'-Mm'~Nn'
a33 = 2Nn'-L&'-Mm'
o, = 3 (N&'+Ln')
where £',m',n' are the direction cosines of the measurement direction
(#",m",n') = (0,0,1) (i=2)
(4',m',n") = (1,0,0) (i=x)
(#',m',n"') = (0,1,0) (i=y)
(&' ,m'",n'") = (cosB,sinB,0) (i=H)
(4',m',n') = (cosBcosl,sinBcosI,sinl) (i=T)
MAGMOD V Infinite line of dipoles
2 2
[CAX + Cshx - C4h ]
General formula: ABi = ZuL 7 )
(x+ h")
AB. = AB ,AB ,A A A
where Bi Bz, Bx’ By’ BH or BT
C4 = LL'-Nn'; CS= =-2(Ln'+N&"')

£',m',n' are as for MAGMOD IV
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MAGMOD VI, VII Semi-infinite thin sheet
C7x+08h
General formula: AB, = Jt [—F]
i 2 .2
x +h

AB. = AB ,AB ,AB LA A
B, B,»0B ,AB 0B, or ABy

= 2 d+ : = - +
C7 C4cos Cssind H C8 ZC4sind Cscosd
where C4, C5 are as for MAGMOD V
MAGMOD VIII Semi~infinite thick sheet
x+b 2+h2
General formula: AB, = Jsind{(C /2)2n[£———)——-—1
i 7 2 2
(x-b) +h
-1, xt+b -1, xb

+ Cgftan (“F—) -tan (_E_)]}
AB, = AB ,0B ,0B ,0B_ or AB
i z b4 y H

T

Css C8 are as for MAGMOD VII

MAGMOD IX 2D sloping step
(x-beotD) *+(h-b)*

General formula: ABi = Jsind{(C7/2)2n[ X 7 7]
(x+bcotD) “+(h+b)
-1, x-bcotD -1 xtbcotD

+ C8[tan (———Tr——ﬁ -tan (__—E___)]}

AB. = AB ,AB ,AB LA AB
B, B_,0B_, By, B, or 4B

Cy7, Cg are as for MAGMOD VII
The response of finite dip extent or depth extent bodies is simply

obtained by subtraction of the response of two bodies with infinite dip or
depth extent.
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User Instructions

VECTOR OPERATIONS -

B C

Load cards, run program,

MAGNETICS

PROGRAM :

USER mode, DEG mode, size

VALG

07

o

Observe angle printout

STEP INSTRUCTIONS DA'T':S,IWS KEYS oﬂlﬂﬁﬂfws
1 |} Cartesian co-ordinates to D, I, F [ ] X=2?
2 | x value X ] Y=
3 y value Yy l: Z2=7
4 z value z [: @ D=
D, I, F printout [ 10 ] 1=
==y
1 Polar D, L F to Cartesian co-ordinates ’:J D=
2 | Declination D L] I=
3 Inclination I L] lﬂl—s_l F=
4 | Magnitude (] X=
Observe x, y, z printout Ij l:l Y=
e [
1 | Vector summation; Dj I Fiv i =1 toN L] D=7
2 | Declination of first vector D1 [ ] I=2?
3 | Inclination of first vector I ] F=7?
4 |Magnitude of first vector F1 [ ] D=7
Repeat steps 2, 3, 4 for subsequent vectors :l |_—_l
find] Observe resultant vector display :l E RESULTANT
declination, inclination, magnitude, number of :] :] D, I, F, N, M5
components (N), M = F/N 10 ]
L 11
1 Computation of angle between two vectors l:l CARTESIAN?
2 (a) Polar co-ordinates or 0 _(zero) [:j @ D1=2°
(b) _Cartesian co-ordinates (go_to 7} 1 (one) [ ] X1=7
3 |Declination of first vector (polar)| D4 ] 11=2?
4 J]iInclination of first vector (polar)| I1 [ ] EZSi’ D2=7
> |Declination of second vector (polar)| Dp L] 12=7?
6 Inclination of second vector (polar) 2 [ ] 4 =
Observe angle printout [: :i
7 |If Cartesian co-ordinates, x component first Xy |:l Yl=7?
8 |y component of first vector Yy [ IRss ] |z1=2
9 z component of first vector 21 Zl [E X2=7
10 X component of second vector Xy [:‘ Y2=72
11 y component of second vector Y2 [:j [RL—S_] 2=7
12 z component of second vector %) [ TR/ ] & =
I
L1 1
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VECTOR OPERATIONS
EXAMPLE
Vector addition and angles between vectors
Calculate the resultant magnetization of a large prismatic body,
k=10,000x 1070 cgs, 1n an area where the earth's field (F; D; I)
is 0.6G =60,000 gammas (nT); 10°E; - 70°. The body has a remanent
magnetization with magnitude 10,000 u gauss = 1,000 gammas and
gointing horizontally (I =0°) in the geographic east direction (D = 90°)
IND = kF = 6,000 u gauss = 600y ; JNRM = 1,000y =10,000u gauss.
(Answer: D=79.0°, I=-28.1°, F= (JRES) =1196.4v)
What is the angle between the remanent and induced vectors? (Answer: 86.6°)
What is the angle between the induced and resultant vectors? (Answer: 56.6°)
What is the angle between the remanent and resultant vectors? (Answer: 30.0°).

=14, 0080

ADDITION OF MAGNETIZATION VECTORS 1=-76. 4009
F=600, 4009

J:[J,D,I1] 1-99. 0680
1-3, 8098
F=1,888. 6000

-~ X
J RESULTANT
IND ~ [=7%. 9580
J R [=-25.1172
=1,196.3567
_ -y F=1,196.3
J N=2. 0009
NRM #=598. 1784

M=1@. 6208

o _ 11=-70. 9982
Jinp (600, 10°%-70°]

D2=94, pand
Inrm [1000,90° 0°] 12-9. 0889

Jo  [n9e,79%- 28°] £-86.5951

——y
il

R

bi=18, 8084

[1=-74, BAag

Iiz=78.9588

2=-28.1172
£=56.5534

bi=30.00600
1=, 6004
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User Instructions

MAGMOD I : POINT POLE, VERTICAL PAIR OF POLES (PLUG) USER mode
41 DEG mode
= INDUCTION &/OR REMANENCE. SIZE 031
STEP INSTRUCTIONS DA'T'j\‘;ll:;ITS D/?TL/'-\T/S:ITTS
1 Load cards, run program F=
2 | Geomagnetic field magnitude E L=
3 | Geomagnetic¢ field inclipation I D=
4 | Geomagnetic field declination D INF? <0,13
5a | If finite depth extent body 0 (zero Hl =
Sb | If infinite depth extent body 1 Hl =
6 | Depth to body top (a) finite body h_l HZ =
(b) infinite body (go to 8) h1 RADIUS =
7 Depth to body bottom hZ RADIUS =
Radius of hody R SUSC =
9 Susceptihility contrast k REM? <01
10a | If remanence absent 0 BEARING =
10b | If remanence present 1 JpEyw =
11 | Remanent magnetisation magnitude JREM IREM =
12 Remanent magnetisation inclination IREM DpEM =
13 | Remanent magnetisation declination DREM BEARING =
14 Azimuth of magnetic north w.r. t R XMIN =2
15 | Minimum (profile) x value AMIN XMAX = ?
16 | Maximum (profile) x value X MAX XINC = ?
17 | Profile x increment X INC
18 | Observe printout of: station X =
vertical component anomaly | BZ =
total intensity anomaly | BT= |
19 | Call plotting subroutine if required BZ MIN= ?
Lower limit for axis Bz (MIN | BZ MAX = ?
Upper limit for axis B, (MAX) BTMIN = ?
Lower limit for axis BT (MIN BT MAX = ?
Upper limit for axis Br (MaAXx
Observe the two profiles plotted
20 | Resultant magnetisation printout J,I1,D
Profile recomputation with changed inputs
If complete new data F=
If same geomagnetic data only INF <0,1
If different remanence JREM =
1f different B BEARING =
If different profile limits XMIN = ?
If different plot parameters BZMIN = ?
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POINT POLE...

WORKED EXAMPLE :MAGMOD 1

..VERTICAL PLUG-INFINITE DEPTH EXTENT

VERTICAL EXTENDED DIPOLE... VERTICAL PLUG- FINITE DEPTH EXTENT

PLAN
TN
+X
My
NRM g=11°
D=11°
Dnpm=-20°
R=25m (o]
tnduction: F=58,0007 (nT)
J:=kF= 5807
1= -64.5°
D= 11°
Remanence: JNAm= 11607
INRM = -85°
DNRM=  -20°
-X Resultant
Magnetis. : Jrgs =1713.2Y
Ineg = -78.5°
Dres= 2.2°
ELEVATION
(looking west)
S N
GL. X o i
3
hy=200m
k=0.01cgs hy=600m
P> {bottom of dipole)
2R=50m —»] |j+—
y
L |-
ET
MIN=-24, HA%=-248. HIN=18
-188, : -188,; -
-58, -58.i z
188, 188,
158, 158,
288, 206, =

oo o

L5

19
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User Instructions

‘1 MAGMOD II: LINE OF POLES (VERTICAL SHEET) USER moge
= INDUCTION &/OR REMANENCE. ot 0o
STEP INSTRUCTIONS AT UNITS KEYS DATAIUNITS
1 Load cards, run program F=
2 | Geomagnetic field magnitude F C] 1=
3 Geomagnetic field inclination 1 l: D=
4 | Geomagnetic field declination D [ ] INF? <0,1
5a] If finite depth extent vertical sheet 0 (zero) [:] H1 =
sb} If finite depth extent vertical sheet 1 :] @ Hl =
6 | Depth to sheet top (a) finite body hy ] H2
(b) infinite body (go to 8) | hy [ T[Rys | [THICKNESS =
7 | Depth to sheet bottom h, [ ] THICKNESS =
8 | Thickness of sheet t ] SUSC =
9 Susceptibility contrast k :l REM? <0,1>
10a) If remanence absent (go to 14)] O l:] BEARING =
10b} If remanence present 1 [ ] JREM =
11 | Remanent magnetisation magnitude JREM L] @ IREM =
12 | Remanent magnetisation inclination IrEM [ ] DREM =
13 | Remanent magnetisation declination DREM Ej @"s:] BEARING =
14 { Azimuth of magnetic north w.r.t. + x axis < l: XMIN = 7
15 | Minimum (profile) x value X MIN ELYE YMAX = ?
16 | Maximum (profile) x value X MAX L] XINC =7
17 | Profile x increment X INC L]
18 | Observe printout of: station [ I ] X =
vertical component anomaly E :‘ BZ =
total intensity anomaly :] :I BT =
19] Call plotting subroutine if required [ I 1 |BzMIN=2
Lower limit for y axis B, iy [ | BZ MAX = ?
Upper limit for y axis Bz maxy| [ J[rs/s 1 |BT MIN=2
Lower limit for y axis Br mmy| ] BT MAX = ?
Upper limit for y axis Bromaxy] [ J[r/s ]
Observe the two profiles plotted 1]
20 ] Resultant magnetisation printout [ ] J, L, D RES
[ 1]
L]
Profile recomputation with changed inputs :] l:]
If complete new data Cl F =
If same geomagnetic data only u INF <0,1>
If different remanence E JREM=
If different B [ 1[0 ] |BEARING =
If different profile limits ‘:] XMIN = ?
I1f different plot parameters [ 1[F ] BZMIN = ?
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WORKED EXAMPLE : MAGMOD i

LINE OF POLES...VERTICAL THIN SHEET - INFINITE STRIKE LENGTH
- INFINITE DEPTH EXTENT

(FINITE DEPTH EXTENT BY SUBTRACTION)

TN
PLAN A
+X
MN
g=11°
D=11° NRM
t=20m Dnrm=20°
| 0
- 00 — T ), — + 0
Induction: F=58.0007 (nT)
J=kF= 587
1= -64.5°
D= 11°
Remanence: JNRM= 5807
Inam = -70°
DNRM= 20°
_x Resultant
Magnetis. : JRes = 637.7Y
TRes = -69.5°
Dres= 19.0°
ELEVATION
(looking west}
S N
GL. X o 2x
3
hy =100m
k=0.001cgs
L
hp= 600m
t=20m —» fo—
This latitudinally strik-
ing model gives a poor
result because of non
vertical magnetisation.
Even in the more favour-
able case of a meridional
strike the results are
impaired. It is better
to use MAGMOD VII. l
Wy
BZ ET
MIN=-Z8d, Ma¥=g, HIN=24, MO=288,
-14@, k : -1R@, 5
-8, s : -58.; x
g.= H a.}
S8, x H S8,
iag, x : 188,
158, o0 158, G
268, =1 28d.; -

N
]

!
S X

et 1Y
1 n

L
2R
v

i
G e o

I=t

#=@, 8
BZ=-199.1
iT=179,7

21
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User Instruections

MAGMOD III : SHEET OF POLES (VERTICAL PRISM) USER mode
INDUCTION §/OR REMANENCE S?Eg Igzge
STEP INSTRUCTIONS DA'TT,,S;.TS KEYS DSTT;S:‘:LS
1 |load cards, run program &EQ] m F=
2 |Geomagnetic field magnitude F ij [RLSi} I=
3 |Geomagnetic field inclination 1 ;J [R/t] D=
4 |Geomagnetic field declination D LfiJ LJ&E INF? <0,1>
Sallf finite depth extent vertical prism 0 (zero) [77j [@ Hl =
S5blIf infinite depth extent vertical prism 1 Ef I 1R@ Hl =
6 [Pepth to prism top (a) finite body hy [ ] ] HZ =
(b) infinite body (go to 8) | hy LIRS T o winh -
7 [Depth to prism bottom h, [ JiR/S| /2 wipTH =
8 Half width of prism X [ Jirss | 1 /2 LENGTH
9 Half strike length of prism Y | JIR/s] |susc=
10 fSusceptibility contrast k _ R/E] REM? <0, 1>
11a|If remanence absent (go to 15) | O [ _JIrR/S | |BEARING =
11b |If remanence present 1 L] IRJ&J JREM =
12 |Remanent magnetisation magnitude JREM ( J IRE] InpM =
13 Remanent magnetisation inclination IRg L 1 |7R/SJ DM =
14 |Remanent magnetisation declination DREM F;J [Ii?g BEARING =
15 [Azimuth of magnetic north w.r.t. + x axis B [h ’ IR/L] XMIN =7
16 Minimum (profile) x value XMIN [; HE/EW XMAX =?
17 Maximum (profile) x value XMAX f j [7R/S ] XINC =?
18 |Profile x increment XINC [ |lrss]
19 PpPbserve printout of: station [7J [ ﬁ ] X=
vertical component anomaly E” l ‘,,,,j BZ =
total intensity anomaly [J [77] BT =
20 [Call plotting subroutine if required [ IlE BZ MIN= ?
Lower limit for y axis Bz (MIN) L] [E/Sj BZ MAX = ?
Upper limit for y axis Bz (MAX) [ ] [BZS] BT MIN = ?
Lower limit for y axis Bt (MIN) [ ] {R/S ] BT MAX = ?
Upper limit for y axis Bp (Maxy| [ JIR/A ]
Observe the two profiles plotted N
21 Resultant magnetisation printout {1 [[G { J, I, D RES§
Profile recomputation with changed inputs [ 7] [77]
If complete new data [7 J [Aij =
[f same geomagnetic data only [ 1] INF <6,1>
If different remanence !77] lc - _Jﬂi,_
If different B L 1 1 [BEAR NG
[f different profile limits Il | XMIN = ?
[f different plot parameters L JE ] BZMIN = ?
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F=58.0688.6
WORKED EXAMPLE : MAGMOD il 1=—£5.8
SHEET OF POLES ...VERTICAL PRISM  INFINITE DEPTH EXTENT I=ig.8
(FINITE DEPTH EXTENT BY SUBTRACTION)
Hi=i.,m68, 8
HZ=3.988, ¢
PLAN 172 WIDTH=1,888 ¢
MN 172 LENGTH=1 8888
w ] SYSC=8, AR 1AA
\ 1 RER=145.8
D =10° 1 REN=-83.8
-\i-w’ I REW=275.8
= o\ = BEARIHG=-96. 8
v N8/ t
D=275" ¥ =1000m ¥=-108, 8
| — 17=-331.4
ion: F=58.0007(n oo 7
e BT=388. 7
1= -65°
X =1000m D= 10° Y¥-_Ch
Remanence: JNRM:= 1457 o ._;::‘;, .
'l)nnu = -83° pi=-332.4
NRM=  275° To21 1
Resultant BT=381.1
Magnetis. ©:  Jres - 19867
Ines - -81.6°
Dres= -27.4°
ELEVATION
(iooking north)
E=58.4
w E 37=-337.4
GL. -x o X ET=181.3
]
h{=1000m ¥=198.8
7=-331.4
BT=3@8,1
hz=3000m 2=150. 8
B7=-329.%
BT=298.7
k=0.001cgs E=208.4
______ i .
W l

BZ 2T
MIN=-335. MA¥=-323. MIN=295, MAX=38%,
! i
-168, -188.; x
-58. x -58.; s
g = 8. z
8. : 58.: z
188. s iha.;
138, 154, =
288, =l 266, =
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User Instructions
USER mode
MAGMOD IV: POINT DIPOLE (SPHERE) DEG mode
INDUCTION &/OR REMANENCE SIZE 036
STEP INSTRUCTIONS DATANITS KEYS DATA/UNITS
1 Load cards, run program @ lﬂ@ F =
2 Geomagnetic field magnitude F :] U_LZSj] I=
3 | Geomagnetic field inclination I L JIr/s ] |b=
4 | Geomagnetic field declination D L] LRL—SJ DEPTH =
5 Depth to sphere centre h l:‘ ‘E RADIUS =
6 |Radius of sphere; volume displayed R [ T[r/s ] |vor=
7 | If volume acceptable, otherwise [ ] |® SUSC =
8 If another volume nominated \ m |ﬂ&] SUSC =
9 |Susceptibility contrast k C] |E REM? <0,1
10a | 1f remanence absent (go to 14) 0 [ 1[R/S] BEARING =
10b | If remanence present 1 C’ IE JREM:
11 |Remanent magnetisation magnitude Jprm [ ] E’;S] IppM =
12 |Remanent magnetisation inclination IREM l:' |E Dppy =
13 [Remanent magnetisation declination DREM [ ] [El-.li_j BEARING =
14 |Azimuth of magnetic north w.r.t. + x axis B l: I&ZT_' XMIN = ?
15 |Minimum (profile) x value XMIN L] IKLSi} XMAX = ?
16 [Maximum (profile) x value XMAX [ J[RrR/ST] |XINC =2
17 |Profile x increment *INC L] IE
18 |Observe printout of: station LI 1 |x=
vertical component anomaly [: ':l B, =
total intensity anomaly L—:] [:] Br =
19 ]|Call plotting subroutine if required :] [E Bz MIN =2
Lower limit for Y axis B, iy | [ JlR/s ] [Bzmax =+
Upper limit for Y axis B, (MAX) [ ] [E BT MIN = ?
Lower limit for Y axis Br viny | [ TlR/s | |Bpwax -
Upper limit for Y axis Bp max) | [ T[]
Observe the two profiles plotted D [:'
20 JResultant magnetisation printout Ll ] J, I, D RES
21 |To obtain BR azimuth of resultant magnetisation IE [sz Br
N
Profile recomputation with changed inputs [j [:
If complete new data (I T
If same geomagnetic data only D [Bﬁ 7 DEPTH =
If different remanence D [(:] JREM =
If different B [ Ib 1 [|BEARmNG -
If different profile limits L 1E | |xMin . 2
I1f different plot parameters [ 1 ] |szmin=+
==
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WORKED EXAMPLE :MAGMOD IV
POINT DIPOLE... MAGNETISED SPHERE

(looking west)

k =0.01cgs

|-
— -
—— h=200m

PLAN \TN
+X
NRM
Induction: F=58,0007 (nT}
J=kF= 580«
1= -64.5°
D= 11°
Remanence: JNRM=9500.97
INAm = -43.6°
-x DNRM= 328.6°
aesu"?lm J 10,0007
-— agnetis. :  JRes =10,
2R=26.73m Ines = -45°
Dres= -30°
Br = -30°
ELEVATION

25

i
Gl fa D
wn -

R =13.36m

(RCL 18) BR
BZ BT

IH=-Z§, Mi¥=¢, ATH=-5. HA¥=722 ) )
e f il J; Note on demagnetisation:
—1m —188.. . if spherical body has
-34, -58, large k (>g.01 cgs) use

g, o« g, ! k‘=k/(1+gﬂk)

8. = i1

148, 188,

158, 158,

2a8, Zem, *
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User Instructions
‘1 MAGMOD V:  HORIZONTAL LINE OF DIPOLES USER mode
(HORIZONTAL CYLINDER) DEG mode
=) INDUCTION &/OR REMANENCE SIZE 035
STEP INSTRUCTIONS DATA ONITS KEYS DATAIONITS
1 Load cards, run program F =
2 | Geomagnetic field magnitude F [:] I=
3 Geomagnetic field inclination I [:I D=
4 Geomagnetic field declination D :’ DEPTH =
5 Depth to cylinder axis h D RADIUS =
6 Radius of cylinder; cross sectional area displ} R :] A=
7 | If area acceptable_  otherwise [ J[r/s_] SUSC =
8 If another area nominated A l:] 'R,L—S_] SUSC =
9 Susceptibility contrast k [:I REM? <0, 13
10a] If remanence absent (go to 14) 0 L] BEARING =
10b| If remanence present 1 D JREM=
11 Remanent magnetisation magnitude JREM :’ @ TREM =
12 | Remanent magnetisation inclination IREM |: DREM =
13 | Remanent magnetisation declination DREM ] BEARING =
14 | Azimuth of magnetic north w.r.t. + X axis B8 [ 1] XMIN = ?
15 | Minimum (profile) x value XMIN [ ] IRK] XMAX = ?
16 | Maximum (profile) x value *MAX [ IR/ XINC = 2
17 | Profile x increment XINC [ ]
18 | Observe printout of: station |: |:l X =
vertical component anomaly L0 ] B, =
total intensity anomaly [ 1 Br =
19 | Call plotting subroutine if required |:] BZMIN=7?
Lower limit for Y axis B, mivf [ ] BZ MAX = ?
Upper limit for Y axis B, MA)[ [ | BT MIN = ?
Lower limit for Y axis Br iy [ 1 R/S BT MAX =7
Upper limit for Y axis BT (MAX) 10 ]
Observe the two profiles plotted [:] [:l
20 | Resultant magnetisation printout ] J, I, D RES
21 | To obtain PR azimuth of resultant magnetisatioi Br
—
Profile recomputation with changed inputs [: D
If complete new data :l F=
If same geomagnetic data only L] DEPTH =
If different remanence :l JREM =
If different B [ I[Dp ] |[BEARING =
If different profile limits (L }HE ] XMIN = ?
If different plot parameters ] BZMIN = ?
LI ]
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WORKED EXAMPLE :MAGMOD ¥ =54, 5
HORIZONTAL LINE OF DIPOLES...INFINITE STRIKE LENGTH I=11.#

PLAN

Induction: F=58,0007 (nT} ¥z
J=kF= 290Y -
1= —64.5: BEZ

= 1
° BT

Remanence: JNRm= 10007

INRM = 90°

DNRM= 0° ¥=5@.4

Resultant
Magnetis. : JRes = 748.7Y BZ=72.
7

B Ines = 80.4° -
® Dmes- 119 BT=-77.2
Ba = 56°

ELEVATION BZ=38.7
(looking southwest) BT=-58.1

(SE) (NW) 1T=-7
Ny BT=-24.1

k=0.005cgs
J RES=748,7
I RES=08.4
B EES=1i.8

6.8 et

(RCL 19) BR = 56.0

BEZ BT
HIk=-18. HAY=1m4, MIN=-%8, Hix=g,
! i i
-18g. | s -194. = :
-8, | : -58. s !
g s .= :
58, i z . =
1aa@, ! : 104,
158, § = 154, =
288, = 208, :
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DEMAGNET ISATION CORRECTIONS FOR MAGMODS I-V

Point pole/line of poles/Sheet of poles (MAGMODS I, II, III)

These models realistically apply only to steeply dipping bodies with sub-
vertical resultant magnetisation. The effect of the poles on the sides of
the bodies is neglected in the formulae, so the self-demagnetisation of
the magnetisation component perpendicular to the sides of the body can be
ignored. The effective demagnetising factor in the down-dip direction is
close to zero, so demagnetisation has negligible effect on the pole

strength.

Point dipole (MAGMOD IV)

The source is modelled as a sphere and the magnetisation direction is
unaffected by demagnetisation. For high susceptibility, roughly spherical
sources, such as massive magnetite or pyrrhotite ore bodies,
demagnetisation reduces the effective dipole moment. The corrected moment

' = u/QQ+47k  /3).

emu
However when the high susceptibility body is distinctly elongated or
flattened, although compact, a more complicated analysis is required,

using demagnetising factors for ellipsoids.

Line of dipoles (MAGMOD V)

In most applications of the line of dipoles mode, e.g. representing a
buried anticline, the susceptibility of the source is usually sufficiently
low that demagnetisation is unimportant. In the 2D case (Y + ®) the emu
demagnetising factors are: Ny = N, = 2r, N, = 0. Only the magnetisation
component in the x-z plane contributes to the anomaly - its direction is
unaffected by demagnetisation. Therefore the effect of demagnetisation is

. . : . t = + .
to lower the linear dipole moment density uy uL/(l 2ﬂkemu)
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User Instruetions

: USER mode
MAGMODS VI & VII: VI - HORIZONTAL THIN SHEET DEG mode
‘1 THIN VII- DIPPING THIN SHEET 3' SIZE 042
@ DIPOLE INDUCTION §/OR REMANENCE.
STEP INSTRUCTIONS DATAUNITS KEYS oﬂ%ﬁﬁﬂs
1] Load cards, run program =
2 | Geomagnetic field magnitude F ] =
3 | Geomagnetic field inclination I [ J[R/S =
4 | Geomagnetic field declination D ] DIP =
5 [ Dip angle of sheet d ] INF?< 0,1>
6al If finite dip extent body (L finite) 0 (zero :| Hl =
6y If infinite dip extent body (L infinite) 1 [ ] H1 =
7 | Depth to sheet top (a) if finite dip 0°<d<180° | My [ _1[R/s H2 =
(b) if finite dip d=0or 180°] N1 ] L=
(¢c) if infinite dip extent (goto 9] Ny [ ] THICKNESSS
8 | (a) Width (=length) for horizontal sheet L [ ] THICKNESS=
(b) Depth to sheet bottom for dipping sheet hy I:] THICKNESS S
9 | Thickness of sheet t [: SUSC =
10 | Susceptibility contrast k ] REM? <0,1>
11a] If remanence absent (go to 15) 0 :I BEARING=
11b] If remanence present 1 [: JREM =
12 | Remanent magnetisation magnitude JREM l:] IREM =
13 | Remanent magnetisation inclination 1REM E:I DRrEM =
14 | Remanent magnetisation declination DrEM [ ] BEARING =
15 | Azimuth of magnetic north w.r.t. + X axis B8 ] XMIN = ?
16 | Minimum (profile) x value XMIN 1 XMAX = ?
17 | Maximum (profile) x value XMAX [ ] XINC =7
18 | Profile x increment XINC ] [E
19 | Observe printout of: station 1] X =
vertical component anomaly [:] ':I B, =
total intensity anomaly [ ] 1] Br =
20 | Call plotting subroutine if required E:I BZ MIN= ?
Lower limit for Y axis B, MmNy [ ] |£ZS_—J BZ MAX= ?
Upper limit for Y axis B, ax) [ JI[R/S BT MIN= ?
Lower limit for Y axis Bt (MIN ] BT MAX= ?
Upper limit for Y axis Br M D IBJ_S——I
Ohserve the two . profiles plotted L] L]
21 |Resultant magnetisation printout [ 1l6 J |51DRES
22 | To obtain PR azimuth of resultant magnetisation % Br.
Profile recomputation with changed inputs L——:] :]
If complete new data 1] [1:] F =
If same geomagnetic data only L] INF <0,1~>
If different remanence L] JREM =
If different B [ ]J[P__ ] |BEARING=
1f different profile limits [ ] XMIN = ?
If different plot parameters |7~| |F—j BZMIN = ?
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F
WORKED EXAMPLE :MAGMOD W (using MAGMOD YIT with dip = 0°) 1
B

HORIZONTAL SHEET OF DIPOLES...INFINITE STRIKE LENGTH
SEMI INFINITE WIDTH
(FINITE WIDTH BY SUBTRACTION)

PLAN

+X

L(width)=100m

[*]
Induction: F=58,0007 (nT) .
J=kF= 58y BT=-153%.%
1= -65°
D= 0°
Remanence: JNRM= 5807
INAM = 75° B

DNRM=  g0°
\ Resuitant ET=-187.4
Magnetis. : Jres = 53007
L Ires = 73.3°
Dres= 80.7° 2

Br = 35.7° B

ELEVATION
(looking northwest) ¥=1Ad. 8

(sw) (NE) ¥=158.48
GL.

h=100m
t=20m i=7e8, 8

cee TZTTC B2=-25.2
Lk=0.001cgs —40 7

R T
[T

= BN I
[T TN

(RCL 23) B, = 35.7

R
BZ ET
HIN=—44, MpE=174, KIH=-1c8. HAX=25.
! ! i
-188, z -1p8, s :
-38. ; -58, =
8. = a. :
5w 58, 5
188, | 1948, 1
156. = 158.

288, = 1 208,
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WORKED EXAMPLE : MAGMOD VIL

DIPPING THIN SHEET ... FINITE DEPTH EXTENT ... INFINITE STRIKE EXTENT
(by subtraction)

NW TN=MN
PLAN 1 - D=0°
I lower limit of finite
depth extent thin sheet
—-45°
SW p=-45 l NE
-X O] 1 X
induction: £=58,0007 (nT) NRM
J=kF: 587 D=90° |
1= -65°
D= o°
Remanence: JNRM= 5807 I
INAmM = 75°
DNRM=  90°
i —_
Magnetis. : Jgresg = 5§30.0Y
Ires = 73.3° *o
DRes= 80.7° SE
B = 357°
ELEVATION
(tooking northwest)
SW NE
-x G.L 0 ol

hy = 100m

A<

d=135°
h,=312m
k=0.001cgs
N
L finite
t=14.14m

'

<
\\\

N0

L infinite
r~ e
N
[Se]
]

1

[a23
@ o i
m -
o . = .
é{‘) Fol 4 b AL = e

31
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User Instructions

USER mode
MAGMOD VIII: DIPPING THICK SHEET OF DIPOLES DEG mode
INDUCTION §/OR REMANENCE. SIZE 044
STEP INSTRUCTIONS DATAUNITS KEYS DATA/UNITS
1 |Load cards, run program F=
2 |Geomagnetic field magnitude F ’:’ 1=
3 |Geomagnetic field inclination I :l D=
4 |Geomagnetic field declination D L] INF ? <0,1>
5alIf finite dip extent thick sheetor thin sheet 0 _(zero) L] Hl =
5b]If infinite dip extent thick sheetor thin sheet] 1 [ ] H1 =
6 |Depth to sheet top (a) finite body hy [ JRes ) 2=
(b) infinite body (go to 8)| N1 [ 1lRs | |THICKNESS:
7 |Depth to bottom of sheet hz [:] THICKNESS=
8 |Breadth (horizontal) of sheet (2b = t cosec d) 2b [ ] DIP =
9 |Dip angle of sheet (d # 0° or 180°) d [ ] SusC =
10 |Susceptibility contrast k RYE REM? <0,1>
11a|If remanence absent (go to 15) 0 [j BEARING =
11b]JIf remanence present 1 :’ JREM=
12 |Remanent magnetisation magnitude JREM l____l m IREM=
13 [Remanent magnetisation inclination IREM ] DREM =
14 |Remanent magnetisation declination DREM |:| BEARING =
15 |Azimuth of magnetic north w.r.t. + x axis B [ ] XMIN = ?
16 |Minimum (profile) x value XMIN [ ] XMAX = ?
17 [Maximum (profile) x value XMAX [ |R/s XINC =7
18 |Profile x increment XINC [:::] [:::]
19 |Observe printout of: station [:::] [:::] X=
vertical component anomaly l:l l:] B,
total intensity anomaly [: |:J Bt =
20 {Call plotting subroutine if required I:' BRZ MIN=2?
Lower limit for Y axis B, MIN)[ [ Jlrys | Bz max =2
Upper limit for Y axis B, awaxy| [ ] BT MIN = ?
Lower limit for Y axis By miNy| [ | BT MAX =?
Upper limit for Y axis Br (max)] [ 1[R/S
Observe the two profiles plotted I
21 |Resultant magnetisation printout :] J, L, D RES
22 [To obtain PR azimuth of resultant magnetisation Pr
(1]
Profile recomputation with changed inputs L] |:]
If complete new data L] F=
If same geomagnetic data only [:l INF <0,1>
If different remanence ] JREM =
If different 8 [ 1P ] |BEARING
If different profile limits [ 1JE 1 |wMmin=
[ J[F ]

If different plot parameters

BZMIN =7
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WORKED EXAMPLE : MAGMOD VIIL

THICK DIPPING SHEET ... FINITE DEPTH EXTENT ... INFINITE STRIKE EXTENT
(by subtraction)

TN
PLAN
L NW
-0
P = -
MN
lower limit of finite
=11° Idepth extent thick sheet
SwW
-x [¢) I ?5
Induction: Sf ig_OOO;I S‘T’) l— 100M —> NRM I
1-  -645° D=90°
D= 11° I
Remanence: JNRM= 1007
INRM = 20° I
DNAM=  90°
[
ﬂ:%‘#-é?ﬁ'. ¢ JReg = 98.8% b v vt sl o an e — c— _J
Ines = 17.0
DRes= 88.5° ro
Ba - 435° SE
ELEVATION
(looking northwest)
W NE
Y G.L. o *x
A
b=50m
hy = 100m
4
d=135%
hp=312m

2b=100m

k=0.0001cgs

AN AN
N \& N

Lty =
N.; . i — [T
< o . o

" i “ AL

o = b
m‘ " - @
~ "
%
~ o oo
- T oE e e 'lil‘
S i EFTS .
< [njge= ! ) e

Hi=1@6.8

BEARING=-34.8

el

¥=-108.8
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User Insiruections
USER mode
DEG mode
1 MAGMOD IX: SLOPING STEP - MAGNETICALLY POLARISED 3} SIZE 043
INDUCTION §/OR REMANENCE.
STEP INSTRUCTIONS DA'&?&LTS KEYS ofrlﬂﬂh’ﬁrs
1 | Load cards, run program F=
2 Geomagnetic field mangitude F [:] 1=
3 Geomagnetic field inclination I [:l ER,TSJ D=
4 | Geomagnetic field declination D ] @ HI =
5 If finite depth extent body,depth to step top h1 C] @ H2 =
6 | Depth to step bottom hy [ T[rss] DIP =
7 | Dip angle of step face d [: SUSC =
8 | Susceptibility contrast k L] @ REM? <0,1>
9a | If remanence absent {(go to 13) 0 I:I E.L—SJ BEARING =
9b} If remanence present 1 l:} JREM =

10 | Remanent magnetisation magnitude JREM I:l R/S IREM=

11 Remanent magnetisation inclination IREM I:] DREM =

12 Remanent magnetisation declination DREM :l BEARING =

13 | Azimuth of magnetic north w.r.t. + x axis B [ ] XMIN = 7

14 | Minimum (profile) x value XMIN [ ] @ XMAX = ?

15 | Maximum (profile) x value AMAX L] LR,[—SL_] XINC = ?

16 Profile x increment XINC [:]

17 | Observe printout of: station 1] X=
vertical component anomaly l:l [:l B, =
total intensity anomaly [:] :} Br =

18 | Call plotting subroutine if required L1 BZMIN = ?

Lower limit for Y axis B, (MIN) L] BZMAX = ?
Upper limit for Y axis Bovaxyl [ BTMIN = ?
Lower limit for Y axis BT(MIN] l:l BTMAX = ?
Upper limit for Y axis BT (MAX) :I
Observe the two profiles plotted [:] :I
19 Resultant magnetisation printout [:I J, I, D RES
20 To obtain BR azimuth of resultant magnetisation [E Br
(I
Profile recomputation with changed inputs ] [:|
If complete new data |:] F =
If same geomagnetic data only :] INF <0,1>
If different remanence :] JREM
If different B [ 1[0 T |BearING
if different profile limits L] XMIN = ?
1f different plot parameters I:I BZMIN = ?
o
[ JC 1
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WORKED EXAMPLE :MAGMOD X

SLOPING STEP ... FINITE DEPTH EXTENT ... SEMI-INFINITE LATERAL EXTENT

... INFINITE STRIKE EXTENT

PLAN
SW
2% |
T
NRM '
D=180° l
Induction: F=58,0007 (nT) I
J=kF:= 587 I
1= -64.5° I
D= 11°
Remanence: JNRM= 1007 |
INRM = 80° l
DNRM=  180°
Resultant l pan—
Magnetis. : JRes = 46.9Y i
Irgs = 79.5° l
DRres= 33.7° +00
Br =-113° SE
ELEVATION
(looking northwest)
SW NE
-X G 0 X
1 A
: h1 =100m
=h-b
|
)
k=0.001cgs
d=135° I o '
| =
| "2'3‘:"; 2b=212m
= + -
b=106m ) > o
centre of sloping interface
h=206m

n
o

(e}

.

L ol

[N o

2 i
I"'d o

L aE

s e e
T
]

Note:

]
T3
h
“
=
) ~:=-1 e Y r'_";.': 11; -E‘v II: -:s:-'
[ T = <) |_w 1 [ V] [~ O~ ]
P I | joe 4 w— ) —
o '
+x part of traverse is over

F=58,888.82
[=-h4.5

I=11.@
H1=148.#%
H2=312.%
BIP=133.8
SUSC=0.a81886

BEARING=-34.8

¥=-188.7
B7=-14.6
BT=47.4

BT=-33.8

step, -x is away from step.
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User Instructions

<1 2-D POLYGONAL CROSS SECTION BODY USER mode
MAGMOD X INFINITE STRIKE LENGTH DEG mode
tf oy e T
: SIZE 038 + 2N
STEP INSTRUCTIONS DATAUNITS KEYS DATANITS
1 |Load cards, run program MAG1 F=
2 |Geomagnetic field magnitude F |:J I=
3 |Geomagnetic field inclination I I:l D=
4 |Geomagnetic field declination D [:J lﬂé] No. of sides|=
5 |Number of body vertices (sides) N CI I_Rf] X1-=
6 |x- coordinate of first vertex X [ J[R/S] Z1 =
7 Jz- coordinate of first vertex v4 I::] X2 =
8 |Repeat for subsequent vertices (clockwise) D (:J
XN, 2y [ ]I[Rr/s SUSC =
Susceptibility contrast k ] REM? <0,1>
10a ]If remanence not present (go to 14) 0 L] BEARING =
10b|If remanence present 1 L] JREM =
11 |Remanent magnetisation magnitude JREM l:] IREM =
12 |JRemanent magnetisation inclination IREM [ J[Rr/S DREM =
13 |Remanent magnetisation declination DREM E BEARING =
14 |Azimuth of magnetic north w.r.t. x-axis 3] l: XMIN=7?
15 [Minimum (profile) x-value XMIN [ ] XMAX = ?
16 |Maximum (profile) x-value XMAX L] XINC = ?
17 |Profile x-increment XINC [ ]
18 ]Observe printout of: station :] l:j X =
vertical field anomaly [:l |:I BZ =
total field anomaly [ BT =
19 |Call plotting subroutine if required |:| BZMIN = ?
Lower limit for Y-axis B; (MIN) L] @ BZMAX = 2
Upper limit for Y-axis B, max)| [ ][R/S] BTMIN = ?
Lower limit for Y-axis Br (v [ ] BTMAX = ?
Upper limit for Y-axis Br max)| [ ]
Observe the two plotted profiles [ L]
20 |Resultant magnetisation printout [ ] J, 1,D RES
21 |To obtain Bp, azimuth of resultant magnetization
I
[ 1]
Profile recomputation with changed inputs: l:] L_l
If complete new data [j F =
If same geomagnetic data only l___l M No.of sides 3
If different remanence I:] JREM =
If different B [ ] E BEARING =
If different profile limits [ J[E 1 [xuiN=>
If different plot parameters [ ][ ] BZMIN = ?
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MAGMOD X
TWO DIMENSIONAL BODY WITH POLYGONAL CROSS-SECTION

Worked example MAGMOD X

{arbitra
-x xz0 position +X

{(x4,24)

~ -]

TN MN

IND. F=58,0007 (nT}
J=kF =587
[=-65°
D=11°

NRM.JNpM =100 7
Inpm=80°
DngM = 125°

RES. Jpes = 5167

k=0-001 IRgs = 62:8°

Dges= 533°

N vertices: (xj.zj) Sw €
) iZ)
N:7 here Schematic PLAN

ELEVATION {looking south west)

§§( -400m ~200m x=0 +200m +600m 'i:l

. -

{0,200) —2:200m

Remanently magnetised
two dimensiona!l asymmetric
folded horizon
N=7

—z=500m

(-400,700)

{300,7000) © — Z=1000m

Magnetic anomalies are calculated by superposition of MAGMOD IX fields for
N sloping steps, such as the semi-infinite steps A-G shown above. N
vertices (xj,zj) are numbered in a clockwise sense from an arbitrary
starting point. The steps make a positive contribution for increasing z
and negative contribution for decreasing z. N 1s limited only by storage
capacity, but computation is slow for N > 7 and N = 10 is the feasible

limit. The position of the principal profile origin, x = 0, is arbitrary.

gl
oy wo B
: Bl w
IK: IT;-J
i u w 1 ] I*
.LI piss
v o
=4 o &=
[an% u
. “
~
O = W
— -
D e e o W
= P x ] - s e e .
— (] Lo P < <3 ] ] CEOCH) VED Gy O 05 oE
| &} I'., ] " [~ W} B~ T ) l‘““' i X un E = I i -~
&= ", E -T 1 — oy = T R I §
- P
< W o [V~

37

#3=198.4
]

#4.8
k.8

oy




38 EMERSON ET AL

MAGMOD X 2D body with polygonal cross-section

Magnetic anomalies are calculated by superposition of MAGMOD IX fields for
N sloping steps. N vertices (Xj,zj) are numbered in a clockwise sense from
an arbitrary starting point. The steps make a positive contribution for

increasing z and negative contribution for decreasing z. The position of

the principal profile origin, x = 0, is arbitrary.

EQUATIONS (refer to MAGMOD IX; d = dip of step face)

2. 2
(x=x441) +zj+1]
2. 2
X-X,) + z,
( XJ) ZJ

j=1 to N-1: ABi = J sin dj{(C7/2)ln[

X~X . XX .
+ Cs[tan—l(—;rjil) - tan_l(*;—l)]}

jtl ]
(x—x1)2+z§
j = N: OB,= Jsin d_{(C,/2)1n [ 1
i n 7 (x-x )2+ 2
N’ 72N
X—X X-X
+ Cs[tan-l( 1) —tan_1 ( N)]}
z, zy

z, .-z,
d. = tan_l(—it%g—l) for dj: 09-9009,

if djnegative, add 1800 (=1 to N-1)
i il

z. ~Z
_ -1,"1 °N

dN = tan (x —
N 1

Yfor dN: 00—900; if dN negative, add 1809
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NOTES ON INCORPORATING ANISOTROPY AND DEMAGNETISATION

EFFECTS INTO MODELLING

For a more detailed discussion with worked examples see Emerson and Clark

(1982-3) unpub. ASEG course notes

CASE A - Low susceptibility (major susceptibility < 0.01)

Demagnetisation is unimportant

~ ~

(Al) ISOTROPIC SUSCEPTIBILITY k : Jp = Jyyp + Jygm = KF + Jygy

(A2) ANISOTROPIC SUSCEPTIBILITY (principal susceptibilities kj>kp>kg)

~

* J1ND is not in general parallel to F

* Need to resolve F along principal susceptibility axes, calculate

EIND = (lel,kze,k3F3) and convert to x,y,z components (geographic axes)

—~

* calculate JR = JIND +J

NRM

CASE B - High susceptibility (k;> 0.01)

Demagnetisation may be important. We therefore need to consider
magnetisation components resolved along the body axes, in order to make
demagnetisation corrections.

(Bl) ISOTROPIC SUSCEPTIBILITY k : SVR = KF + INRM
* Resolve ER along body axes a,b,c
* Apply attenuation factors 1/(1+kNi) to obtain Ji' from J;
(i=a,b,c)
* Convert to Xx,y,z axes to obtain 3%' (demagnetisation—corrected

magnetisation
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(B2) ANISOTROPIC SUSCEPTIBILITY — PRINCIPAL SUSCEPTIBILITY AXES PARALLEL TO

BODY AXES

* Resolve F and JNRM along body axes a,b,c (=x7,%x5,%3)
* Calculate [kaFa+(3hRM)a]/(l+kaNa) etc. to obtain components of
demagnetisation—corrected vector with respect to body axes

* Convert to X,y,z axes to obtain JR'

(B3) ANISOTROPIC SUSCEPTIBILITY ~ PRINCIPAL SUSCEPTIBILITY AXES NOT PARALLEL

TO BODY AXES

NOTES

)

(2)

3)

* Choose the body axes (a,b,c) as the co-ordinate system

* Calculate the susceptibility tensor elements kij (i, j=a,b,c)

* Work out the components Fi and (EERM)i (i=a,b,c)

* The demagnetisation-corrected components are given by the matrix
equation 3%' = A—1 {KE + EﬁRM}’ where A = I + [kiij] and X = [kij]
(i,j = a,b,c). 3%', § and ENRM are column vectors.

* Convert to X,y,z axes to obtain JR'

The demagnetisation corrections are exact for ellipsoids, but are only

approximate for tabular bodies (refer to Emerson and Clark 1982-3).

It is essential to ensure that the susceptibility anisotropy axes

(ka b c) are mutually orthogonal prior to any analysis.
b} ’

For dipping tabular 2D bodies of the thick and thin sheet type:

(1)

MAGMOD VIII can be used for weak isotropic susceptibility and
remanence, because it covers MAGMOD VII as a special case.
Alternatively, if anisotropy and demagnetisation are important,
the resultant magnetisation may be calculated using VECT. MAGMOD
VIII can then be used by setting k = 0 and regarding the resultant

magnetisation as a pseudo-remanence.
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(ii) MAGMOD VIIIA can be used for large isotropic susceptibility (when
demagnetisation becomes important) + remanence.
(iii) MAGMOD VIIIB takes anisotropic susceptibility, remanence and

demagnetisation into account.

%) Program VECT calculates the resultant magnetisation vector
(approximately corrected for demagnetisation) for a 2D sheet, given
anisotropic susceptibility and remanence.

(5) Program VALG (vector operations) calculates the resultant magnetisation
for isotropic susceptibility and remanence, when demagnetisation is not

important.

Fig 1 2D Tubular Body: The effects of demagnetisation, remanence and susceptibility anisotropy on the resultant magnesitisation vector.

The Figure depicts a thin 2D sheet (= 14.14 m, 2b= 20 m) model and demonstrates how remanence, demagnetisation and anisotropy affect
resultant magnetisation: (a) Plan view of thin sheet striking NW-SE. (b) Cross section —x to +x, SW-NE, showing dip of 135°, i.e. 45°NE.
(c) F=58000, k=0.1 cgs, 1= —65°, D=0°, no remanence; when demagnetisation is neglected the induced magnetisation is J, D, (8), 1
nominally: 5800y, 0°, (—45°), —65°; demagnetisation is significant here because of the very high k, when corrections are applied using vec-
tor operations program VECT the induced magnetisation is reduced in magnitude and shifted towards the plane of the sheet: J,, Dy, 15 :
3743y, —52°, —62° with 3, = —97°. (d) If k=0.001 cgs and strong remanence exists, say Q= 10 with L, =75° and Dy, =90°, then J. D,
I, : 58y, 0°, —65° and J, Dy I, : 580y, 90°, 75°; the uncorrected resultant (by program VALG) is Js D Ie : 530y, 81°, 73° with
8. =81° —45°=36°; the application of demagnetisation corrections, using VECT, gives Ju, Ds, I, : 529y, 80°, 73° with 8, =80° —45° =35°
(not shown in the Figure), so the demagnetisation shift is negligible, even though NRM is strong, because the demagnetisation is operating
through a moderate susceptibility. (¢) With a highly anisotropic susceptibility, maximum in the plane of the sheet, say k’s along strike (k.),
down dip (k,) and normal to sheet (k,) are 0.12, 0.12, 0.06 cgs respectively then bulk k=0.1 and anisotropy=2.0, if NRM =0 and
demagnetisation corrections are applied with VECT then J,, Dy, L, : 4015y, —69°, —56° with 8, =114°. (f) If the thin sheet has anisotropy
as in (e) and an intense NRM horizontal to the east Jy, Dy, Ly : 10,000y, 90°, 0° (8, =45°) then neglecting the effects of anisotropy, i.e. let
k.=k,=k.=0.1=k, and neglecting demagnetisation gives an uncorrected resultant magnetisation Jx, Dx, Iz : 1158y, 76°, ~27° (8,=31°)
using VALG, but taking anisotropy and demagnetisation into account, using VECT, gives J,,, Dy, I, : 7041y, 92°, —15° with 8,=47°,
showing clearly the deflection of the magnetisation, by the shortest route, towards the plane of the sheet. (All magnitudes and angles in this
caption have been rounded oft.)
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2D TABULAR BODY : THE EFFECTS OF DEMAGNETISATION,
REMANENCE AND SUSCEPTIBILITY ANISOTROPY ON THE
RESULTANT MAGNETISATION VECTOR

( Note demag. corrections approximate )

(a) (b)

-®

SwW

(c) (d)
TN=MN X

B=-45°

+X (f)

+X
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User Instruetions
VECT : RESULTANT MAGNETISATION CALCULATION USER mode
‘1 taking account of isotropic or anisotropic Z} DEG mode
g susceptibility, demagnetlsa';}llc;relt(approx.), and SIZE 049
STEP INSTRUCTIONS DATAUNITS KEYS DATAIUNITS
1l Initialise program F=
2 | Input magnitude of geomagnetic field F |: D=
3 | Input declination of geomagnetic field D I:] 1=
4 | Input inclination of geomagnetic field I |:| BEARING =
5 | Input bearing of magnetic north (w.r.t.+x axis) B l:' IE ISOTROPIC ?
6 | If susceptibility is anisotropic, input 0 and [:‘ [:] <0,1>
proceed to step 10 0 [ J[R/S Ka =
7 | If susceptibility is isotropic, input 1 1 l:] K =
8 | Input isotropic susceptibility k |:] REM ? <0,15
9 | Go to step 19 l:] [:
Note: check that k axes are orthogonal I:] [:]
10 | Input magnitude of maximum susceptibility kg 1_—_] R/S D=
11 | Input declination of maximum susceptibility Da I:] @ I=
12 | Input inclination of maximum susceptibility Iy ] Kb =
13 | Input magnitude of intermediate susceptibility ky D D=
14 } Input declination of intermediate susceptibilit Dg [:' I=
15 | Input inclination of intermediate susceptibilit Iy :l Kec =
16 | Input magnitude of minimum susceptibility K¢ [: D=
17 | Input declination of minimum susceptibility D. |:] I-=
18 | Input inclination of minimum susceptibility Ic :} REM ? <0,13
19 | If remanence is not to be considered, [:] I::l
input 0 and proceed to step 24 0 [—___—! DEMAG <0, 17
20 | If remanence is to be considered, input 1 1 [:] JREM =
21 | Input magnitude of remanence vector JRRM l:l [:l IREM =
22 | Input inclination of remanence vector Inrm |:] [:I DREM =
27 | Input declination of remanence vector DNRM |:l [:I
24 | 1f demagnetisation is not to be considered, l:' [:]
input 0, resultant magnetisation 0 |:| J RES =
is then calculated and printed |::| ‘_—_—j etc.
25| If demagnetisation is to be considered input 1 1 ] [ ] DIP =
26 | Input dip angle of sheet d [ ] INF ? <0,13
27 | If sheet is of infinite length down dip input (1] ]
1 and resultant magnetisation is printed 1 K:] R/S JRES = etd.
28 | If sheet is of finite length, down dip, input O] ¢ [—_—l L=
29 | Input sheet length i.e. down dip depth extent L [ ] IL—[_S_] T =
30 | Input sheet thickness. Resultant magnetisation| ¢t :' J RES =
incl. demag, is then calculated and printed L] (1] etc.
To re-run with new data - press A, with new k - fgress B, [_J [:l
with new NRM - press C, with new demag. variablg- press D. [ ] [ |
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User Instruetions

MAGMOD VIIIA : DIPPING 2D TABULAR

BODY

1 THICK OR THIN SHEET Z’ USEE $832
INDUCTION, DEMAGNETISATION (approximate), REMANENCE SIZE 044
STEP INSTRUCTIONS DATAUNITS KEYS DATAIORITS
Load cards, run program F=
Subsequent steps as for MAGMOD VIII |:] M
[ R
MAGMOD VIII B : DIPPING 2D TABULAR BODY e.g. Thin Sheet or g USER mode
Thick Sheet. DEG mode
DEMAGNETISATION (approx.), ANISOTROPIC SUSCEPTIBILITY, SIZE 059
REMANENCE
STEP INSTRUCTIONS DATAUNITS KEYS DATAUNITS
1 Load cards, run program B F =
2 | Geomagnetic field magnitude F ] I=
3 | Geomagnetic field inclination I :] D=
4 | Geomagnetic field declination D ] INF ? <0, 13
S5a| If finite dip extent thick sheet or thin sheet 0 (zero) D H1l =
5b| If infinite dip extent thick sheet or thin sheed 1 [ Jlrss] |m1-=
6 | Depth to sheet top (a) finite body hq L] H2 =
(b) infinite body (go to 8)| hy [ ] THICKNESS 3
7 Depth to bottom of sheet hz [: THICKNESSS
8 | Breadth (horizontal) of sheet (2b = t cosec d) 2b ] @ DIP =
9 Dip angle of sheet (d # 0° or 180°) d I:l [_R‘sz Ka =
10a | Input magnitude of maximum susceptibility ka [: D=
10b | Input declination of maximum susceptibility Da :l 1=
10c | Input inclination of maximum susceptibility 1a [:] [E Kb =
10d | Input magnitude of intermediate susceptibility Xp lj D=
10e | Input declination of intermediate susceptibility Db [ ][Rr/s I=
10f | Input inclination of intermediate susceptibility Ip ] Kc =
10g | Input magnitude of minimum susceptibility k. [:l D=
10h | Input declination of minimum susceptibility D. I:l I=
10i ] Input inclination of minimum susceptibility 1. |:| REM ? <0, 1
Notes (i) susceptibility axes must be orthogonal |:[ I:]
(ii) if isotropic susceptibility use MACMOD VIII A :l |:] ]
or insert ka =kp = k¢ with orthogonal L]
axes e.g. 0,0; 0,90; 90,0 can be DI 10 ]
1l1a ] Remainder of instructions same as MAGMOD VIII [j [:
except RCL 31 to view BR (step 22) ‘—_—] :]
LI ]




Use of MAGMOD VIIIA
for case (c)

DEMAGHETISATION
CORRECTION

[

411

233%
¥=-58, Gane
BZ=-117. 6795
BT=35.6112
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Use of MAGMOD VIII B
for case (c¢)

(RCL 23) B, =

-97. 648 P
EZ
AIH=-903, HO¥ =R

1
|
fh]

v

[ U N ~
n

i# # Ka=8, 108a
158, D=8, gaad
268, =, aapa

Use of VECT for case (f)
to obtain resultant
magnetisation corrected
for aniso. & demag.

m
]
pac
%

)
=
. 4
o)
P
1l
.k,J
]
IR
=
ih
»s]

HIH=-2

et
1
]
S
[

-18@, =
58, s /o=@, 1604
g, [=98. pann o e
56, : 1=4, 838R F=>8, A0, BaRg
W . Ii=4, Bh@e
158 BEARING=-45, 4AR0 1=-£5, Baaa
‘.-Lj,

MACMOD VIII B =-65. 885 k3=, 1207
PLOT Bane B A

DEMAGHETISATION
CORRECTION

(RCL 31) 8 =

-97. Ba4u 2 3

1 b

B, 1
B R -
+

BEARING=47.122¢

R L0

Do -~

[ I

oL
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Use of MAGMOD
for case (e)

F=52,808, Baas
I=-65, BaRe
=, Aoaa

Hi=104. aage
THICKHESS=28, R
BIP=1323. 0004

Ka=0.1288
li=-45. kana

BEARING=-45. pap8

J RES=4,696, 0359
I RES=-63.7132
I RES=-45.46%7

BEMAGNETISATION
CORRECTION

| RES=4.015,2981
E 53. 5188
RES=-58.8258

I
!
X=-1448.Aaan

BZ=-184.7951
BT=-38,2283

#=-34, GAaR
B7=-483,9453
BT=225.6642

4=9, Boan
BZ=-842.7985
BT=621.4085

#=56. 2008
BZ=-866. 2867
BT=771.3483

¥=108, 9aaa
B2=-662.2184
BT=654.7386

¥=150, anan
BZ=-481.3188
BY=588,772¢

¥=204, ABA0
B7=-368.679%
BT=399.35351

J REG=4,815. 294!
I RES=-35.53182
B RES=-68.8252

-113.8258

BZ

MIN=-988. Hix=-188.

!
-1u8,
-54. :

o
-

a8, =

iRa. z

58, =
268,

p—

BT

MIN=-38, LIThEHL

x

L~

-188,
3

o
[~ < <)
i

[ e
[ 0 |

-~

"

"
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Use of MAGMOD VIII B

for case (f)

Hi=19@, gaae
THICKHESS=28, BaRa
DIF=135, aa8d

1 PEF . 698
ARAR

BERARING=-45. pand

JRES=9.612.04%
I RES=-25.9504
I RES=00.2818

DEMAGHETISATION
CORRECTION

J RES=7.841, 1352
I RES=-14.7231
D RES=92.132¢

-IGH anaR

#=8. BBRB
B7=365.7291
BI= 896.2148

#=50, pepa
BZ=-56.1538
BT=-323.5968

#=108. ngae
BZ2=-35%6.3984
BT=43, 9483

X=134, hean
BZ=-417.4188
BT=181.5893

¥=269, 8609
BZ=-399.97%4
BT=217.6427

I«

J RES=7.84
I PEq— 1 o

BZ

MIH=-4358. WaE=i,

1
e

G-

[}

PR~ B~~~

Pl bk b
P B (R
T
"

BT

MIN--1, 208, NARS2SE.

IEI

-188,

S

1

o
D S

v

B~

[l b i
[~ s R
=~
M

(=~



MAGNETIC EXPLORATION MODELS

ELLIPSOID NOTATION

(Refer to diagrams and formulae, and to variables defined for previous

MAGMODs )
Q: intersection of axis of revolution with xy plane
(prolate and oblate)
Q': intersection of down-dip b axis, extended to the
surface, with the xy plane (oblate only)
a,b,b: semi—axes of ellipsoid; 2a = diameter of ellipsoid
along axis of revolution, 2b = diameter in equatorial plane
31,62,33: unit vectors defining body axis co-ordinate system
zi,mi,ni: direction cosines of 31 (i=1,2,3) with respect to Xyz aXes
X) X9 ,X31 co-ordinates of observation point P with respect to body axes
T directed distance from ellipsoid centre to observation
point P: |;|2 = rz = x.2+h2 = xi + xg + x§
A an ellipsoidal co-ordinate, the larger root of the
equation xi /(a2+ A) + (xi + xg)/(b2+x) =1
A positive square root of the discriminant of the above
quadratic equation for A
QN,mN,nN: direction cosines of NRM vector, 3&, with respect to Xyz axes
ky,ky,k3: prindipal susceptibilities (k; » kp > k3)

31,32,33: unit vectors parallel to major, intermediate and minor

susceptibility axes respectively. Susceptibility
measured along u; is ky (1=1,2,3). If susceptibility is

3 A i
isotropic ki = k and Gi = vy, for all i.

kij: components of susceptibility temnsor with respect to body axes.
A
Ay azimuth of uj, measured positive clockwise from the +x axis
N
FE plunge of uy
A
Ly,Mj,Ny: direction cosines of u; with respect to xyz axes

L; = cos a, cos 61, M, = sin a, cos Gi’ N, = sin 84
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demagnetising factor along axis ot revolution

demagnetisiug facioi in equatoriai plane

Prolate ellipsoid of revolution

a:

b,b:

a:

major semi-axis

minor semi-axes (b < a)

azimuth of plunge of revolution axis (angle measured
positive clockwise from +x axis to horizontal projection
of downward-directed revolution axis)

plunge of revolution axis, i.e. the angle between the
revolution axis and its horizontal projection.

directed in upward sense along revolution axis, i.e.

A
antiparallel to plunge of revolution axis. v, has

1
azimuth o-180°, plunge -§.

orthogonal to 31 within vertical plane and directed in
upward sense, i.e. 31 and 32 define vertical plane with
strike a. 32 has azimuth a, plunge §-90°.

orthogonal to 31, 32 (33 = 31 X 32). 33 has azimuth

a~90° and is horizontal (plunge = 0°)

Oblate ellipsoid of revolution

a:

b,b:

minor semi-axis, parallel to revolution axis
major semi-axes (b > a), lying within equatorial plane
dip of equatorial plane
down-dip azimuth of equatorial plane, measured positive
clockwise from +x axis.
parallel to rotation axis, in upward sense; azimuth =
a, plunge = §-90°

A A
orthogonal to Vs lies in vertical plane containing v

1

and has upward sense; azimuth = a + 180°, plunge = -§.

A A A A A
orthogonal to vy, vy (V3 = Vv] X vp); azimuth = o + 90°,

plunge = 0° (horizontal)
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FORMULAE - PROILATE ELLIPSOID OF REVOLUTION

Body axes
A
= (- § - §. - =
vy (-cos a cos §, -sin a cos §,-sin §) (21, m nl)
"~ . -
v, = (cos a sin §, sin a sin 8, ~cos §) = (22, w, n2)
A . _ -
v3 = (sin o, -cos a, 0) (23, m3, n3)
Co~ordinates with respect to body axes
¥X; = h sin § - x cos a cos §
Xy, = X cos a sin § + h cos §
Xy = X sin a
Ellipsoidal co-ordinate A and its spatial derivatives
R A O O EI OGS TSI oS e
A= (2 - &k - b2 A2
Bk/axl = Xl[l + (r2 —a2+b2)/A]
3A/3x2 = x2[1 + (r2+a2—b2)/A]
ax/ax3 = x5[1 +(r2+a2—b2)/A]
Demagnetising factors
2 2
]
N, = 4mab {log [(g _1)1/2 + a/b] - (1—b2/a2)1/2}
1 2 .2.3/2 e 2
(a -b") b
] ]
Ny =27 - N /2

Susceptibility tensor

k.,,=LZk (LL&+Mn+Nn ) ((LL+Mm+0Nn,)
ij r r ri ri ri r j rj r j

(r =1,2,3)

Matrix K = [k ]
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Field and NRM components with respect to body axes

F
Column vectors ? = Fy
Fy

Iy

o= |@w2

)3

Fi = F (9;21 + mm§ + nni)

(JN)i = JN (lNRi + mm, + nNni)

Resultant magnetisation with respect to body axes

~

JR = KF + JN (uncorrected for demagnetisation)

L+knN koM ksl

A=1I+KN-= k12N1 1+k22N2 k23N2
k138 kpsNy 1+kgsly

~' -1~

Jp = A Jg (demagnetisation-corrected)

(all vectors are column vectors; A, I, K, N are 3x3 matrices; I is the
identity matrix; N is the matrix of the demagnetising tensor, which is

diagonal with respect to body axes)
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Anomalous field components with respect to body axes

J,x J.x, + J X
£, = 2rab” | é/; 2 .t 2 21/2 T
@322y (a2 (b2+1)2
PO R o i €S D T Ol STt
272 b2)3/2 (5241 1/2 2oy
2 2,2 2 2.1/2 2. ..1/2
4nab 1/2 (a =-b )" """+ (a"+r\)
AB,= (3A/3x,)f, + J {[ ] - log [ 1}
1 1 (a 132)3/2 17220 € (b2+>\)1/2
BB, = (N/3x,)E, +J, £,
BBy = (3M/0x)E, + I, £,

Anomalous field components with respect to xyz axes

AB, = ABlll + ABZQZ + AB3R3
ABy = A]?’]_m:L + AB2m2 + AB3m3
ABZ = ABln1 + Aan2 + AB3n3
8By = 0B, cos B + ABy sin B

= + A i
ABT ABH cos 1 BZ sin I
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FORMULAE - OBLATE ELLIPSOID OF REVOLUTION

Body axes
31 = (cos o sin 6, sin a sin §, -cos 8) = (ll,ml,nl)
A . s —
v, = (-cos o cos 8, - sin a cos §, sin §8) = (Rz,mz,nz)
~ . _
vy = (-sin a, cos a, 0) = (23,m3,n3)

Co-ordinates with respect to body axes

x, = x cos o sin § + h cos §
X, = h sin § - x cos a cos §
X, = X sin a

3

* Formulae for A and its spatial derivatives are identical to those for

prolate ellipsoid.

Demagnetising factors

N = 4map? [((bz—az)l/z_ can”! gbz—azzl/z)]
17 2232 a a

t 1
N, = 2% - N1/2

* Computation of susceptibility tensor, field and NRM components with
respect to body axes and resultant magnetisation with respect to body axes

proceed identically to prolate case.



MAGNETIC EXPLORATION MODELS 53

Anomalous field components with respect to body axes

f, as for prolate ellipsoid

_ 2map’ [(b2=a?) (aPrr) 1/ -1, pP-a? 172
£y 72372 | 2 - tan ( > )
(b"-a") b +A a“+r
2 2 21/2 2 21/2
4 ' - -
BB, = (3M/3x)E + __E_I§E§7§.Jl [tan = (222, - (__EE_E_) ]
(b"-a") a +A a +A
1
8B, = (A/3x,)f, + J, £,
1
AB3 = ('c))‘/3x3)f1 + J3 f2

* Anomalous field components with respect to xyz axes as for prolate

ellipsoid

User Instruetions Refer to next page ~

MAGMOD XIA PROLATE ELLIPSOID OF REVOLUTION z}

STEP INSTRUCTIONS DA‘II'P:\FI’S:I-ITS KEYS DI?TLx/rSLhJI;rTS
Upper limit for Y axis Bz (MAX) [:::] [};Ea BZMIN = ?
Lower limit for Y axis BT (MIN) Ij BT MAX = 7
Upper limit for Y axis BT (MAX [:;;:]EEQ&J
Observe the two profiles plotted L] [;;:]

21 |Resultant magnetisation calculation [ 1lg | J,1,D RES
22 |To obtain BR azimuth of resultant magnetisation %JMH% Eéé% BR
Profile recomputation with changed inputs [:::] [:;;]
If complete new data [ Jla ] F =
If sam; geomagnetic data only [:::] [E::j DEPTH =
If different remanence [::j] [E::] J REM =
If different B [ IIbp | | BEARING=
If different profile limits [::::][ji::] XMIN = ?
If different plot parameters %4f~% %:;% BZMIN =7
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User Instructions

{1 MAGMOD XI A: PROLATE ELLIPSOID OF REVOLUTION Z’ User Mode
= DEMAGNETISATION, ANISOTROPIC Deg Mode
S SUSCEPTIBILITY, REMANENCE Size 059
STEP INSTRUCTIONS DATAUMTS KEYS DATANITS
1 |Load cards, run program B&ii:][ IfTA ] F=
2 | Geomagnetic field magnitude F [:::] [EZS] I=
3 |Geomagnetic field inclination I [:::] [§2§] D=
4_] Geomagnetic field declination D E:::][:ﬁzgj DEPTH =
5 |Depth to ellipsoid centre h [::::][:EZS] PLUNGE =
6 |Plunge of major axis § [:::j [EZE] AZIMUTH =
7 |Azimuth of plunge axis o [:::][:EZE] a=
8 |Major semi-axis of ellipsoid (axis of revolution) a [:::] R/S b=
9 |Minor semi-axis of ellipsoid b [:::] [EZS] Ka =
Observe ellipsoid volume [:::] [ ]
10a] Input magnitude of maximum susceptibility kg [:::][iﬁlgj D=
10b| Input declination of maximum susceptibility Dy [:::j [EZE] I=
10¢| Input inclination of maximum susceptibility Ia [:::] [EZS] Kb =
10d] Input magnitude of intermediate susceptibility kp [::::][:EZE] D=
10e| Input declination of intermediate susceptibilit}y Dy [::::][j@[g] I=
10f] Input inclination of intermediate susceptibility Iy [:::] EEZE] Ke =
10g| Input magnitude of minimum susceptibility kc [:::] [EZS] D=
10h] Input declination of minimum susceptibility Dc [::::][ji[é] I=
10i}Input inclination of minimum susceptibility Ic [:::] [EZE] REM ? <0,1>
Notes (i) susceptibility axes must be orthogona [:::] [:::j
(ii) if isotropic susceptibility, insert [:::] [:::]
ka = kp = k¢ with orthogonal axes 10 ]
e.g. D,I: 0,90; 0, 0; 90,0 LI ]
11a] If remanence absent (go to 15) 0 [:::j [EZE] BEARING =
11b] If remanence present 1 [:::][:R/S JREM =
12 |Remanent magnetisation magnitude JREM [ 1[rss] IREM =
13 |Remanent magnetisation inclination IREM [:::] [R/S DREM =
14 |Remanent magnetisation declination DREM :I BEARING =
15 {Azimuth of magnetic north w.r.t., + x axis B [ J[Rr/s XMIN = ?
Observe demagnetisation factors Na [i:::][:::] N1 =
Nb = Nb [ 1L} [ 2=
16 |Minimum (profile) x value XMIN [:::] Li@éﬂ XMAX = ?
17 |Maximum (profile) x value XMAX [ J[rss] [ xmnc=2
18 ] Profile x increment XINC [ 1[rss] |
19 |Observe printout of: station [:::] [:::] X =
vertical component anomaly [::::][:::] BZ=
total intensity anomaly [:::] [:::] BT =
20 |Call plotting subroutine if required L_AAJ LILAJ BZ MIN = ?
Lower limit for Y axis Bz (MIN) [ ] rR/_ BZ MAX = ?

< User instructions continued on previous page
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Prolate ellipsoid
example c+d

MAGMOD XI A

PROLATE ELLIPSOID OF REVOLUTION

[=-&5.8
Bl-ve here) M (obse}:v tion I=18.8
0 /POl +x  acpitrary azimuth principal
T~ _fa-180° profile over ellipsoid centre BEPTH=258.8
T , . PLUNGE=45. 9
.y Q (ox_is_lriersechon with x y plane) A7IMITH=276.8
& . 3=175.4
axis plunge azimuth b=75.8
h 3.
— VoL=4,123.340. 4
{depth fo centre] Auxiliory axes, body
co-ordinate system i - _
V2 ’ e Ka=f, 126004
" B=99.8
=f. 8
Prolate ellipsoid of revolution 1=8.8
Plunge a:major semi axis of revolution
dire(hgon b,b : minor semi axes (b <a) ¥b;§él?8595
=138, 8
WORKED EXAMPLE: _ MAGMOD XIA 1=6.8
Including demagnetisation, susceptibility anisotropy, remanence
PLAN IN MN Principal profile (here Kc=8,A2888
. ) +X normal to major axis 1=6.@
Plunge axis {projected) but not necessarily so) .
strike 315° [=90.8
’ Induction : F=60,000 ¥(nT},D=10°% 1=-65° .
v i {a) Isotropic k= 0001 cgs J =607 d REH’L}’EGB'F
vy (projected) -4
AN o an® {b) Isotropic k=0-1cgs J=60007 1 REM=98.8
N o -180°=90 +demag. important I REM=8.8
/\\ (c) Anisotropic k & unit axes (D,1)
N , ky:012 cgs, Uy : 090° 0° S
i v, (projected) . . kp: 010 cgs, 7 : 1805, 0° BEARING=-35.8
a=270 kq:0-08 cgs, G3: 0990° mar
+demag. important Ni=1.8385
Remanence: N2=5,3639
X {d) Jypm 120007
Ongm 0° %=-188.8
Ingy +90° B2=2,128.58
BT=-1,698.1
ELEVATION looking NE in +x direction
x [into page) #=-38.8
GL NW 0 SE B2=2,221.4
P I 4
:Y \:///lgz 45° BT=-2,686.1
h=250m ! ®
' %=8.4
Body oxis system,unit vectors B7=1,117.2
¥,:090%-45°(0,1w.rt +x oxis) BT=-.3;26é.6
b=75m vy 270°, -45°
¥5:180° 0° ¥=58.8
0=175m A % B7=2,468. 1
¥4 lout of page} BT=-2.943.8
K=188.8
when computing azimuthal BE=1.-484_;.@
traverses with varying B BT=-2,866.5
remember that o will " LT - - W
change from case to case w = = . ¥=158.4
:‘: , :',IL BZ=784.3
« o g - _ BT=-1,225.5
st = )
Ill " ¥=208.8
~ . " = , BZ=245.7
« R R T Tt Tk Bk T M 4 4 . . . . BT=-632.9
o0 o] [~ R s R i ] ™~ P I~ =~ I =]
& mi ERTREERR L) S5 TS=ESR
. ! [V ' =5, 968, 5
O
=4

r=0l, 988, 2
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User Instruetions

OBLATE ELLIPSOID OF REVOLUTION

MAGMOD XI B : User Mode
‘1 DEMAGNETISATION, ANISOTROPIC Deg Mode
I SUSCEPTIBILITY, REMANENCE Size 059
STEP INSTRUCTIONS DATAUMITS KEYS DATANITS
1 Load cards, run program 5(@ @A:G;ﬂ B| F=
2 Geomagnetic fie:d magnjtude F [,,77,] E@ I=
3 | Geomagnetic field inclination I [7:,7] MJ D=
4 | Geomagnetic field declination D [ JT[R/S] DEPTH =
5 | Depth to ellipsoid centre h [ J[r/S PLUNGE =
6 Plunge of major axis 8 L, ] H{ZSJ AZIMUTH =
7 1 Down dip azimuth of equatorial plane o [ ]I[r/s ] as=
8 | Minor semi-axis of ellipsoid (axis of revolutioh) a [ ]IRrR/S ] b=
9 | Major semi-axis of ellipsoid b CJ @/S} Ka =
Observe ellipsoid volume EW] [rij VOL =

10a ] Input magnitude of maximum susceptibility Ky L] hgéi] D=

10b } Input decliinatien of maximum susceptibility Dy Lfii] Mj 1=

10c | Input inclination of maximum susceptibility I, [7] W/Sj Kb =

10d | Input magnitude of intermediate susceptibility kp rij LB:ZQ D=

10e | Input declination of intermediate susceptibilit Dy, Evj @ 1=

10f | Input inclination of intermediate susceptibilitly  Ip L] @i] K¢ =

10g | Input magnitude of minimum susceptibility ke [‘j E/S l D=

10h | Input declination of minimum susceptibility Dc Ej E{M I=

10i | Input inclination of minimum susceptibility Ic [:7] [R@j REM ? <0,1>

Notes (i) susceptibility axes must be orthogongal E;] rl
(ii) if isotropic susceptibility, insert [ 1L ]

k, = ky = k. with orthogonal axes [7] [ﬂ, |

e.g. D, I: 0,90; 0, 0: 90,0 1L )

lia]| If remanence absent {go to 15) 0 [ 1[r/s ] BEARING =

11b ]| If remanence present 1 ij lLVST JREM =

12 Remanent magnetisation mangitude JREM l:j L?LSj IREM =

13 Remanent magnetisation inclination IREM [ ) |7@:Sj DREM =

14 | Remanent magnetisation declination DREM [ T{r/s ] BEARING =

15 Azimuth of magnetic north w.r.t. + x axis 2 rf7 IEL_] XMIN =7

Observe demagnetisation factors Na 1 ] Ny =
Nb = Nb N I P

16 Minimum (profile) x value XMIN [ ) WJ IM] XMAX = ?

17 ] Maximum (profile) x value XMAX [ 1lrss] XINC =7

18 | Profile x increment XINC L] [RLSL?

19 Observe printout of: station L,I If,:J X =
vertical component anomaly [:] l::] | BZ =
total intensity anomaly L] [;,7' BT =

20 Call plotting subroutine if required Li,l [Fi} BZMIN =7

Lower limit for Y axis Bz (M1 [ |Ir/S] BZMAX = ?

remainder of USER INSTRUCTIONS as for previous model
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MAGMOD XI B
OBLATE ELLIPSOID OF REVOLUTION

Extension to surface
of\ down dip b axis

Strike of equatorial plane Al Cle here) __»MN
/./( Hextended to surface) P
7 —— O T ‘f;' p *X  Arbitrary azimuth

principat profile

Ty

. a0
S (intersection of axis of revolution,

/, with x,y plane)

.y

co-ordinate system
Ellipsoid equatorial
plane haos dip 6 to

(down dip) azimuth «

Oblate ellipsoid of revolution,axes a,b.b
a: axis of revolution,a<b

Auxiliory oxes, body

WORKED EXAMPLE : MAGMOD XIB
Including demagnetisation, susceptibility anisotropy, remanence

TN MN

PLAN
T Worked examples :

Induction and remanence
data asfor MAGMOD X1A

2
(projected)

ELEVATION tooking NW

+x [projected)
GL  SwW Q' Q NE

A 7
\({6-1.5 hezsom /7
! .

Body axis system, unit vectors

Vo1 200°, -45°
;3: 110°, 0°

92 v

v3 (out of poge)

¥,:020%-45°(0,1 w.rt. + x oxis)

when computing azimuthal
traverses with varying B8
remember that o will

change from case to case =

* =
M [
] 1
[~ 1}
— o
[ - » [
g u p
u 1
! s
=y .
l] = “ B
o .
ol w
gg ?? |x|Eu = EE gg i Eﬂ.g-cﬁ
] " =Ty [T
A I = P | et et ) Ei |I e
o W ' ' '
o

-x:- ‘1.' I.T\-.
LI i) 'Il

—r—

57

Oblate ellipsoid
example c+d

IiP=4
ﬂ’IH”TH 1H &
3=75.8

b=156. 8
YiL=7,868,582.5

K3=8, 120088
I=98.8
1=8.8
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2D ELLIPTIC CYLINDER NOTATION

(Refer to diagrams and formulae, and to variables defined for previous

MAGMODS. )

A A A

V], Vo, V3i

li’ ng, 0y

Xy, Xgi

s X}

intersection of major axis of elliptical cross~section with

the principal profile.

semi-axes of elliptical cross-section of infinite horizontal
elliptic cylinder; b = major semi-axis, c = minor semi-axis

(b > ¢c).

A
unit vectors defining body axis co-ordinate system; v is

A
along strike, parallel to + y axis; vy lies along major axis
of elliptical cross—section and is directed upwards; 93 lies

Pl A A
along minor axis; v3 = V] X Vy-

direction cosines of 01 (i =1, 2, 3) with respect to xXyz

axes.

dip of the principal section containing the major axis

(measured from —-x axis).

co-ordinates of observation point P with respect to body

A A
axes vy, V3°©

directed distance from centre of elliptical cross-section to

observation point P: |?|2 = r2 = x2 + h2 = x% + xg
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Az an ellipsoidal co-ordinate, the larger root of the equation
2 2
x2/(b + A) + x§/(c2 +A)=1.

Az positive square root of the discriminant of the above

quadratic equation for A.

lN’ My, Dyt direction cosines of NRM vector, Jy, with respect to xyz

axes.

ki k2’ k3: principal susceptibilities (k1 ? k2 > k3).

A A A

Uy, Uy, ug: unit vectors parallel to major, intermediate and minor
susceptibility axes respectively. Susceptibility measured
along ﬁi is ky (1 =1, 2, 3). If susceptibility is

A A
isotropic ki = k and uy = vy, for all i.

kij: components of susceptibility tensor with respect to body
axes.

A

oy azimuth of uy, measured positive clockwise from the + x
axis.

A
6yt plunge of uy-
A
Ly, My, Ny: direction cosines of u; with respect to Xyz axes
= = 5 = 6 .
Li cos o, cos 51, Mi sin a, cos 8, Ni sin {
Né : demagnetising factor along major axis.

N§ : demagnetising factor along minor axis.



60 EMERSON ET AL

FORMULAE - 2D ELLIPTIC CYLINDER

Body axes

A
vy = (s mp, ) = (0,1, 0)

A
vy = (22, m, , n2) = (cos 6§, 0, —-sin §)

vy = (23, @, n3) = (-sin &, 0, -cos §)

Co~ordinates with respect to body axes

Xy = X coOs § + h sin §

Xy = h cos § - x sin ¢

Ellipsoidal co-ordinate A and its spatial derivatives

b=t 4+ 0% - D207 - D - xg)fb
V2 TSI STy
3X/3x2 = x2[1 + (r2 - b2 + c2)/A]
/0%y = xq[1 + (e + b2 - c2y/n
Demagnetising factors
Né = 4nc/(b + ¢)
Né = 4nb/(b + ¢)
Susceptibility tensor
kij = E k| (eri + Moo+ Nrni)(Lrlj + Mrmj + Nrnj)

Matrix K = [k, ,]

ij
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Field and NRM components with respect to body axes

F J
. 1 ~ Uy
Column vectors F = F2 JN = (JN)2
7F3 (JN)3

Fy = F(224 + mmy + nni)

(JN)i = JN(ZNZi + mymy + nyny)

Resultant magnetisation with respect to body axes

-~ -~

Jg = KF + Jy (uncorrected for demagnetisation)

k N' 1
122 K3
A=TI+KN = : "
0 kyoly  ky3Ng
1] 1]
0 kyglNy  kyyNg
_1~

Jé = A JR (demagnetisation-corrected)

(All vectors are column vectors; A, I, K, N are 3 x 3 matrices; I is the

identity matrix; N is the matrix of the demagnetising tensor, which 1is

diagonal with respect to body axes.)

Anomalous field components with respect to body axes

1] 1]
2mbe e I T
£, 2 1, (3 o)
[(b° + M) + )12 v+ &+
2 1
4Tbe c” + AL
BB, = £, 0A/9x, - 25— g1 1 - (&)Y
2 1 272 _ 272 2 4+
2 1
_ 4mbe b™ + A%h
ABy = £30/3x, - = -1]

I3 I« )
232

Anomalous field components with respect to xyz axes

A = A § - A 8
Bx B2 cos B3 sin

AB -AB, sin 6§ - AB, cos §

z 2 3

AB AB B
4 x CO8

A = A + A in I
BT BH cos I Bz sin
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User Insiructions
1 MAGMOD XII : 2D ELLIPTIC CYLINDER (horizontal) Z> User Mode
DEMAGNETIZATION, ANISOTROPIC Deg Mode
SUSCEPTIBILITY, REMANENCE Size 052
STEP INSTRUCTIONS DATAUNITS KEYS OATAIONITS
1 |Load cards, run program IXET_] m F=
2 |Geomagnetic field magnitude F :l 1=
3 JGeomagnetic field inclination I :] D=
4 |Geomagnetic field declination D [ Jlrs | DEPTH =
5 |Depth to elliptic cylinder centre h [: DIP =
6 | Plunge of major b axis (dip positive anticlock- 8 [::::]{ﬁzgij =
wise from -x)} [ ] L]
7 [Major semi-axis of ellipsoid b ] =
Minor semi-axis of ellipsoid c I:I Ka=
1]
9al Input magnitude of maximum susceptibility ky L] D=
9b] Input declination of maximum susceptibility Da [:—l I=
9c|Input inclination of maximum susceptibility L [ Jlrss | Kb =
9d| Input magnitude of intermediate susceptibility ky L] D=
9¢e| Input declination of intermediate susceptibility Dy [:::][EZE:] I=
9f| Input inclination of intermediate susceptibilitf Ip [ Kc =
9g| Input magnitude of minimum susceptibility kc |:] D=
Oh| Input declination of minimum susceptibility Dc [ 1lr/s ] 1=
9il Input inclination of minimum susceptibility Ic I:] REM ? <0,1>
Notes (i) susceptibility axes must be orthogonal [:::] [ ]
(ii) if isotropic susceptibility, insert 0]
k, = kp = ko with orthogonal axes [0 ]
e.g. D, I: 0,90; 0,0; 90,0 I ]
10a] If remanence absent (go to 14) 0 L1 E&Ei] BEARING =
10b] If remanence present 1 |:l JREM =
11 |Remanent magnetisation magnitude JREM i] IREM =
12 | Remanent magnetisation inclination IreM [ ] ﬁiﬁi] DREM =
13 |Remanent magnetisation declination DREM [ 1[R/S_] |BEARING=
14 | Azimuth of magnetic north w.r.t. +Xx axis B |:| XMIN =
Observe demagnetisation factors N2' I N2 =
Ns' [ 11 | n3=
16 [Minimum (profile) x value XMIN L] XMAX = ?
17 |Maximum (profile) x value XMAX [ Jlrs | | xine=2
18 | Profile x increment XING [ 1lrss |
19 |Observe printout of: station 10 1 X =
vertical component anomaly 10 ] BZ =
total intensity anomaly (10 ] BT =
20 | Call plotting subroutine if required |:] BZMIN = ?
Lower limit for Y axis B;MIN) [ ] [R/S BZMAX = ?

remainder of USER INSTRUCTIONS as for previous model
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MAGMOD XII : ELLIPTIC CYLINDER,horizontal,2D, Eii;g;;cciy}il"der
including demagnetisation,susceptibility anisotropy
and remanence F=60, 68, 2

I
PLAN 2

Kb=@, | a6ags
I=138.8
[=8.%

ELEVATION (looking along strike)

oL X 0 x J Reni2

Worked Example: Induction: F = 60,000 y(nT), D = 10°, I = -65°

D 10° (a) isotropic k = 0.001 cgs J = 60y
g = -35°
+X : to NE

#=-50.8
(b) isotropic k = 0.1 cgs J = 6,000y RZ=7,547.%

X : to SW + demag. important pT=-7,584,1

semi axis b
semi axis ¢

170 m (major) (c) anisotropic k § unit axes (D, I)
75 m (minor) ky : 012 cgs ﬁl : 090°, 0°

§ = 45° » s

h = 200m k, : 0-10 cgs, G, : 180°, 0° B7=8,714.4

kg : 0.08 cgs, iy : 0°, 90° BT=-1#,481.2

+ demag. important

Hon

body coord. unit axes D, I
A

Ya v 0’: 1357, 0° Remanence (d) J 12,000
2 Vp: 045°, -45° DNRM 0; Y
A
vy, o o NRM
01 out of page 3: 225°%, -4s INRM +90°
note: principal profile
only, normal to strike %=150. 8
N e . - - . BZ=859.4
® = & BT=-3.241.7
= » = .
CHE- & Rcee.p
e : " x " B2=-673.3
B BT=-1,179.5
) . d w
© EECESEE % SECEEEE 1eeenz
K o mMy DE ORIy RS I ELE Latie. o
- u! ' W I RES=-28.1
O
&
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MAGMOD XIII - VERTICAL RECTANGULAR PRISM

(Principal profile parallel to one pair of sides.)

General formula (bottomless prism)

ABi = Jf(X - %, ¥) + £(-X - %, -Y)]

ab

r-b> -1
where f(a, b) = (Ln' + N&') log, () - 2L&' tan ()
e ‘r + b aZ + rh + h2
- -1
-2Mm' tan 1 (_____jﬁL_____) + 2Nn' tan (ab/rh)
b + rh+ h

1
r= (a2 + b+ 112

* For a prism with finite depth extent, from h1 to hy, the anomaly is
calculated by subtraction
.e. A = A ©) - A ©
i.e B, (h;, hy) B, (hys ) B (hy, =)
* TIf the magnetisation is vertical MAGMOD XIII is equivalent to MAGMOD

ITI.

* MAGMOD XIII may be useful for modelling vertical plugs and vertical
dykes of limited strike length (particularly when the magnetisation is
not sub-vertical so that MAGMODS I - III are not applicable) as well as

large crustal blocks.
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DEMAGNETISATION CORRECTION FOR VERTICAL PRISM

Approximate demagnetising factors

le(h2 - hl)

- 4y
N Y)(hz — ) ¥ XY * Y 37y for bottomless prism.
41X(h, - h
= e T > X for bottoml i
Ny T F Y)(hz — hl) ¥ XY X+ Y o ottomless prism.
N = By +* 0 for bottomless prism.

z X + Y)(h2 - hl) + 2XY

Susceptibility tensor elements in xyz system

Susceptibility axes:

A
uy = (li, m;, n;) = (cos Bi cos I;, sin B4 cos I, sin 1)

2 2 2
kxx = klll + k2£2 + k323
kxy = kyf1m) + kofomp + k3f3mj
kXZ = klg‘lnl + kzlznz + k323n3

2 2 2
kxy klm1 + k2m2 + k3m3

kyz = klmlnl + k2m2n2 + k3m3n3

2 2 2
zz - Kqfp T kgny + kgng

=
]

Matrix K = [k;5] (1, § = x, y, 2)

Field and magnetisation components with respect to xyz axes

F,=F cos Bcos I, F, = F sin B cos I, F, = F sin I

y

(IN)x = Jy cos By cos Iy, (JN)y = Jy sin By cos Iy, (Jy), = Jy sin Iy

65
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Resultant magnetisation, corrected for demagnetisation

1 +k N k N k N
XX X Xy ¥y Xz Z
A=1+KN=| k N 1 +k N k N
Xy X yy 'y yz 2
N k N 1 +k N
Xz X yz y 2z 2z
A
3J -
},( -1 X (JN)X
J = A K F + J
J z (N)z
z
2.1/2

C
]

1] 2 1 2 1
[AR° + aN™+ GPT)

L' = J!/Jv’ Ml - J'/JI’ Nv = J'/J'
X y z

MAGMOD X1 : VERTICAL RECTANGULAR PRISM infinite depth extent
principal profile over centre and parallel to one pair of sides
finite depth extent by subtraction

PLAN x

MN MN
principal profile
+X T

T-Y
X 0 / (ve) 2Y +x
2X 1 OR »>
I X
| ,
-X

+Y
- - 2X »
< 2y 3
-X
ELEVATION ELEVATION
along x axis (o] along y axis (@]
x +X
h h
Y A
o ———— 2Y e« —————— X ———————————»




MAGNETIC EXPLORATION

MODELS

User Instructions

‘1 MAGMOD XIII : VERTICAL RECTANGULAR PRISM

DEMAGNETISATION, ANISOTROPIC User Mode
i~ SUSCEPTIBILITY, REMANENCE Deg Mode
= ! Size 056
STEP INSTRUCTIONS DATA UNITS KEYS DATAORITS
1| Load cards, run program Diii] B&iiﬂS =
2 | Geomagnetic field magnitude F ‘:! =
3 | Geomagnetic field inclination I L] -
4 | Geomagnetic field declination D [ ] INF 2 <0, 15
5a] If finite depth extent prism 0 (zero) I:l @ Hl =
5bf If infinite depth extent prism 1 [ ] Hi =
6 Depth to prism top l:' [:
(a) finite depth extent hl [ H2 =
(after 6(b) go to 8) (b) infinite depth extent| h, [ ] 3 WIDTH =
7 | Depth to prism bottom h, L] 3 WIDTH =
8 |Half width of prism (side parallel to +x to -x tiaverse) X L] 2 LENGTH =
9 | Half length of prism (side normal to traverse) Y L] @ Ky =
10af Input magnitude of maximum susceptibility Ky ] =
10b] Input declination of maximum susceptibility Dy [:ij] [R/S ] I=
10c| Input inclination of maximum suscptibility I Kb =
10d} Input magnitude of intermediate susceptibility | ky IRL—S_| D=
10¢| Input declination of intermediate susceptibilityl Dy I=
10f] Input inclination of intermediate susceptibility Ib @j Ke =
10g| Input magnitude of minimum susceptibility ke D=
10h| Input declination of minimum susceptibility Dc R/S I=
10i] Input inclination of minimum susceptibility Ic IE/T_I REM ? <0,1>
Notes (i) susceptibility axes must be orthogonal [ ]
(1i) if isotropic susceptibility, insert E‘_‘l
ky =k = ko with orthogonal axes [ ]
e.g. D,1: 0,90; 0,0; 90,0 1
11a| If remanence absent (go to 15) 0] &;Eij BEARING =
11b[ If remanence present 1 [R/s | JREM =
12 | Remanent magnetisation magnitude JREM E;Ei] IREM =
13 |Remanent magnetisation inclination IREM R/S DREM =
14 |Remanent magnetisation declination DREM BEARING =
15 |Azimuth of magnetic north w.r.t. + x axis 8 'S XMIN = ?
Observe demagnetisation factors Nz NZ =
Ny [T [y=
Nx [ ] | mx=
16 |Minimum (profile) x value XMIN XMAX = 7
17 [Maximum (profile) x value *MAX Res 1| xing= 2
18 [Profile x increment XINC R/s_|]
19 |Observe printout of: station L] X=
vertical component anomaly | | | j BZ =

remainder of USER INSTRUCTIONS as for previous model
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WORKED EXAMPLE : MAGMOD XIIT
VERTICAL RECTANGULAR PRISM..INFINITE DEPTH EXTENT
(FINITE DEPTH EXTENT BY SUBTRACTION)
PLAN
MN
A
™
D=10°
=-90°
X ﬁ +X
% }
D=275° Y =1000m
l Induction: F= 58,0007 (nT)
J=kF= 587
1= -65°
X =1000m D= 10°
Remanence: JNRM= 1457
InRM = -83°
DnAm=  275°
ELEVATION
(looking north)
w E
GL -X [o] X
T i
h,;=1000m
ho=3000m
k=0.001cgs
] Y
NANAANANANAN i
Use of
MAGMOD XIII _ N
(cf. MAGMOD III ¥ .
1000m =1 km g Tt < ‘
JRES = 198.6 w 0 at
if no demag.) K 3 ) . =
._|-. M 3
. Lo £il i . ; . T T
note: principal pro'l es o = =
only, parallel to sides @ b AR . L R T T o Dl el
e} [ [ p RS )
~ = . =
m = CLI F =
)
&}
[~

F=58.944. 2
I=-65.8
I=i8.@

Hi=1.4
H2=3.8
172 MIDTH=1.%
172 LENGTH=1.8

Kb=8. 0881488
I=4.8
[=0.8

K:=0, 061888
I=98.9

I=6.8

J REM=145.9
I REM=-81.8
I REM=275.8

BEARIHG=-94.8

J RES=197.8
1 RES=-81.¢
b RES=-27.5
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MAGMODS: HP 41 C REGISTER CONTENTS

I II
Plot minimum ROO ¥
Plot maximum RO1 ¥
Plot width RO2 v
F RO3 V¥
I RO4
D ROS v
JIND RO6 Y
IREM RO7 ¥
DREM RO8 ¥
JREM RO9 V¥
IRES R10 ¥
DrES R11 V¥
JRES R12Z v
Finite/infinite flag R13 v
Depth to top R14 V
Depth to bottom R15 V
Depth to centre
Depth to axis
Radius R16
Area cross section
Volume
Thickness R16
Half Thickness
Half width
Half length
Dip angle
Cosine dip
Sine dip
Dip length
b cot d
susceptibility R17 V
pole strength or moment R18 v
8 R19 ¥
Br
N
L
Q11
Q033
Gi13
-2L
-N
LZ-Nn
-2(Ln+NQ)
X min. R20 v
X R21 v
X max. R22 v
X incr. R23 v
Inter. result R24-30

111 v v VI/VII
v vV v v
v v v v
vV v v Vv
v v v Vv
v v v v
v Y v Y
vV v Vv v
v v Vv v
v vV Vv vV
v Vv v Vv
Vv v v v
vV v v v
vV vV v Y
v R16
v R17
v R18

R13
R13
R14
R1S
R15
R20
R16
R17
R13
R14
R15
R19
R18 Ri6 v R21
R19 R17

R20 R17 R18 R22
R18 R19 R23

R1S

R20

R21

R22

R23
R20  R24
R21 R25
R22 R26
R23  R27

R21 R25 R24 R28
R22 R26 R25 R29
R23 R27 R26 R30
R24 R28 R27 R31
R25-39 R24, 29 R28-34 R32-41
-35

VIII IX

T CE R CE R SRR REY
R NN WL N N NN NN

R13
R14 R13
R15 R14

R16 (horiz.)
R17 n

R18 R15
R19 R16
R20 R17
R18

vV R19
v R20
v R21
Vv R22
v R23
v R24
Vv R25
v R26
v R27
v R28
v R29

R32-43 R30-38

69
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REGISTER
COHMTEHNTS=

MAGMOD X

Ro#= PLOT WINIMUH

Réi= PLOT MAXIMUNM

Ré2= PLOT WIDTH

Re3= F

Red= I

RES= D

Rés= J IND

R87= 1 REHM

RBG= D REH

R89= J REM

Rig= T RES

Ril= D RES

Ri2= J RES

R13= NUMBER OF SIDES

Rid4= SUSCEPTIBILITY

R13= PROFILE BEARIHG

R16= BEARING WRT RES MAG

Rif= -2L

RiG= i

Ki%9= Ll-Hn

R2#= -2{LntHl}

KZi= ¥ HINM

RZz= %

R23= & Hfx

R2d4= % IHC

RZ5-R3I7= INT RESULTS

R38 UP= YERTEX
COORDINATES

MAGMOD VIII A
REGISTER
CONTENTS
SAME AS VIII

EMERSON ET AL

REGISTEE
CONTENTS

VECT

Rég= F

Réi= I

Réz= I

R83= BULK SUSCEPTIBILITY
R84= Fx

R83= Fy

Réo= Fz

R#7= J REM

R@&= 1 REM

Re9= I RER

R1@= INT RESULT

Rii= Ka

Riz= Da

Ri3= Ia

ki4= Kb

R13= Db

Ris= Ib

RI7= Kc

Rig= Ic

Ri%= Ic

R28= Jx

R2l= Jr

Ré= Jz

23-R31= INT RESULTS
R32= T RES

R33= J RES

R34= T RES

R35= PROFILE BEARING
R36= BERARING WRT RES MRG

DEMAGHETISATION
CORRECTION

R37= DIF ANGLE OF SHEET
R38= COSIME OF DIP ARGLE
R39= SINE OF DIP ANGLE
Rd4d= DIP LENGTH OF SHEET
Rdi= SHEET THICKHESS
Rd4z= FIRITE/INF. FLAG
R43-R48= INT RESULTS

REGISTER
COHMTEHTS

MAGMOD VIIIB

Ro@= PLOT MIHIHUM
Fai= PLOT MAZINMUR
Rfiz= PLOT WIDTH
RB3= F

Rid= I

kE5= B

Ro#6= J IHE

Ké7= 1 REM

RA3= It EEK

R@9= J PER

Rig= [ BES

Rii= I BES

RiZ= J RES

E13= FINITEZINF. FLRG
Rid4= DEPTH OF TOP

R15= DEPTH OF BOTTOH
Fit= SHEET THICKHESS
Ei7= HALF THICKMESS

Ri8= BIP ANGLE OF SHEET
R13= COSLUE OF BIF LE
R28= SIME OF DIF AMGLE
Ea

ba

ia

Efd4= Kb

R23= Ib

k6= Ik

RZi= KEc

RZB= Do

R29= I¢

E38= PROFILE BERRIHG
E3i= BEARING WRT RES HAG

-2
i

-H

Li-Hr
Z{intHis
¥ BIH

HEE
R39= ¥ IHC
R4B-RS8= IHT RESULTS

REGISTER
CONTEHTS

MAGMOD XIA

kBd= PLOT NINIMUM
Ral= PLOT WAXIMUM
R8z= PLOT ®IDTH
R#3= F

RBd= |

k85=

Reh= EMPTY

I FEH

i

A BES
= BEFTH TO
PLUH
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REGISTER REGISTER REGISTERE
COHTENTS COHTEHTS COMTENTS
MAGMOD XIB MAGMOD XII MAGMOD XIII
Fad= PLOT WIHINUR F@g= PLOT NIMIMUM Rea= PLOT MINIHUH
kBi— PLOT MAXINUM FAi= PLOT MEXINOM FAi= PLOT HREIHUK
a2= PLOT WIDTH paz= PLOT WIDTH paz= PLOT WIETH
F 3= F RE3= F
I Rad= 1 RAd= 1
I ga5= 1 gES= 1
= EWPTY BRG= EMPTY RBa= EMPTY
= ] REW 1 REM pa7= | EER
I EEM I REM RAE= 1 EEM
J REH J EEM RA3= ] REH
I RES 1 RES Fig= 1 EES
B RES B EES Rii= D RES
J BES J BES RizZ= J BES
TEPTH TO CEHTRE BEPTH TO 8315 Fi13= FINITEAINF, FLAG
IIF ANGLE = IP HHGLE Ri4= DEFTH OF TOP
DIP RZIWUTH = WAJOR SEMI-AZIS ki5= DEPTH OF BOTTOM
MIHOR SEMI-REIS WIHOR SEHI- ﬁ%l? Ri6= HALF KIDTH
MAJOR SEMI-ARIS htz-c12 R17= HALF LENGTH
‘8= Ka Ka RiG= Ka
Ri9= Da i= Ba Rif= Da
F2e= la = 1a R2d= lIa
R2i= b = Kb E2i= Kb
t Ib

Rz2= Db
R23= Ib
Fid= Ko

ib
ke

Res= I Ic

F2b= Ic ic Ic

R27= PROFILE BEARING :37= FROFILE BEARING PROFILE BEARING
k8= BEARING WRT RES MAG f23= BERRIWG WRT EES HAG = BEARING HRT RES BAG
F29= bti-atd %79= COSIHE OF DIP BHGLE L

#

#28-F37= DIRH. COSIHES Ri8= SIHE OF DIP AHGLE
ZH

IF BHES Rii= HTZ

K3g= H?E % AN 4 HIH
g33= ¥ RN Rii= ¥ i

Rdd= 3 RId= 3§ HAX ¥ HAX
Rét= % HEX RI5= % INC i I
Réz= ¥ INC R36-R47= INT RESUL = Ln#il

2Ll
2
R19= ZHn
R4d-R3i= INT RESULTS

R43-RS7= IHT RESULTS

MAGMODS 86 ARCL % 287 34 ARCL T
HP 41C a7 F57 55 21 #E@ a8l 35 AYIEM
PROGRAMS @z PRA 22 5T0P 36 AlY
a3 "y=" 2IGT0A 37 STOP
HP 41 C {f PROMPT 24¢BL B 3670 B
Vector_ 11 ARCL ¥ 25 5F 21 I9+BL ©
Operations 12 F37 55 26 stg 82 4@ 5F 27
Program VALG 12 PRE 27 =%=" 41 5F 21
14 =Z=" 28 ARCL & 47 @
BLeLBL "¥OLE" 15 PROMFT 29 AVIEH 42 570 A
gz+LBL A 16 ARCL ¥ 3n y=" 44 570 a1
a3 S5F 2% {7 F87 55 21 ARCL Y 5 570 @2
B4 =x=" 1§ PRR 32 AYIEW 45 570 @3

85 PROMPT 19 ADY 33 mg= 47+LBL 84



72

4 1
49 5T+ o8
58 ¥EG 62
51 5T+ @1
52 RO
53 ST+ 62
54 Rt

55 5T+ 62
56 G0 B4
S7eLEL T
58 1

59 5T- 89
68 SF 12
A1 "RESULTANT"
62 AVIEN
63 (F 12
64 RCL 83
65 RCL 82
86 RCL 81
67 XEQ 81
§8 RCL 2
59 RCL 68
78 s

71 vh=
72 ARCL B
73 AVIEW
74 N
75 ARCL ¥
76 AVIEN
77 AV

78 STOP
79 610 €
BAeLEL 81
81 R-P

82 XY
82 RDN

84 R-P

25 Rt

8 @

87 (=17
88 GTO 81
89 (LY

99 368

91 ST+ ¥
92¢LBL 61
93 ="
94 ARCL ¥
95 AVIEN
9% “=-
a7 ARCL T
95 AVIEM
99 F=-
189 ARCL 2
181 AVIEW
182 ALY
183 RTN
1849LBL E
195 SF 21
186 ~CARTESIAN?(8, 13"
187 PRONFT
188 GTO IND &
189+LEL 28

118
1
12
112
114
115
&
117
118
11g
{28
121
122

exs
fae)

124
125
126

27
128
129
138
131
132
133
134
135
136
137
138
139
146
141
14z
142
144
145

D=
PRONPT
ARCL ¥
F$? 55
PRA
-Iizn
PRONFT
ARCL
FS? 55
PRA
ADY

i

XEQ 83
5T0 A1
80 B2
pt

§T0 83
IDE‘:-
PRONPT
ARCL ¥
F$? 55
PRA
“12=-
PROKPT
ARCL ¥
F3? 55
PRA

1

¥EQ 83
570 84
£OY
£T0 85
Rt

ST 86
6T o

{4ceLBL A1

147
148
149
154
151
152
153
194
155
136
157
158
159
168
161
162
163
164
165
166
157
168
169
178
171

-xlzn
PROMPT
ARCL =
F57 53
PER
ST0 &!
xe
-'fl:n
PROMPT
ARCL ¥
F5? 55
PRA
£T0 @2
itz

+
-;_.‘1:-
PROMPT
ARCL ¥
F3? 55
PRR
ADY
570 @2
i

i

SQRT
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185
186
137
188
183
198
19
192
193
194
195
196
197
198
199
288
201
282

5T+ B
ST 82
577 83
-xe=r

PROMFT
RRCL £

FS? 535

S PRR
B 570 84

iz

“y2=-

3 PROMPT

RRCL ¥
F&7 55
PRA
$T0 85
#12

+

P 2
o=

FRONFT
ARCL ¥
PRA
570 @6
itz

+

SERT
57/ a4
51- 85
ST/ Ak
RCL 85

283+LBL AR

284
283
286
267
2aa
203
214
211
a1z
213
214
213
216
217
218
219
228

221

KCL 83
*

RCL a1
RCL @4
¥

+

ECL 82
RCL &5
¥

+

Acos
HEY
.z
ARCL ¥
AYIEM
ADY
ST0P
GT0E

222¢LBL B2

223

-D=-

224 PRONFT
225 ARCL X
226 FSY 35

227 PRH

228

-I:-

229 PROMPT
238 ARCL ¥
231 F5? 55
232 PRE
237 ~f=-

234 PROMPT
£ F5% 55
7 PRA
8 ALY
+LBL 83
B P-E
Y
RON
P-B
RTH
.EHLL

ol
wn
F~3
A
e
js

"

tand
o

Fal PN [l Mha
el

>

=]
o foud ol
[

[
£
3 nL

Yy

d TR pes

ol Ml Ml Py
[N - S Y
o

&

HP 41C

Vertical Plug
(monopole)
Program
Magnetics
MAGMOD 1

B19LEL “MAGL"
G2eLBL R
83 CF 22
M I 1
25 o=

% PRONPT
87 FSIL 22
82 210 83
#9 ARCL 03
16 PRA

1 "1=

12 PROKET
13 F57C 22
14 570 A4
15 ARCL @4
16 PRA

17 "1=-

18 PROMPT
19 F37C 22
2 ST0 85
21 ARCL A5
22 PRA

23 AY

33 ARCL 14

14 PRA

35 GTG IND 13
JoeLbL A

37 "H2=

38 PRONPT



39 FS7C 22
48 570 15
41 ARCL 15
42 PRA
42+LBL &
44 =RALIUS="
43 PROMPT
46 FS?C 22
47 ST0 16
43 ARCL 15
49 PRA

% FIZ &
51 =8U5C=-
52 PROMFT
53 P82 22
34 570 17
35 ARCL 17
36 PRA

37 ALY

a8 FIZ 1
39 RLL 17
A8 RCL 83
6l #
62 5T @
63 570 1
pd ECL @
65 ST0 18

f6 RCL 85

67 ST0 U

68 "REMTR. 13"
69 PROMPT

78 CF 22

71 &=@7
FRLIG D
TISLBL L

74 "4 REM="
75 PROMPT

76 FI2C 22
F7OSTO B3

78 ARCL A%
79 PRR

8@ -1 REM="
31 PEOWPT

82 FS7C 22
82 870 &7
24 RRCL @7
85 PRR

86 "D REW="
37 PROMPT
88 F5°C 22
89 ST0 8%
94 ARCL A8
31 PRA

92 RDY

93 RCL &2
94 RCL &7
93 RCL A%
9 P-E

97 KOy

98 STO0 18
99 RIN

188 P-R

3
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141
182
183
194
185
186
187
188
183
118
111
1z
113
114
115
16
17
118
113
128
121
122
122
124
125

8Ta 11
RIN
sTo 12
RCL 85
RCL a4
RCL 86
F-k
24
ST+ 1@
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54 PRA

95 RCL 17

56 ¥12

57 ENTERt

58 ENTER¢

59 RC.. 16

68 ¥12

6l -

62 ST0 29

63 -1.5

84 Y1¥

63 X{>Y

66 4

67 *

68 PI

69 *

78 RCL 16
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72 %

73 5T0 97

74 LASTY
753

7€ /

77 cv0L="
78 ARCL. ¥
79 PRA

8a Any

81 RCL 15
g2 Ccos

83 570 34
84 570 3t
85 570 32
86 LASTY
87 SIR

88 ST0 22
89 570 34
98 CHS

91 8T0 35
92 RCL 14
93 C0S

94 CHS

95 ST+ 3!
9 ST+ 34
97 ST0 37
98 LASTY
99 SIK

188 ST+ 2@
181 ST 33
142 CHS

183 STG 36
184 RCL 13
185 X2

185 STO 38
187 FIZ 6
188 "Ka="
189 PROMPT
119 FS2C 22
111 570 18
112 ARCL 18
113 PRA

114 FI¥ 1
115 *B="
116 PROMPT
117 FS2C 22
118 ST0 19
119 ARCL 19
128 PRA

121 ~I="
122 PROMPY
123 F52C 22
124 570 2@
125 ARCL 20
126 PRA

127 ADY

128 FIX 6
129 *Kb="
138 PRONPT
131 FS2C 22
132 §T0 21
133 ARCL 21
134 PRA

135 FIX 1
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136 =D="
137 PROMPY
138 FS2%€ 22
139 570 22
148 ARCL 22
141 PRA

142 *I=-
141 PROMPY
144 FS7C 22
145 STG 22
146 ARCL 23
147 PRA

148 ARV

149 FIX &
158 K="
151 PROMPTY
152 FS7C 22
153 570 24
154 ARCL 24
155 PRA

156 FIX |
157 “b=-
158 PROMPT
139 FS2C 22
i68 STC 25
161 ARCL 25
162 PRA

163 ~I="
164 PROMPT
165 F57C 22
166 ST 26
167 ARCL 26
168 PRA

169 ADY

178 “REMB.1>"
171 PRONPT
172 CF 22
173 CF @5
174 ¥=0?
175 GT0 B
176¢LBL ©
177 SF 85
178 =J REM="
179 PRONPT
188 FSC 22
181 870 @9
182 ARCL 89
183 PRA

184 =1 REM="
185 PROMPT
186 FS?C 22
187 STC 87
188 ARCL 87
189 PRA

198 =D REM="
191 PRONPY
192 FS2C 22
193 ST0 48
194 ARCL 98
195 PRA

196 ADY
197¢LBL D

198 "BEARING="
199 PRONPT
208 FS?C 22
281 ST0 27
202 ARCL 27
283 PRA
264 ADY
285 1

28¢ RCL 28
287 RCL 19
288 XEQ 81
209 570 43
218 XY
211 5TD 44
212 Rt

212 STO o9
214 1

215 RCL 23
216 RCL 22
217 XEQ &1
218 STO 81
219 X0
228 570 47
221 Rt

222 STO 82
223 1

224 RCL 2¢
225 RCL 23
226 XEQ 81
227 ST0 43
228 B
229 ST0 58
238 Rt

231 §70 51
232 RCL 37
233 *

234 RCL 50
233 RCL 32
236 »

237 +

238 RCL 49
239 RCL 38
248 *

241 +

242 570 52
243 RCL 36
244 5T* 51
245 RCL 49
246 RCL 31
247 %

248 RCL 56
249 RCL 34
258 *

251 +

252 ST+ 51
233 RCL 35
254 ST+ 49
253 RCL 58
256 RCL 32
257 *

258 ST+ 49
259 RCL 43



268 RCL 3@
261 #

262 RCL 44
263 RCL 33
264 *

263 +

266 RCL 8R
267 RCL 37
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269 +

278 570 5@
271 RCL 3%
272 ST+ 86
273 RCL 42
274 RCL 11
275 %

276 RCL 44
277 RCL 24
278 =

279 4+

289 ST+ AR
281 RCL 35
282 §T* 43
283 RCL 44
284 RCL 22
285 *

286 ST+ 43
287 RCL &1
288 RCL 3@
289 %
298 RCL
291 RCL
292 *
293 +
294 RCL @2
295 RCL 37
29 %

297 +

298 STD 44
299 RCL 3%
308 ST+ &2
381 RCL &1
382 RCL 2
303 x

Ind RCL 47
305 RCL 34
386 *
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388 ST+ @2
389 RCL 35
318 ST 41
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312 RCL 32
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315 RCL 18
316 RCL 5@
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319 RCL 21
328 RCL 44
321 Rt

47
EX

MAGNETIC EXPLORATION MODELS

322 %
323 +

324 ROL 24
325 RCL 32
326 X2
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328 +

329 STO 47
338 RCL 18
331 RCL 58
332 =

333 RCL Be
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335 RCL 28
336 RCL 44
337+

338 RCL @2
339 =

348 +

341 RCL 24
342 ROL 32
43 *

344 RCL 31
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346 +

347 ST0 45
348 RCL 18
349 RCL 42
350 *

351 5T+ 58
352 RCL 21
353 RCL 44
354 *

355 RCL &1
Kni

I57 RCL 24
358 RCL 52
59

308 RCL 49
361 *

362 ¢+

363 8T+ 58
364 RCL 18
365 RCL 28
366 kY2
367 *

168 RCL 21
369 RCL 82
Ira 112
I
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373 RCL 24
374 RCL 51
75 Rt2
36 *
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375 STO 44
379 RCL 18
388 RCL 43
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383 RCL 21
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97

398 RCL 24
99 RCL S
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391 RCL 49
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94 ST+ 80
195 RCL 18
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98 5T 43
399 RCL 21
489 RCL 81
401 K12
482

407 RCL 24
484 RCL 49
485 812
496

47 +

488 ST+ 43
489 RCL 27
410 RCL 64
411 RCL 83
412 KEQ 82
413 S0 19
414 ¥O3Y
415 ST0 11
416 Rt

417 ST 12
418 RCL 37
419

428 XY
421 RCL 33
422

423 +

424 ROY
425 RCL 28
426
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428 ST0 46
429 RCL 36
438 ST+ 12
431 RCL 19
432 RIL 3
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434 RCL 11
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438 ST+ 12
479 RCL 32
448 ST+ 11
441 RCL 10
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464 RCL 11
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471 RCL 46
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488 FC? 85
481 G0 83
482 RCL B9
483 RCL 97
484 RCL 8%
485 SF 86
486eLBL 81
487 RCL 27
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489 RCL 85
498 -

491 80 7
492¢4L18L 82
493 PR
494 ¥V
495 RIN
49 P-R
497 FCOC 86
498 RTH
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589 X(>Y
581 5T0 82
582 Rt

563 STD 49
5a4 RCL 37
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586 OOV
587 RCL 33
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588 »

589 +

518 XOY
511 REL 39
512

513 ¢+

514 5T+ 18
§15 RCL 8
516 RCL 31
317 *

518 RCL 82
519 RCL 34
520

521 +

322 RCL 49
323 RCL 36
524 *

525 +

526 ST+ 11
527 RCL 81
528 RCL 35
529 %
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F35¢LBL 83
336 RCL 29
537 SarT
538 RCL 16
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952 RCL 45
553 #

554 STO 49
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357 *

558 RCL 81
559 2
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963 “Ne="
564 RARCL ¥
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568 ST* 44
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578 STx 43
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572 RCL 58
573 5T+ 8!
374 ST+ @2
975 1

576 ST+ 43
577 ST+ 44
578 5T+ 47
579 RCL 44
588 RCL 43
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582 RCL 98
583 K12
584 -

983 8T0 5@
586 RCL 47
387 *

588 RCL a8
389 RCL 81
390 »

391 RCL 49
592 RCL 43
293 *

394 -

595 570 51
596 RCL 45
597 *

598 +

599 RCL 49
668 RCL 88
681 *

682 RCL 44
683 RCL 91
684 *
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696 STO 52
687 RCL @2
680 *

6R9 +
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611 RCL 45
612 RCL 08
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614 RCL B2
615 RCL 44
616 *

617 -

618 570 48
619 RCL 47
628 5T+ 44
621 RCL 45
622 RCL 49
623 *

624 5T- 44
625 RCL 82
626 5T% 49
627 RCL 47
628 RCL @8
629 *

638 5T- 49
631 RCL 47
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632 RCL 42
633 #

£34 RCL 82
635 RCL 81
636 *

637 -

632 610 58
639 RCL 8@
A48 ST+ 82
641 RCL 45
642 RCL 42
643 #

fd4 5T- @2
645 RCL 45
646 ST+ 81
647 ROL &7
648 RCL a8
649

658 57— 81
651 RCL 59
692 RCL 18
633 *

£54 RCL 82
635 RCL i1
650 *

£37 +

€58 RCL 48
659 RCL 12
668 *

6ol +

662 RCL 51
663 RCL 19
664 *

663 RCL 58
666 RCL 11
BET *

o6l +

669 RCL 42
478 RCL 12
671 #

672 +

673 ¥ 1
674 RCL 81
675 *

&76 RCL 52
677 RCL 18
678

679 +

688 RCL 44
681 RCL 12
682 *

683 +

684 STO 12
685 XY
686 RCL 4%
687 57/ 1
£88 ST/ 12
689 /

£98 570 1@
£91+LBL E
£92 “XMIN=2"
£93 PROMPT

694 FS70 22
£93 570 22
69% “iNA¥=7"
637 PRONPT
€98 FS7C 22
£99 ST0 41
708 -XINC=?"
781 PROMPY
782 FS2C 22
783 870 42
784 RCL 39
783 570 48
706+LBL 24
707 ="
783 ARCL 48
789 PRA

718 XEG @1
711 =BZ="
712 ARCL 48
713 PRA

714 -BT="
719 ARCL %
716 PRH

717 ADY

718 RCL 42
719 &7+ 48
728 RCL 41
721 RCL 42
722 ¥{=Y?
727 GT0 B4
724 5T0P
725 GTOE
726¢LBL F
727 "BZ MIN=2"
728 PROMPT
729 F52C 22
738 570 52
731 °BZ mRE=2"
732 PROMPT
733 F52C 22
734 870 54
735 =BT HIN=2"
736 PROMPT
737 FS7C 22
738 8T0 35
739 =BT MAX=?"
740 PROMPT
741 FS2C 22
742 ST0 56
743 126

744 570 B2
743 REL 53
746 570 @@
747 RCL 54
748 570 &1
749 SF 12
738 -B2~
731 S5F 86
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753 ¥EQ 82
754 CF 8¢
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796 ST0 89
737 RCL 56
738 §70 @1
739 Ay
768 SF 12
761 -BT"
762 ¥EQ 83
763 FIX 1
764 STOF
769 61D E
766¢LBL 83
767 PRA
768 CF 12
769 “KIN="
770 ARCL B8
71k NAx="
772 ARCL 81
772 PRA
774 127
779 ACCOL
776 124
777 SKPCOL
778 127
779 ACCOL
784 ADY
781 RCL 39
782 STO 48
783¢LBL 85
784 RCL 44
785 ACK
786 XEQ @1
787 F57 86
788 RCL 48
789 REGPLOT
798 RCL 42
791 ST+ 48
792 RCL 41
793 RCL 48
794 ¥(=Y?
795 GT0 85
796 RDY
797 RTH
795¢LBL A1
799 RCL 2@
808 RCL 48
881 %

882 570 42
863 LASTX
884 RCL 3
885 *

866 ST 44
867 RCL 37
888 RCL 13
8e9 +

818 §1- 42
811 LASTE
812 RCL 36
213 =

814 ST- 44
815 RLL 48
816 RCL 25
817 *
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818 ST0 45
§19 X2
828 RCL 43
821 itz
g2z -

823 RCL 44
824 Xte
825 +

826 RCL 29
827 *

828 -2

829 +

83@ RCL 29
831 A2
832 +

833 RCL 48
834 ¥12
/35 RCL 28
836 +

837 5T0 48
838 a1
839 +

ad@ SORT
841 570 46
842 RCL 15
843 ¥t2
§44 570 49
845 -

846 RCL 17
847 42
8de 570 58
843 -

858 RCL 48
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852 2
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854 ST+ 49
855 ST+ 58
854 RCL 10
857 RCL 43
a5tk

839 RCL 49
868 1.5

<861 YHE

862 /

863 RCL 50
864 /

865 RCL 11
866 RCL 44
867 *

868 RCL 12
869 RCL 45
874 *

871 +

872 RCL 49
873 SORT
874 s

875 RCL 58
876 A2
877 /

878 +

879 570 51

888 RCL 29
881 RCL 49
882 x

883 SQRT
884 RCL 52
885 /

886 RCL 23
887 RCL 49
asa s

889 SART
89e ST0 47
891 ATAK
832 D-k
893 -

894 RCL 57
835 2
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898 *

899 ST0 52
988 RCL 29
981 1.3
902 X
983 8T+ 51
994 XY
995 RCL 11
98 *

987 RCL 42
988 RCL 29
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918 RCL 46
a1 7
9121
973+

914 RCL 5!
915 *

916 STx 44
917 8T 45
91g OV
919 5T+ 44
928 RCL 42
921 RCL 29
972 +

923 RCL 46
924 /

a5 1

926 +

927 RCL 9
928 %

929 ST 42
938 RCL 47
931 ENTER
932 ATAH
933 I-R
934 -

935 RCL i@
9% *

937 RCL %7
938 *

939 §T- 43
34@ RCL 12
941 RCL 52
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943 5T+ 45
944 RCL 43
945 RLL 3@
946 *

947 RCL 44
948 RCL 31
949 *

958 +

951 RCL 45
952 RCL 33
953

954 +

955 RCL 27
956 COS
957 *

958 RCL 43
959 RCL 23
968 *

961 RCL 44
962 RCL 34
963 *

964 +

995 RCL 45
966 RCL 32
967 *

99 +

99 RCL 27
97a SIN
971 *

572 +

972 RCL 84
974 COS
975 *

976 RCL 43
977 RCL 37
978 *

979 RCL 44
938 RCL &
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982 +

983 STO 42
934 RCL @4
985 SIN
986 *

987 +

988 RTH
989¢LBL G
998 RCL 18
991 RCL 38
992 *

993 RCL 11
934 RCL 31
995 *

996 +

997 RCL 12
998 RCL 35
999
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1882 RCL 18
10d3 RCL 37
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1884 +

1885 RCL 11
1886 RCL 36
1087 «

1088 +

1889 RCL 1@
1818 RCL 33
1811 »

1812 RCL 11
1813 RCL 34
1814

1915 +

1816 RCL 12
1817 RCL 22
1818 *

1819 +

1828 RCL fe
1821 R-P
1822 XY
1823 RDN
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1829 =J RES="
1826 ARCL X
1827 PRA
1828 "1 RES="
1829 ARCL Y
1838 PRA
1931 Rt
1432 S70 28
1833 RCL 27
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1835 RCL 85
1836 +

1837 *D RES="
1838 ARCL X
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1848 ALY
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A1+LBL -MAGI2"
B2+LBL A
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84 FIX |
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86 PROMPT
87 F52C 22
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2% ARCL 82
18 PRA

11 ~I="

12 PROMPT
13 FS2C 22
14 ST0 84
15 ARCL &4
16 PRA

17 =D="

{8 PROMPT
19 FS2C 22
28 STO @5
21 ARCL 85
22 PRA

23 ApY
24¢LBL B
25 "DEPTH="
26 PROMPT
27 F52C 22
28 870 12
29 RRCL 13
I8 PRA

I “DIp=-
12 PROMPY
33 FS7C 22
34 ST0 14
35 ARCL 14
36 PRA

37 “b="

38 PROMPY
19 F57¢ 22
48 sT0 15
41 ARCL 15
42 PRA

43 "¢="

44 PROMPT
45 F57C 22
46 ST0 16
47 ARCL &
48 PRA

49 ROV

58 RCL 15
51 ¥t2

52 RCL 16
53 ®t2
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55 870 17
56 RCL 14
57 {05

58 ST0 29
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&8 SIN
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62 RCL 13
63 itz

64 ST0 31
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66 “Ka="
67 PROMPT
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71 PRA
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75 F57C 22
76 STO 19
77 ARCL 19
78 PRA
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88 PRONPT
81 FS7C 22
gz 570 28
83 ARCL 20
24 PRA
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86 FIX &
87 "Kb="
88 PROMPT
89 FSC 22
9@ STO 21
31 ARCL 21
32 PRA

93 FIE L
94 =p="

95 PRONPT
96 F5OL 22
97 STO0 22
98 fARCL 22
99 PRA

1@ -[="
181 PRONPT
182 FS7C 22
183 570 22
184 ARCL 23
183 PRA

186 ABY

197 FIX &
188 “Kc="
189 PRONPT
118 F57C 22
111 5§70 24
112 ARCL 24
113 PRA

114 FIX 1
113 =p=-
116 PRONPT
117 FS7C 22
118 STE 25
119 ARCL 25
128 PRA

21 “I==
122 PROMPT
123 F5%C 22
124 570 26
125 ARCL 26
126 PRA

127 ADY

128 “PERNR. 13"
129 PROMPT
138 CF 22
131 CF 85
132 x=07
133 610 D
134¢LBL C
135 SF @5

136 =J REM="
137 PROMPT
138 F52L 22
139 570 A9
148 ARCL @9
141 PRA

142 =1 REM="
143 PROMPT
144 FS7L 22
145 STO 7
146 ARCL &7
147 FRA

148 b REN="
149 PROMPT
158 F57C 22
131 STC @2
152 ARCL @&
153 PRA

134 ARy
155+LBL D
156 “BEARING="
157 PROMPT
158 F82C 22
59 870 27
168 ARCL 27
161 PRA

162 ALY

163 1

164 RCL 22
165 RCL 13
166 REG 61
167 ST0 26
168 B{MY
19 870 37
178 rt

171 5760 22
172 1

173 RCL 22
174 RCL 22
175 XEG @l
176 570 19
177 Y
178 570 48
179 Rt

188 ST0 41
1811

182 RCL 26
183 RCL 25
184 ¥EG 61
185 §T0 42
186 EOY
187 ST0 42
128 Bt

189 ST0 44
198 CHS

191 RCL 38
192 *

193 RCL 29
194 RCL 42
195 *

19 +

197 170 45



196 RCL 38
199 5T+ 42
208 RCL 44
281 RCL 29
282 *

203 ST+ 42
284 RLL 3%
285 RCL 29
286 *

287 RCL 38
268 RCL 348
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218 -
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212 RCL 28
213 ST+ 3¢
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226 RCL 38
227 ST# 39
228 RCL 29
229 RCL 41
238 *

231 ST+ 28
232 ROL 37
233 22
234 RCL 18
235 *

236 RCL 48
237 ¥12
218 RIL 21
239 &

240 +

241 RCL 42
242 ¥t2
243 ROL 24
244 *

245 +

246 STO 4
247 RL 1
248 ROL 3
249 #

298 ROL 44
251 *

252 RCL 21
253 RCL 4@
254 *

255 RCL 33
29 *

257 +

258 RCL 24
259 RCL 43
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268 =

261 RCL 45
262 %

263 +

264 ST0 47
265 RCL 24
266 RCL 42
267 *

268 ST+ 43
269 RCL 12
278 RCL 37
271 *

272 RCL 36
273 *

274 REL 21
273 RCL 49
276 *

277 RCL 39
278 *

273 +

288 5T+ 42
281 RCL 18
282 RCL 44
283 uf2
284

285 RCL 2!
286 RCL 22
287 A2
288 *

282 +

298 RCL 24
291 RCL 43
292 ¥f2
293 *

294 +

295 STO 37
296 RCL 18
297 RCL 36
298 *

299 57+ 44
38e RCL 21
381 RCL 38
182 =

383 RCL 39
384

385 RCL 24
306 RCL 43
187 *

388 RCL 42
309
I+

311 5T+ 44
312 RCL 12
H3IRCL 36
4 *

313 57+ 3
316 RCL 21
37 RLL 29
318 g2
KIIE

328 RCL 24
321 RCL 42

fad Tad Gad fad

ST+ 36
& RCL 27
27 RCL %4
328 RCL 82
329 ¥EQ 82
33@ 570 1!
331 ¥
332 ST0 18
KEEN oy

334 570 12
335 RIL 18
336 *

337 OHS
338 RCL 1Y
339 RCL 29
348 *
341+

ELY A SO B
343 RCL 30
344 &

345 RCL 12
346 RCL 29
47 %

348 +

349 570 12
358 ROL 42
351+

352 RCL U
IR &
34
95+

396 RLL 18
357 RCL 46
158 *
359+

368 RCL 18
361 RCL 47
Joi #

I3 RCL 11
364 ROL 37
363 *

I6k +

367 RCL 12
368 RCL 44
369 *
e+

371 KO 1
372 RCL 44
373 %

374 RCL 18
375 RCL 42
376
37+

378 RCL 12
I79 ROL 36
158 %

I8t +

382 CHS
383 870 12

384 %OV
385 ST0 19
386 FC? 05
387 GT0 83
388 RCL 89
339 RCL 87
398 RCL 08
391 SF 86
3924LBL 81
393 RCL 27
394 +

395 RCL 85
39% -

397 X¢(3 7
3984LBL 82
399 P-R

488 XOY
481 RIN

482 P-R

483 FC2C 06
484 RTH

485 570 28
465 KO
487 ST+ 18
408 Rt

489 ST0 39
418 RCL 29
411

412 RCL 38
413 RCL 30
414
415 +
46 §T-
417 RIL
412 RCL
419 *
428 RCL 39
421 RCL 30
422 *

423 -

424 8T+ 11
425¢LBL 43
426 4

427 P1

428 *

429 RCL 15
438 RCL 16
431 +

432 /

433 ST 8
434 ST0 81
435 5T+ 47
436 5T 43
437 §T* 37
432 ST 44
439 ST+ 3%
448 RCL 16
441 ST+ o8
442 ST 47
443 5T* 37
444 ROL 44
445

M2 Gad e
LG D
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446 ST0 38
447 RCL 13
448 ST+ 81
449 5T+ 43
458 ST+ 44
451 ST+ 36
452 1

457 5T+ 36
454 §T+ 27
455 “N2="
436 ARCL o4
457 PRA
458 "H3="
459 fARCL 81
468 PRA
461 ADY
462 RCL 37
463 RCL 36
464 *

465 RCL 44
466 RCL 38
467 *

468 -

469 510 19
478 RCL 42
471 RCL 38
472 »

473 RCL 47
474 RCL 35
475 #

476 -

477 ST0 48
478 RCL 27
479 5T+ 42
488 RCL 47
481 RCL 44
482 *

483 57- 43
484 RCL 33
485 ST+ 19
486 RCL 48
487 RCL 11
488 *

489 RCL 43
498 RCL 12
491 »

492 +

491 5T+ 19
494 RCL 36
495 RCL 11
496

497 RCL 44
498 RCL 12
499 *

508 +

a8t BO 1
562 RCL 38
903 *

584 RCL 12
583 RCL 37
986 *

587 +

588 RCL 29
589 ST/ 18
510 5T/ 1t
515

512 5§70 12
S13sBL E
914 “¥MIN=2"
515 PROMPT
316 FS2C 22
S17 5§10 32
318 ~XMRE=?"
519 PROMPT
328 FS?C 22
321 570 34
322 “¥INC=2"
523 PROMPY
324 FS?C 22
925 870 15
926 RCL 32
527 S0 13
S28+LBL B4
529 "¥="
538 ARCL 33
331 PRA

532 ¥ER 81
533 “BZ="
534 ARCL 36
535 PRA

336 “BT="
337 ARCL ¥
338 PRA

339 Aby

348 RCL 35
541 §T+ 33
342 RCL 34
543 RCL 33
344 X(=Y?
543 GT0 84
346 5T0P
547 GT0 £
T4ReLBL F
349 =BZ MIN=?"
358 PROMPT
351 FS2C 22
352 ST0 48
533 =BZ MAx=?"
534 PROMPT
955 FS2C 22
556 570 49
557 BT MIK=2"
358 PROMPT
3539 FS?C 22
368 ST0 58
561 =BT MAX=?"
562 PROMPT
263 FS2C 22
364 5T0 51
363 126

S66 STO @2
567 RCL 48
568 570 88
369 RCL 49
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a7e 570 &1
371 SF 12
502 82"
373 5F 86
74 FIX @
575 XEG 83
576 CF 86
77 RCL 58
578 STO @@
379 RCL 51
588 STO 81
581 SF 12
582 -BT-
383 XEQ 83
384 FIZ |
585 STOP
386 GTO E
587+LBL 82
588 PRA
589 CF 12
598 “NIN=-
591 ARCL 69
392 "k MAk="
593 ARCL @l
394 PRA
593 127
396 ACCOL
397 124
398 SKPCOL
399 127
£88 ACCOL
681 Ay
682 RCL 32
683 STO0 32
604+LBL 85
685 RCL 32
686 ACY
687 XEQ 81
688 F57 86
689 RCL 36
618 REGPLOT
#11 RCL 35
el2 5T+ 23
613 RCL 34
614 RCL 32
615 #{=Y7
616 GTO0 85
617 ABY
615 RTH
619+LBL 81
628 RCL 38
621 RCL 13
622 *

622 STO 36
624 LASTY
625 RCL 29
626 *

627 ST0 37
628 RCL 29
£29 RCL 33
638 *

€31 5T+ 36

€32 LRSTY
632 RCL 3@

634

*

635 §T- 37
636 RCL 32

637

it

638 RCL 31

639

+

648 570 38

641

i

642 RCL 17

643
644
645
846
647

xt2
+
RCL
2
*

17

648 RCL 36
649 RCL 37

639
651
632

633 SGRT

634
633
636

%

570
RCL
+

41
38

637 RCL 13

658
639
6o#
661
62
663
664
665
666
667
668
669
678
671
672
673
674

Jc
i

676

K12
570
RCL
K12
570

7

§T+
5T+
RCL
RCL
£ 3

RCL

RCL
RCL
¥

39

16

44

39
48
11

k13

677 RCL 48

678
679

7/
+

oB@ RCL 23
681 RCL 4@

68¢

683 SQRT

&84

3

s
£

685 ST+ 3p
686 5T 37
687 RCL 38
682 RCL 17

633

+

£98 RCL 41

691
€32
€93

;
i
+



694 ST* 36
693 RCL 38
696 RCL 17
897 -

698 RCL 41
699 /

768 1

781 +

782 5T% 17
783 RCL 44
784 57/ 39
785 RLL 39
786 SERT
787 |

798 -

789 RCL 12
718 *

711 RCL 17
iz s
32

714 %

715 §7- %7
e |

717 RLL 3%
718 174
719 SRT
2 -

721 RCL 11
7l *

723 RCL 17

731 RCL 15
732 %

733 RCL 18
734 +

733 5T% 36
736 ST+ 37
737 REL 3o
738 RCL 29
739 *

748 RCL 37
741 RCL 3@
742 *

743 -

744 RCL 27
745 (DS
746 *

747 RCL 04
748 C05
745

798 RCL 36
791 RCL 38
792 #

7593 RCL 37
794 RCL 29
733 %
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736 +

757 CHS
758 570 38
739 RCL B4
768 SIN
761 *

762 +

763 RN
764eLBL G
7653 RCL 11
766 RCL 38
7 %

768 RCOL 12
769 RCL 29
778 *
771+

772 CHS
TIIRCL I
774 RCL 29
773 %

776 RCL 12
777 RCL 3
778 #

7 -
788 RCL 12
781 RO
782 R-F

Lod
-]

790 ARCL Y
731 PRA
792 Bt

791 STO 28
794 RCL 27
795 -

796 RCL 83
797 +

798 *D RES="
799 ARCL ¥
208 PRA
gal apy
ga2 .EMD.

HP 41C

Vertical Prism

Program
Magnetics
MAGMOD XIII

BISLBL “MAG1Z"
B24LEL f

83 F 22

8 FIY 1

85 “F=

At PROMPT
87 F5¥ 22
88 5T0 82
@9 ARCL 82
18 PRA

i1 =I=-

12 PROMPT
{3 FS2C 22
14 ST0 &4
15 ARCL 84
it PRA

17 =B==

18 PROMFT
1% P50 22
28 STO 85
21 ARCL 85
22 PRH

23 A
24+LBL B

23 "INF H? {81

26 PRONPT
27 FR2L 22
28 ST0 13
29 ~Hi="
3@ FRONPT
31 F57C 22
32 570 14
33 ARCL 14
34 PRR

35 GT0 IHD
J6eLBL @A
37 CH2=®
33 PRONPT
39 F52C 22
48 ST0 13
41 ARCL 15
42 PR
43+LEL &l

44 =1s2 RIDTH="

435 PROMPT
46 F572C 22
47 ST0 {6
48 ARCL 1o
49 PRA

38 =1s2 LENGTH="

51 PROMPT
52 FS2C 22
33 810 17
54 ARCL 17
33 PRA

36 ADY

57 FIZ 6
38 "Ka=-
39 PROMPT
6@ FEIC 22
&l 570 1€
62 ARCL 1%
63 PRA

&4 FIX 1
63 °D="

66 PROHPT
67 FS2L 22

—

68 STO 19
69 ARCL 19
78 PRA

71 =I="

72 PROMNPT
73 F52C 22
74 STO 20
75 ARCL 26
76 PRA

77 Ay

78 FIX &
79 “Kb="
808 PRONPT
81 F5 22
82 570 21
33 fiRCL 21
84 PRA

85 FIX |
85 D=

27 PROMPT
88 FS7C 22
89 87O 22
9@ ARCL 27
31 PRA

32 ~I=-

93 PRONPY
94 F5¥ 22
95 ST0 23
9% ARCL 22
97 PRR

35 AbY

99 FIZ &
188 “Kc="
181 PROMPT
182 FS70 22
183 STO 24
184 ARCL 24
185 PRA

185 FIX 1
187 ==
133 PROMPT
189 F57C 22
118 ST0 25
111 ARCL 25
112 PRA

113 ~I=-
114 PROMPT
115 F57C 22
116 5TO 26
117 ARCL 26
118 PRA

119 ADY

126 "REMX8, 13

121 PROMPT
122 CF 22
123 CF 85
124 ¥=87?

125 6170 D
126¢LBL C
127 SF 85
128 ~J REW="
129 PROMPT

107



108

138 F52C 22
13t 570 A9
132 ARCL A9
133 PRA

134 =1 REN="
135 PRONPT
136 F57C 22
137 STC 07
138 ARCL @7
139 PRA

146 *B REM="
141 PROMPT
142 FS7C 22
143 ST0 88
144 ARCL 88
145 PRA

146 ADY
1474LBL 1
148 “BEARING="
149 PRONPY
158 FS2C 22
151 STG 27
152 ARCL 27
133 PRR

134 ARy
1551

156 RCL 28
157 RCL 19
158 KEQ 81
159 570 37
168 2(3Y
161 ST0 38
162 Rt

163 ST0 39
164 1

165 RCL 22
166 RCL 22
167 XEQ 81
168 STO 48
169 2O
178 870 41
171 Bt

172 §T0 42
1721

174 RCL 26
173 RCL 25
176 XEQ 91
177 870 42
178 XY
179 570 44
188 Rt

181 STO 45
182 *

183 RCL 24
184 *

185 RCL 42
186 RCL 41
187 *

188 RCL 21
189 *

198 +

191 RCL 18

192 RCL 38
193 +

194 RCL 39
195 *

196 +

197 ST10 45
198 RCL 18
199 RCL 18
288 Xt2
281 *

202 RCL 21
283 RCL 42
204 X12
205

286 +

287 RCL 24
208 RCL 45
209 Xt2
218

211 +

212 §70 36
213 RCL 24
214 RCL 42
21n *

216 5T 45
217 RCL 12
218 RCL 37
219 *

228 RCL 29
221 *

222 RCL 21
223 RCL 48
224 *

223 RCL 42
226 *

227 +

228 ST+ 45
229 RCL 18
238 RCL 37
231 2
232 *

232 RCL 21
234 RCL 48
235 2
236 *

237 +

238 RCL 24
239 RCL 43
248 312
241 x

242 +

243 ST0 39
244 RCL 18
245 RCL 38
246 %

247 ST+ 17
248 RCL 21
249 RCL 48
258 *

2531 RCL 41
252
233 RCL

a
-
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234 RCL 43
253 #

236 RCL 44
257 *

258 +

259 5T+ &7
268 RCL 18
261 RCL 38
262 #

263 5T+ 38
264 RCL 21
265 RCL 41
266 X2
267 *

268 RLL 24
269 RCL 44
278 it2
271 %

a2 +

273 8T+ 18
274 RCL 27
275 RCL B4
276 RCL 82
277 ¥E@ @2
278 STD @8
279 B
288 ST0 61
281 ST 11
282 Rt

283 STO @2
284 RCL 45
285 *

286 O3
287 RCL 37
288

239 +

298 XY
291 RCL 29
292 *

293 +

294 RCL 88
295 RCL 37
296 *

297 RCL &1
298 RCL 38
299 %

305 A 1
3ee RCL 46
387
3pg RCL 68
389 RCL 43
38
31+
212 RCL 82
313 RCL 3
4 *
3+

316 570 12
3T KO
318 ST0 18
319 FC? 85
328 GT0 82
321 RCL @9
122 ROL W7
323 RCL 82
324 SF 66
I25¢LBL 81
326 RCL 27
327 +

328 RCL 85
329 -

338 ¥ 2
3314LBL 82
332 PR
333 R0
334 RIN
335 P-R
336 FC2C 86
337 RIN
338 ST+ 12
339 ¥
348 ST+ {1
341 R

342 ST+ 12
343181 92
344 RCL 16
345 ST0 41
346 RCL 17
347 570 42
348 +

349 8706 42
158 4

351 PI

352 *

353 5T+ 41
154 5T+ 42
355 8

356 GTO THD 12
I57+LBL 89
338 RCL 15
339 RCL 14
368 -

361 ST+ 48
362 5T+ 41
363 57 42
364 RCL 16
365 RCL 17
366 *

367 2

368 *

369 ST+ 48
34
371

372 PL
Nis

374 RCL 40
s
376+LBL 61
377 570 42



I8 FIX 4
79 “NZ=-
389 ARCL X
381 PRA
382 ST+ 36
383 RCL 46
84+

385 ST 44
3% RCL 45
37 ST+ 43
388 RCL 41
389 ROL 48
98 /

391 “Ny="
392 ARCL ¥
393 PRA
394 ST+ 33
395 §T+ 46
39 RCL 37
397

398 STO 41
399 RCL 42
489 RCL 48
481

482 “Ny=-
483 ARCL ¥
484 PRA
485 ADY
496 FIX 1
487 ST+ 39
488 ST+ 37
489 ST+ 45
418 1

411 ST+ 39
412 ST+ 38
413 ST+ 36
414 RCL 38
415 RCL 3%
416 *

417 RCL 44
418 RCL 46
419

429 -

421 STO 49
422 RCL 18
423 +

424 RCL 43
425 RCL 46
42 *

427 RCL 41
428 RCL 3%
429

438 -

431 RCL 11
432 +

432 +

434 RIL 41
435 RIL 44
43 +

437 RIL 43
438 RIL 32
439

MAGNETIC EXPLORATION MODELS

449 -
441 RCL 12
442
42 +
444 §TD 29
445 ROL 44
446 RCL 45
447
448 RCL 37
449 RCL 36
450
451 -
452 ST0 42
457 RCL 1A
454 *
455 ROL 39
456 RCL 36
457
453 RCL 43
459 RCL 45
468 *
461 -
462 RCL 11
453
464 +
465 RIL 43
466 RCL 37
467 *
468 RCL 39
469 RCL 44
478 +
471 -
472 RCL 12
473 +
474 +
475 ST0 38
476 ROL 37
477 RCL 46
478 +
479 RCL 32
480 RCL 45
431
422 -
483 $T0 51
434 RCL 12
485
486 RCL 41
437 RCL 45
488 *
489 RCL 39
498 RCL 45
431
492 -
493 RCL 11
494
495 +
4% RCL 39
497 RCL 38
498 +
499 RCL 41
588 RCL 37
581 *

S8z -

383 RCL 12
384 *

383 +

386 RCL 33
587 RCL 40
308 *

589 RCL 41
518 RCL 42
St =

512 +

513 RCL 43
514 RCL 31
315 #

Ste +

517 81/ 29
518 87/ 38
9/

52@ ST 31
521 RCL 38
322 RCL 23
21 R-P
524 A0Y
325 870 28
526 RDN
527 R-F
528 ST0 12
529 81/ 29
538 57/ 38
331 517 31
332 ROY
533 570 18
534 RCL 28
533 RCL 27
336 -

537 RCL 83
938 ¢

939 ST0 11
548 RCL 82
341 ST/ @@
342 8T/ @l
542 517 82
344 RCL 29
745 RCL &2
546 ST0 29
547 *

548 RCL 31
549 RCL 08
558 STO 37
351 %

552 +

553 870 36
554 RCL &1
595 510 38
556 RCL 22
557 §T» 37
538 RCL 38
999 5T+ 38
368 2

561 8T 37
562 5T+ 38
63 8T+ 3!

109

564 RCL 31
565 ST+ 39
S664LBL E
567 “XNIN=2"
568 PROWPT
569 FS2C 22
578 ST0 32
571 “¥MAX=7"
572 PROMPT
573 FS2C 22
574 ST0 34
575 "¥INC=2"
576 PRONPT
577 F5C 22
578 810 35
379 RCL 32
588 570 33
S81+LBL 84
582 “¥="
583 ARCL 32
384 PRA

585 XEf 81
586 =BZ="
587 ARCL 55
588 PRA

589 "BY="
598 ARCL 54
591 PRA

592 ADY

593 RCL 35
594 ST+ 32
395 RCL 34
596 RCL 33
597 X{=Y?
598 GT0 04
599 STOP
608 GT0 E
681+LBL F
682 "BZ NIN=?"
682 PRONPT
684 F52C 22
585 570 47
686 “BZ MA¥=?"
687 PROMPT
688 FS2C 22
£89 STO 42
618 "BT NIN=7"
£11 PROMPT
612 FS2C 22
€13 STO 49
614 =BT HA¥=7"
613 PROMPT
616 FS2C 22
617 5T0 58
618 126

619 570 82
628 RCL 47
621 5T0 88
622 RCL 43
€23 570 &1
624 SF 12
625 =BZ"
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626 SF 86
627 FIX 8
628 XeQ 83
629 CF 86
639 RCL 49
631 ST0 @8
632 RCL 58
633 STO 81
634 ADY
635 SF 12
636 =BT"
637 XEQ 83
638 FIX |
633 5TOP
648 G0 E
641¢LBL @3
642 PRA
643 CF 12
644 “HIN="
643 ARCL B
646 "t HAX="
647 ARCL 91
648 PRA
649 127
658 ACCOL
651 124
692 SKPCOL
633 127
634 ACCOL
635 ADY
656 RCL 32
637 STC 33
658¢LBL 85
659 RCL 32
668 ACK
661 XEQ 81
662 RCL 54
663 F57 8¢
664 RCL 53
663 REGPLOT
666 RCL 35
667 ST+ 32
668 RCL 34
669 RCL 33
670 1(=Y?
671 GTC 85
672 ADY
673 RTN
674+LBL 81
675 RCL 14
676 ST0 42
677 XEQ 86
678 RCL 52
679 STO 54
688 RCL 33
681 STO 55
682 GTO IND 12
683+LBL 68
684 RCL 15
683 5T0 42
686 XEQ @6
687 RCL 52
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638 ST- 54
689 RCL 53
£99 ST- 53
691¢LBL 81
692 RCL 12
693 ST+ 54
694 ST# 55
695 RTH
6969LBL 86
697 RCL 16
698 RCL 32
§99 -

789 STO 48
701 RCL 17
782 S0 41
783 XEQ 06
784 ST0 52
785 XOY
706 ST0 53
707 RCL 16
708 RCL 33
789 +

718 CHS
711 ST0 40
712 -1

713 5T+ 41
714 XEQ 86
715 ST+ 52
716 ROV
717 5T+ 53
718 RTN
719¢LBL 86
720 RIL 42
721 RCL 41
722 RCL 48
723 R-P
724 RCL 2
725 R-P
726 STO 43
727 RCL 41
728 -

729 ROL 43
738 RCL 41
731+

732 /

733 LN

734 STO 44
735 RCL 48
736 RCL 41
737 %

738 ST0 45
739 570 46
748 STO 51
741 RCL 48
742 12
743 RCL 43
744 ROL 42
745 %

746 ST/ 51
747 LRSTY
748 X2
749 +

758 +

751 577 45
752 LASTY
793 RCL 41
754 Xt2

733 +

736 ST/ 46
757 RCL 44
758 RCL 29
759 *

768 RCL 51
761 ATAN
762 I-R

763 ST0 51
764 RCL 3
763 #

766 +

767 RCL 36
768 RCL 44
769 *

778 RCL 37
771 RCL 45
772 ATAN
773 D-R

774 %

775 -

776 RCL 38
777 RCL 46
778 ATAKN
779 IR

784 +

781 -

782 RCL 39
783 RCL 51
784 *

783 +

786 RTN
787+LBL G
788 °J RES="
789 ARCL 12
798 PRA

791 "I RES="
792 ARCL 18
793 PRA

794 "D RES="
795 ARCL 11
796 PRA
797 ADY

798 .END.
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Computation of AB,,

ABT=ABH cos I + AB. sin 1
ABu=AB, cos 8=AB, cos D, if +x axis is along true north

Although MAGMODS [-XIII have been designed to compute the
commonly used total magnetic intensity and less commonly used ver-
tical magnetic intensity anomalies, it is possible to modify each pro-
gram so that the horizontal magnetic intensity anomaly is computed if
ABy is required for some purpose. The following procedures illustrate
how this may be done by replacing the AB, computation. It is also
possible to modify each program such that all three anomalies (ABT,
AB,, ABn) are computed, but this will not be presented here. The
following suggested changes might enable the recovery of ABy from
the programs.

MAGMODS I-111

Since AB, is an intermediate result in the calculation of ABT the re-
quired changes are made in the final calculation subroutine

MAGMOD I —Replace line 282 (RCL 28) with RCL 21
— Delete line 284 (CHS)
—Insert: RCL 19
COS
* after line 283

MAGMOD II - Replace line 278 (RCL 28) with RCL 21
— Delete line 280 (CHS)
—Insert: RCL 19
COS
* after line 279

MAGMOD 11l — Delete line 338 (STO 36)
—Insert: STO 36 after line 345

MAGMOD 1V
For this model, the calculation of a,, a3; and a,; must be altered as
follows:
— Replace line 158 (STO 21) with STO 36
— Replace line 170 (RCL 21) with RCL 36
— Replace lines 307-315 (CHS—STO 31)
with: 3

*
STO 31
RCL 20
STO 29
ST+29
CHS
STO 30
RCL 17
COS
ST*29
ST*30
ST*31
LAST X
SIN
RCL 36

*
ST-29
ST-30
— Change register allocation (size) to 037

MAGMODS V-X, VIIIA, VIIIB

For these models, the calculation of C, and Cs; must be altered as
follows:

MAGMOD V —Delete line 155 (CHS)

—Insert: -2

* after line 154
—Replace line 156 (STO 21) with STO 20
—Delete lines 159—161 (STO 28 %)
—Replace line 162 (STO 20) with STO 21
—Replace line 172 (RCL 28) with RCL 21
—Replace line 179 (RCL 28) with RCL 21
—Insert: RCL 18

COS

STx*20

ST=21 after line 188

MAGMOD VI/VII — Delete line 178 (CHS)
—Insert: —2
+ after line 177
— Replace line 179 (STO 25) with STO 24
— Delete lines 182—184 (STO 32—+)
— Replace line 185 (STO 24) with STO 25
— Replace line 195 (RCL 32) with RCL 25
— Replace line 202 (RCL 32) with RCL 25
— Replace line 202 (RCL 32) with RCL 25
—Insert RCL 22
COS
ST«24
ST=25 after line 211

MAGMOD VIII - Delete line 162 (CHS)

—Insert: -2

* after line 161
—Replace line 163 (STO 25) with STO 24
—Delete lines 166— 168 (STO 32—x)
—Replace line 169 (STO 24) with STO 25
—Replace line 179 (RCL 32) with RCL 25
—Replace line 186 (RCL 32) with RCL 25
—Insert: RCL 22

COS

STx24

ST=25 after line 195

MAGMOD VIII A — Delete line 257 (CHS)

—Insert: —2

* after line 256
— Replace line 258 (STO 25) with STO 24
— Delete lines 261 —263 (STO 32—+%)
— Replace line 264 (STO 24) with STO 25
— Replace line 274 (RCL 32) with RCL 25
—Replace line 281 (RCL 32) with RCL 25
—Insert: RCL 22

COS

STx24

STx*25 after line 290
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MAGMOD VIII B-— Delete line 657 (CHS) MAGMOD XIII
—Insert: —2
+ after line 656
—Replace line 658 (STO 33) with STO 32 For this model the calculation of Ln+ N/, L/, Mm and Nn must be
— Delete lines 661 —663 (STO 40— x) altered as follows:
—Replace line 664 (STO 32) with STO 33 —Delete line 563 (ST * 31)
— Replace line 674 (RCL 40) with RCL 33 —Insert: ST # 39
— Replace line 681 (RCL 40) with RCL 33 ST * 29
—Insert: RCL 30 ST * 30 after line 562
59532 — Replace lines 758783 (RCL 29—RCL 51)
* ith:
ST=*33 after line 690 wit RCL 31
MAGMOD IX - Delete line 155 (CHS) *
—Insert: —2 RCL 45
* after line 154 ATAN
—Replace line 156 (STO 23) with STO 22 D-R
—Delete lines 159—161 (STO 30—x) STO 45
—Replace line 162 (STO 22) with STO 23 RCL 29
— Replace line 172 (RCL 30) with RCL 23 *
—Replace line 179 (RCL 30) with RCL 23 —
—Insert: RCL 20 RCL 46
COS ATAN
STx*22 D-R
ST=23 after line 188 STO 46
MAGMOD X — Delete line 161 (CHS) RCL 30
—Insert: —2 *
= after line 160 -
— Replace line 162 (STO 18) with STO 17 RCL 36
— Delete lines 165— 167 (STO 25—#) RCL 44
—Replace line 168 (STO 17) with STO 18 *
— Replace line 178 (RCL 25) with RCL 18 RCL 37
—Insert: RCL 15 RCL 45
COS *
STx*17 -
. RCL 38
ST=18 after line 194 RCL 46
*
RCL 39
RCL 51
ATAN
MAGMODS XI A, X1 B, XII D-R
*
For these models, ABy is an intermediate result in the calculation of +
ABT, so the required changes are again in the final calculation RTN
subroutine.
MAGMOD XI A —Insert: (STO 48) after line 984 NOTES

—Delete line 995 (STO 48)

MAGMOD XI B—Insert: (_STO 48) after line 972 The above line numbers are those in the current program listings, to

—Delete line 983 (STO 48) complete the changeover from AB, to ABy in each case, in alpha

MAGMOD XII—Insert: (STO 36) after line 746 strings containing “BZ”, “BZ” must be replaced with “BH” (e.g. “BZ
— Delete line 758 (STO 36) MIN="=“BH MIN=").
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MAGMOD XIV - VERTICAL CIRCULAR CYLINDER

Notation

0 : origin of co—-ordinates, at the intersection of the cylinder
axis and the observation plane

h : depth to top of bottomless cylinder

hy, hy: depth to top and bottom, respectively, of cylinder with finite
depth extent

R : radius of cylinder

Ry,Ry: inner and outer radii, respectively, of annular cylinder

Other symbols as for previous MAGMODs

Formulae:

8B, = 2WI[(Nn' - L&) T (1,0;0) - (Mm';”') I (1,1;-1) + (N&' + Ln') I (1,1;0)]
where
1(1,050) = Wg{%‘[’)‘ P (K) = 3= A (8,6) + 1/R (|x|<®)
—xh
=_—"2 F (x)+ 1/2R (|x{=R)
w: O I
_ -xh 1
= TR[ED Fo (D *2m o (B0 (|x]>R)
hE () h 2. 2.2
I (1,1;-1) = 5—p - K R%4x*+h% /2)F (k)
2/ (R]x]) 4(R'x')3/2 o
2 2
+ (RR’; ) A (8,0) + |x|/2R (|x|<®)
hE (k) xh
o 2.2 o
" @ T3 (R“+0"/2)F (k) + 1/2 (|x|=R)
hE (k) xh
0 2 2 2
- - ®? + x* + n%/2)F (©)
ZK/KRTXI) 4(R|x|)3/2 )
(x* %)

+W A, (2,%) + R/2 x| (xR
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__ 1 2 _
LL150) = gty (A7 /DR (0 = B,(0)]

< = 2/@R|x)/V[®R+|x|)2?] , sin e = /Y[ (R-|x[)? + b?]
F (k) = 2/m) R(x) , EO(K) = (2/m)E(k)

K(k) and E(x) are the first and second complete elliptic integrals

Ao (%,k) is Heumann's Lamba function

h

—)
/(h24r?)

* At x = 0, ABi =7nJ [2(Nn'~LL") - (Mm'-L&")] (1 -
* The above formulae pertain to a bottomless solid cylinder. Anomalies
due to cylinders of finite depth extent and due to annular cylinders are

obtained by subtraction in an obvious fashion.

References

S.K. Singh and F.J. Sabina, Geophysics, 43 (1978), 173-178; 1312 (erratum)
P.F. Byrd and M.D. Friedman, "Handbook of Elliptic Integrals for Engineers
and Physicists”, 1954, Springer-Verlag, Berlin.

HP41C Registers MAGMOD XIV

00-12 Same as MAGMOD I-X

13 Finite/Inf Flag

14 Depth to Top

15 Depth to Bottom

16 Annulus Flag

17 Inner Radius (R1: IF Annulus)

18 Outer Radius (R2: IF Annulus)
(R: 1IF Cylinder)

19 Susceptibility

20 Bearing B

21 Bearing BR w.r.t. JRES

22 N

23 L

24 Mm-L1

25 Nn-L1

26 N1+Ln

27 XMIN

28 X

29 XMAX

30 XINC

31-54 Inter. Results
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DEMAGNETISATION CORRECTION FOR VERTICAL CYLINDER

Approximate demagnetising factors

(i) Solid cylinder

Z
]

Ny = 21T(h2 - hl)/[hZ - h1

-4
i

= lnrR/[h2 - h, +R] >0 for bottomless cylinder

1

(ii) Annular cylinder

2 2

Nx = Ny =27 (h2 - hl)/[hz - h + " (R2 - Rl)]
_ 2 2 2 2

N = 4w 1/(R2 - Rl)/[hz - h + /(R2 - Rl)]

Susceptibility tensor elements in Xyz system

kij (i, j = %, y, z) as for vertical prism (MAGMOD XIII).
M ix K = [k,;.].
atrix [ iJ]

Resultant magnetisation, corrected for demagnetisation

Field and magnetisation components as for vertical prism.

1 +k N k_N k_N
XX X Xy X Xz z
A=I1+KN= 1%k N 1+k N k N
Xy X yy X yz z
k N k N 1+%k N
Xz X yz x zz z

Jro= ALRE 400 = 3@, M, N

where J', L', M', N' are calculated as for vertical prism.

+ R] + 2w for bottomless cylinder
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User Instruections

MAGMOD XIV:

INDUCTION AND REMANENCE

VERTICAL CIRCULAR CYLINDER AND ANNULUS

USER mode
DEG mode
(with facility to enter a resultant magnetisation /SIZE 055
incorporaging demagnegisation andganisotropy

STEP INSTRUCTIONS DA'T'XF,’S,LTS KEYS DSIHATIE:IT‘I'S
1 Load cards, run program B&ii] EQEEE F=
2 Geomagnetic field magnitude F [:::j EZE:] 1=
3 Geomagnetic field inclination I [:::j[ilgij D=
4 Geomagnetic field declination D I:' INE?2<0,1>
Sa |If finite depth extent cylinder 0 (zero) I: Hl=
S5b |If infinite depth extent cyclinder 1 (one) E:l Hl=
6__|Depth to cylinder top (a) finite depth extent h1 l_—_! H2=
(b) infinite depth extent [:::] [:::]
(go_to 8) hy L] ANNULUS? <0}, 1>
7 |Depth to cylinder base h2 L] ANNULUS?<0}, 1>
8a JIf cylinder only (go to 10) 0 [::::][:Ei] Rl=
8b | If annulus 1 ': Rl=
9 {Annulus inner radius Ri R1i [:::] E;E;j R2=
10 | Annulus outer radius R2 or cylinder radius [:::] [:::]
R(=R1) Ro, or R | L] SUSC=
11 |Susceptibility contrast k [:::] R/S REM?<0,1>
12a| If remanence absent 0 Cj J,I,D RES
[ 10 ] |accepro<o,fi>
12b]Either accept the computed (induced) [:::] [:i:]
magnetisation (=JRES print out) 1 l:] BEARING=
12clOr reject it and key in indepentently calculated 0 [:::j &zg:] JRES-
values which may take account of demag. §/or |:] IRES=
aniso. [:::] [:::] DRES=
(go_to 13) [ 11 |BEARING=
12d] If remanence present 1 [:::] @ZE:] JREM=
12e|Remanent magnetisation magnitude JREM [i::] EIE:] IREM=
12f] Remanent magnetisation inclination IREM [::i] &25:] DREM=
12g|Remanent magnetisation declination DREM [:::] @25:] J,I,D RES
[ JL 1 |accepre<o.p>
12h|Either accept the computed resultant 1 [:::][:25:] BEARING=
magnetisation [:::] [:::]
12i]0r reject it and key in independently calculated 0 [:::j Ei&;:] JRES=
values which may take account of demag. §/or L:;:] [:::j IRES=
aniso, [:i:] [:::] DRES=
13 |Azimuth of magnetic north w.r.t. +x axis B L ITR/s ] |xuiN=?
(bearing) 00 ]
14 [Minimum (Principal Profile) x value XMIN L] &ZE:] XMAX=?
15 |Maximum (Principal Profile)} x value XMAYX ,:] XINC=?
16 |Profile x increment XINC [ I[R/s

Remainder of instructions similar to previous MAGMODS (RCL21 for BR)



MAGNETIC EXPLORATION MODELS

MAGMOD XIV
VERTICAL CIRCULAR CYLINDER

Infinite depth extent, finite depth extent by subtraction; anomaly of annular cylinder
by subtraction of effect due to concentric cylinder of lesser radius and equal depth extent.

PLAN ELEVATION
- TN MN -

ANNULUS plan

Comments:

1. The MAGMOD XIV program can accept a resultant magnetisation,
worked out independently, incorporating the effects of demagnetisation
and/or susceptibility anisotropy, using the above formulae for
demagnetising factors. Calculation of the resultant magnetisation is
facilitated by using the HP 41C MATHPAC Matrix Operations program. The
calculated values can be entered into the MAGMOD XIV program at steps
12¢c or 1214. However, it is thought that induction * remanence will
suffice for most applications of this model.

2. The approximate demagnetising factors for the solid cylinder
are equal to those given by the formulae of MAGMOD XIII for a
circumscribed square prism and compare well with tabulated demagnetising
factors. For the annular cylinder the demagnetising factors are taken
to be those of solid cylinder of equivalent cross—section area. The
accuracy of this approximation is uncertain.

3. MAGMOD XIV is useful for modelling specific types of body
which frequently approximate the assumed geometry (intrusive plugs, ring
dykes, contact aureoles). It is a slow program owing to the large
number of iterations required to accurately calculate A, particularly
if h/R is large. For h/R >>1 MAGMOD XIII with X = Y is a satisfactory
alternative. Some inaccuracy due to round-off errors may be
encountered at stations nearly over the edge of the cylinder (i.e. at
x = R). The plot (key F) is very slow for MAGMOD XIV; it has been
included nevertheless.
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Worked Example
MAGMOD XIV
Vertical Cylinder
Finite Depth Extent
Induction and
Remanence

S(-x) to N(+x)
Traverse

F=8. 680, 8
=-70.8
I=18.8

Hi=2.

HZ=10.4
Ri=4.8
SUSC=0. 881888

J REM=128.8
I REM=0.8
D REM=98.%

J RES=11%.6
I RES=-28.1
D RES=79.8

BEARING=18.8

X=-2.8
BZ=12.2
BT=-22.3

A=-7.8
BZ=11.1
BT=-25.%

¥=-5.8
BZ=-18.
BT=-21.

g Py

X=-4.8
BZ=-45.5
BT=3.2

%=-1.8
BZ=-91.5
BT=44.3

X=-2.8
B2=-129.8
BT=35.1

X=-1.8
3=-153.4
T=117.8

X=#.8
BZ=-176.5
BT=148.%

EMERSON ET AL

¥=1.9
BZ=-176.5
87=156.7

¥=2.8
BZ=-171.6
BT=163.7

i=3.48
BZ=-158.9
BT=156.8

4=4.8
BZ=-111.¢
BT=127.1

i=3.8
BZ=-83.3
BT=87.1

%=5.8
BZ=-38.2
BT=53.2

4=7.8
BZ=-21.2
BT=34.8

¥=8.4
BZ=-11.3
BT=22.3

BZ
HIN=-208.
H

-&,

== BV I A T I T N O~ I %)
WM s W N e ke oa
)-(

BT
WIN=-38.

1 i ' ¥
A =g 0D
Mo oM M o T

]
.
"

29

Lol B = A, R - AW B I e "I o ]
P M )

Worked Example
MAGMOD X1V

Annular Cylinder
Infinite Depth Extent

Induction and
Remanence
S(-x) to N(+x)
Traverse
F=t@,0048.8
I=-78.8

b=18.8

=8.981008
J REM=168. 4

I REM=8.8

I REM=94.8

J RES=119.%
I RES=-28.1
I RES=79.0

BERRING=18.8

HAx=2a@.

BY=23.5

¥=3.8
BZ2=-13.5
BT=18.7

L2 2
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MIN=-78. MA¥=14.

i
-8.
-7,
-6.
-5, :
-4, s
-3.
-2, :

_1. r

l:l:i."\la\t.ﬂ-ﬂﬂ-l'.»JMHm
- P
-

MIN=-14. Max=74,

]
)
"

it e e e wim s e mem wim mm wam mw la

oo«.l?\w-a-wm»ts
- = w s ow e w .

HP41C
Vertical
Cylinder
Program
Magnetics
MAGMOD XIV

@1eLEL “HAGI4"
AzeLBL R

B3 CF 22

84 FIX 1

85 "f="

86 PROWPT

87 FS7C 22

88 5T0 42

@9 ARCL A2

18 FRA

MAGNETIC EXPLORATION MODELS

11 =I==

12 PROMPT

13 F8%C 22

14 570 94

19 fARCL 84

16 PRA

17 =1="

18 PROMPT

19 F52C 22

28 STO 85

21 ARCL A5

22 PRR

23 ADY

24+LBL B

23 “INF2<8, 13"
26 PROWPT
27 FS?C 22
28 570 13
29 =Hi="
34 PRONPT
I FSC 22
32 §T0 14
33 ARCL 14
34 PRA

35 GTD INE
Io+LBL 08
37 "H2="
38 PROMPT
39 FS2C 22
48 ST0 15
41 ARCL 13
42 PRR
43+LBL 81

e

44 “AHNULUS?{8. 1>"

43 PROMPT
46 FS2C 22
47 570 16
48 °Ri="
49 PROMPT
58 GT0 IND 15
S1eLEL 81
52 FS2C 22
93 570 17
54 ARCL 17
55 PRA

5% "R2="
57 PRONPT
58+LBL 88
59 FS7C 22
68 570 18
&1 ARCL 18
&2 PRRA

63 FIX &
64 "SUSC="
€5 PROMPT
66 FSC 22
67 570 19
68 ARCL 19
69 PRA

78 ADY
7LFIX 1
72 RCL 19

73 RCL 82
74 *

73 570 @6
76 §T0 12
77 RCL 04
78 570 18
79 RCL 85
ge ST 11
81 "REM%(B, 1>
82 PROMPT
83 CF 22
84 ¥=47

83 GT0 &1
S6eLBL C
87 =J REM="
82 PROWPT
89 FS7C 22
3@ STO @9
91 ARCL 89
92 PRA

93 =1 REH="
94 PROBPT
93 FS7C 22
9 ST0 @7
97 ARCL @7
98 PRA

99 =D REM="
188 PROMFT
181 F57L 22
182 §70 68
183 ARCL BE
@4 PRA

185 ADY

104 RCL 68
187 RCL @7
188 RCL @9
@9 P-R

11e ¥
{11 570 18
112 RN

113 B-R

114 5370 1
115 RIH

116 570 12
117 RCL 85
118 RCL 64
119 RLL 86
128 P-R

121 B
122 ST+ 18
123 RN

124 P-k

125 5T+ 1!
126 RDN

127 57+ 12
128 RCL 18
129 RCL 12
138 RCL 11
131 ®-P

132 20
133 §T0 11
134 RIM

135 R-P

136 570 12
137 RI¥

138 870 18
139+L8L 8!
148 XEG G
141 =ACCEPTXA, 13"
142 PROMPT
143 CF 22
144 2387
143 GT0 D
145 -1 RES="
147 PROMPT
148 FS2C 22
149 510 12
158 ARCL 12
151 PRA

152 =1 RES="
153 PRONPT
154 F57C 22
153 §70 18
156 ARCL 1@
137 PRA

158 B RES="
153 PROMPT
168 FS2L 22
161 570 11
162 ARCL 11
163 PRA

164 AV
{65¢LBL I
166 "BEARING="
167 PRONFT
165 F52C 22
169 570 28
178 ARCL 29
171 PRA

172 ADY

173 RLL 28
174 RCL 63
175 -

176 RCL 11
177 +

178 ST0 21
179 RCL 18
18¢ 1

121 P-R

182 k{3
183 570 22
184 570 25
185 STO 26
186 RDM

187 P-R

188 8710 22
183 570 94
198 RO
191 570 24
192 RCL 24
193 RCL 84
1941

195 P-E

196 ¥V

119
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197 5T+ 25
193 ST+ 88
199 RDK

286 P-R

281 5T+ 26
282 RCL 22
283

284 57- 25
205 R
205 5T+ 24
287 RO
288 5T- 24
289 RCL B8
218 ST+ 2¢
2{1slBL E
212 “XRIN=?"
213 PRONPT
214 F52C 22
213 570 27
216 "iMAR=7"
217 PROMPT
218 £52C 22
219 570 29
228 KINC=?"
221 PROMPT
222 F50 22
223 570 24
224 ROL &7
225 570 28
226¢LBL A4
227 =x="
228 ARCL 28
2729 PR

238 KEQ 8l
231 -pa="
232 ARCL 34
231 PRA

234 -g7="
235 ARCL 53
236 PRA

237 ADY

238 RLL 38
239 5T+ 248
248 RCL 2%
241 RCL 28
242 ¥{=Y?
243 GTO 84
244 STOP
245 GTOE
246+LBL F
247 =BZ WIN=?"
248 PROMPT
249 FS2C 22
258 5T0 21
251 “BZ MAR=%"
232 PROMPT
253 FS2C 22
254 570 32
255 BT WIN=?
256 PROMPT
257 FSoC 22
258 5716 32

EMERSON ET AL

239 =BT Mpx=2- 321 ZE@ 86
268 PROMPT 322 RDN
261 F52C 22 323 5§70 33
262 570 34 324 ¥OXY
263 126 325 570 54
264 5T0 82 326 GTO IHD 16
263 RCL 31 J27+LBL 01
266 ST0 o8 328 RCL 17
267 RCL 22 323 570 35
268 ST0 21 338 XEG 86
269 §F 12 331 RDH
278 FIZ @ 332 §7- 53
271 SF #7 333 RO
272 =gz~ 334 ST- 54
273 ¥EGQ @2 335+LBL 20
274 RCL 33 336 RCL 12
275 570 28 KX T

276 RCL 24 138

277 ST0 #1 339 PI

278 §F 12 348

279 CF &7 341 5T+ 53
288 -BT- 342 5T+ 54
281 XER @2 343 RTH
282 FIX | J44+LBL At
282 STOP 343 RCL 14
284 GTO E 346 ¥12
283+LBL 83 347 570 36
286 PRA 348 HEQ 86
287 CF 12 3493 ROL 37
288 “HiN=" 358 570 58
28% ARCL 98 331 RCL 38
298 ~t HAx=" 352 570 51
291 ARCL 81 353 RCL 3%
232 PRA 354 570 32
293 127 355 GTD IND 12
294 ACCOL 3564LBL Bg
295 124 357 RCL 15
296 SKPLOL 358 Xt2
297 127 352 570 36
238 ACCOL 368 XER A6
239 Aby 36l RCL 37
384 RCL 27 362 §T- 50
38l 570 28 367 RCL 38
302+LBL 8% 364 5T- 51
383 RCL 28 363 RCL 39
384 Acy Joe 57- 52
385 XEQ B1 Je7+LBL 81
386 RCL 53 368 RCL 28
187 F57 &7 369 ABS
383 RCL 54 378 SF 25
389 REGPLOT 371 517 51
318 RCL 38 2 LF 25
31 8T+ 28 I73 LASTR
312 RCL 29 374 SIGH
313 RCL 28 375 5T+ 52
34 (=2 376 RCL 22
313 GT0 85 377 BCL 58
Ile AW g x

317 RTH 373 RCL 23
J18eLBL A1 388 RCL 52
319 RCL 18 231 %

328 570 35 382 -

386 RCL 24
387 RCL 51
388 *
9 -
98 RCL 26
391 RIL 52
392 *
393 -
394 ROL 28
295 ¥=47
39 RTH
397 RIN
398 ROL 35
399 5T# ¥
498 5T+ 2
41 RTH
482+LBL 96
483 1,386294361
484 570 37
485 1
486 570 13
497 .5
488 5T0 39
489 RCL 28
410 %=87
411 GT0 83
412 ABS
413 RCL 35
414 *
415 ST0 48
416 LASTY
417 RCL 28
418 ABS
419 +
426 ¥12
421 RCL 36
22+
23/
424 4
425 *
426 570 41
427 9.666344259 £-2
425 1
429 RCL 41
438 -
431 STO 42
432 %
433 ST+ 37
434 LASTX
435 (4432514146
436 *
37 5T+ 38
438 124935938
439 RCL 42
446 *
441 §T+ 39
442 LASTY
443 , 2499534031
444 *



445 570 43

446 3.5984892381 E-2
447 RCL 42

448 K12

449 *

458 5T+ 37

451 LASTX

452 6.26860122 E-2

453 «

454 ST+ 18

455 6.88824857¢6 £-2
456 RCL 42

457 Xt2

438 =

459 57+ 38

468 LASTX

461 9.280188837 £-2
462 *

4632 5T+ 42

464 3.742563713 E-2
463 RCL 42

466 3

467 Y

468 570 44

469 *

478 57+ 37

471 LASTY

472 4,757383%46 E-2
473 %

474 ST+ 32

475 3.32835534¢6 E-2
476 RCL 44

477

478 87+ 19

479 LASTY

480 4,069697526 E-2
481 *

482 ST+ 42

483 1.451196212 E-2
484 RCL 42

485 4

486 Y13

487 STO 44

488

489 5T+ 37

498 LASTH

491 1.7365@6451 E-2

- 492 %

493 5T+ 38

494 4,41787812 E-3
495 RCL 44
496 *

497 5T+ 39

498 LASTY

499 5.2644963% E-3
508 *

581 ST+ 43

582 RCL 39

583 RCL 42

384 1/%

585 LK

98h *

MAGNETIC EXPLORATION MODELS

587 5T+ 37
588 LASTY
389 RCL 43
514 =

511 5T+ 38
5i2 2
HIP
514/

515 5T 37
516 §T+ 38
517 RCL 26
518 RCL 35
519 RCL 28
328 ARS
521 -
922 X
522 R
524 +
25/
s26 |
527 STO 42
528 X=Y?
529 GTO 42
338 RDN
531 §TO0 39
932 SQRT
533 RAD
934 ASIH
535 8T* 42
536 ST0 43
337 TRH
538 173
539 ST0 44
548 BEG
941 RCL 32
4z GT* 43
HLE S

544 STO 46
M5/

546 STD 47
547 RCL 37
548 STO 48
S49¢LBL @7
558 RCL 42
591 ST+ 47
532 5T#* 43
533 RCL 48
534 RCL 47
355 -

596 ST0 49
357 RCL 44
558 RCL 22
959 *

568 STO 44
561 RCL 46
562 CHS
963 7

S64 LASTY
965 CHS
966 1/%
567 LASTE
568 1

569 -

978

571 RCL 45
572 %

573 +

574 STO 45
575 RCL 49
576 ¢

577 5T- 43
578 t E-18
579 K37
588 GT0 @2
i

582 ST+ 46
583 RCL 46
584 ST7 47
585 1

586 -

587 §T* 47
588 1

589 -

598 577 42
5911

bl ]
SF

5493 5T+ 43
594 GTO 67
595¢LBL @2
596 RCL 41
597 RCL 44
598 *

593 17%
£8@ 570 42
681 SGRT
68z 1

683 RCL 41
684 2

583 /

605 -

£87 RCL 37
£88 *

&89 RCL 38
6ia -

A1 %

612 570 39
613 RCL 41
614 RCL 36
615 %

616 RCL 48
617 3

618 Y12
619 7

628 SERTY
621 -4

622 /

623 §Tx 37
624 RCL 42
625 RCL 36
626 %

627 4

628 7

£29 SORT
£38 5T 38

£31 RCL 28
632 RCL 35
633 R-F
634 X12
635 RCL 36
636 2

637 7

638 +

639 RCL 37
648 *

e41 ST+ 38
642 RCL 43
642 RCL 35
hdd4 2

645

646 7

w47 RCL 28
£4E ABS
£49 ST* 37
€568 RCL 25
651 ¥{=Y?
652 SF B&
€53 -

£54 SIGH
£55 %

£56 ST+ 3F
657 RCL 35
€58 K12
£59 RCL 28
668 XtZ
&61 -

fRZ *

663 RCL 28
664 RBS
665 2

£hE *

867

668 ST- 38
669 RCL 22
678 fABS
671 RCL 33
672 /

672 FS7? B¢
674 17%
675 2

£76 7

677 ST+ 38
678 F57C 86
679 GT0 A1
688 RCL 35
681 172
682 ST+ 37
£R2+LBL 81
£24 RTH
685¢LBL B2
636 1

€87 RCL 36
688 RCL 35
689 ¥12
£98 RCL 38
691 +

692 7
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693 SGRT
694 -

693 870 37
696 2

£97 7

698 510 38
699 &

788 570 39
781 RTH
7A2¢LBL G
702 FIX ¢
784 =J RES="
785 ARCL 12
704 PRA

787 =1 PES="
788 ARCL 18
789 PRA

718 =D RES="
711 ARCL 11
712 PRA

713 apy

714 .END.





