D (Fet /9/7y5/‘c5 wunder contro/

Mdﬁn/‘Z‘aa/e of force of 3/‘@/1‘?}/ .
Notice £ ror Symmefry IS I*D proé/ er.

|
l‘.
~r/ |
|
|
|




2) Get MATLAB wunder control/

9 1S a veclor
in THis case we wrll onl (Vi need 2-d vectors
(£ Fon Symmez‘ry>
So we rneed eway/ Zo /‘epreéenf veclors

For the case of 2—d vectors MATLAB has Zwoo
wayé o repreéenf veclors

D Use rega/ar MATLAB vectors Cal, EA_.], or
Ca,b]

2) Use complex numbers atib



TZ Zerns owd thatd M 4 72.4 B does sorre interes Z‘/ng
Z /7//735 eort COMP/ ex numbers and i 1S easier o
wse Zhe COMP/ ex number method when you can.

1y




MAT1AB (L(Sé(d//y, Sometimes?) treats a vector of
COM/?/ ex numbers as a vector of Lx 4 ] /aa/rs .

Fél‘ insSlance

25 | | T 1 | | |
20 - .
22 x=Los1
X =
o ! 2 3 4 s
22 z=x+Kx A2 15| v
Z =
Columns 1\ hrough s
o L0000 + 1.0000/ 2.0000 + 4.0000/ 3.0000 + 9.0000/ 4.0000 +6-0000/
Colurn ¢
5.0000 +25.0000¢ 10 - ; -
>> plo 2) o
5 _




To calculate the force of 3/\4\/;4/ on the surface
of” a homogeneoaé earth e woill need Zo
calculale 3/‘4\//‘2(5/ on a set of po/nz(é on a circle
eith Che radics of the earth.



Consider Zhe fo// oa)/nﬂ [/ine of code

cC = eXf((O-'/\A*p/*?//( /\/—‘l>>)

What does Hs do?

(notice that I don? need 2%
M 4 72.4 B does not alloew \/ar/aé/ es Chal start «woth

nitmbers so 17 can £ getre Z2his out.



7o See whad it does, plot Che result c.

p/oz((c>

T T -ﬁ@&e—e&e-g@ﬂf T T
o T8,
& B
0.81 ;/(9 \ 1
[/ f} I\
0.6+ »F/ \ ]
§ ]
?) x

0.4 @ X 1

¢ p

6 4

021

O
-0.2+ & b -
X o)
o) rg
-04} ]

s &
@ @
1 1
Py
\\\
1 1




So now coe /7&\/8 Q M 4 ’72.4 B veclor of Comp/ex
né(méehs thal deFfines a circle centered on Zhe
o/‘/g/n .

and

let s call each of ¢he Cx vl pars represesnted Ay
ZA e COMP/ ex nurmber >(+/y Zi Phys 105 vectlor.



yA ‘// wse the Zernr MATLAB vectors ( Ml ricesS >
for collections of Z‘/l/nj\s 1nto
“vectors' ( matrices’) that do rnot represent
Z(/w‘ngé n Che p/7y5 oS bt Ma,ée ZA e organ/zaz‘ Ion
and calculations of the pragrdm eqSrer

and

yA \/ / wse Che derr p/’]}/é/dé veclors For Z‘/’[/‘n35 ¢ hal
/‘epreé ent CoMﬁonenZ‘S of Zhe p/zyS s and
330/)732‘ ry.



A pp/ }/’.’7\9 owr defintions o the resw/?s of Che /ine
of’ code

c = ex KoMK pi# 21 /(N-1);

We 335 a MATLAB vector ¢ that is a collection of
Phyé ical vectors ( the veclors £ron Che origin o
Z‘/?e po/nZ‘S of A c/rc/ e aéan‘ f/}e or{g/n?.



e Ahave o calcwl/ale 3ra\//z‘y ( a P/7y5/c5 veclolr -
Maﬂn/‘fao/e and direction) at each of these po/nZ‘\S .

Yo do e 33’4‘ Zhe direction of 3ra\//z‘y.7

For Zhe homogeneoaé eartAh ) Zhe Force of 5/‘&\//5}/
1S direc?ed l‘da//d/ /A y 1neoard.



We can calculate Che th/ e 0, which is the norma/
Zo the c/‘rc/e, Fronr Zan( y/ >(>.
(%)

1 1 — e ;_..9*1

L ]
- g > PR
o ‘8_‘_.‘ +
Q,Z"" o X 1 y |
08+ 7 %\
7(?/@ "r_,\
'ﬁ?{ A
0.4} 4 % -
@ -'5;:
¢ ) A
0.2f g e S
o i
(i &
-0.2 4 é -
® &
L“:I' ;5
-04+ ] @ -
Y @
-0.6 t\g\ / .
\’3’\.\\ KJ)/
0.8 N &
Sq a2
= . —
'f;_l_‘:}_ l 3 _Cy"r_ﬂ |




But e red//y oant a /p/7y§/c15 vecZor L 9 9 yj at
Zhe pofnz( C X,yj ( anot ~er p/?}/é 1S \/ec’/Z‘or>, not
Z‘/?e dng/ e 0.
Consider Z2he line of code

ve=c./abs(c);

What does 2his do?



The MATLAB vector vo contans the wn
( P/?}/S jcs) vectors (for a vector fron the ohig/n
lo a po/nZ‘ on Che cire/ e> & each of Zhe po/nZ(S
n C.

X +1y —daAl

\/)c2+y2 B

x+iy=\/x2+y2



le?s /0/ ot 17 Up lo See whal we Aave

Use ?a/\/er Zo /9/ ot veclor Field.

Fetver needs Zhe PoS itions Ccohich we have in 2he
vecZor ) of Physics veclors and 2he components
of’ Che p/?}/é /s vectors ( wch we Aave in Che
veclor v of wnt veclors >
oeiver(xy ety

Urfortwuna e/y ?é{/\/er does not woré et A Che

complex number ¢o Cx w1 vector drick, so you
need to pass iZ MHATLAB vectors of x, vy « and v.



lets p/ ot 1t U{p lo See whal we Aave

(don? plot all of Cherr — wSe estep o decimdade,
do veclors twice, once tines -l Co gel both
owteward and 1neoard normd/S?

Yave Co pull out real and Imaq pards for Quiver.

%/fneSpec of " 3835 rid of arroew Aead onr ?L(/\/er 11

?L(/\/er( reaf (i -'eSZ‘e/D ‘end)) ,/‘Mag( (i -'eSZ‘ep ‘end)) ,/‘ea/( ve(l -'eSZ‘e/D ‘end)) ,/‘Mdﬁ( ve( -'eSZ‘ep ‘end)) ,I./‘ p)

axis egua/

hold

?a/\/er( reall c(iestep ‘end)) ,/Mag( c(liestep ‘end)),~realveliest ep ‘end)) ,—-/‘Mczg( ve(liestep ‘end)),' ")
p/ o >

/9/02‘( O—H*O,’—f‘r')

3/‘/0/



Ths 3/\/36 ws the £o//. owz‘ng /9/ ot

X 10e
T T T T U I T I | T T T T T
Il A1/ ’
. f /
\ f
| |
6 \ l|| l I |'l / )
\\ ||' | I lI /
\ \ L /
4t ' 4 -
~ 7
2 BraanSddy ‘-_\\ - —" i
oF - + .
.2 - i = /-F/ = N -
Eod ) [ ] HER I
"‘{ |, | \
f | \
) \
-6 | | .
1
|
f[i] )
/" | I \
.8 1’ | | l| l\ 1
1 1 1 ! 1 l ' 1 1 1 1
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 04 0.6 08 1




That was amazingly easy .
The calcuwlations ook all of 2 lines of code!

There was ruch rore code Zo p/ ot 17 Chan
Cd/Cd/dfe e 11



So we have basical /y p/ olled g on the swurface of
f/?e eaI‘Z‘/7 .

ancg g 1S /‘do//‘d/ ard /7@5 L or”,1 Mdﬁn/faa/e oNn Z‘/’Ie
surface of a homogeneo&(é 5/9/7@/‘8 — all we Aave Zo
do /s stale the scale and e are donre

C/iE woe dreco on/ % Zhe incoard po/nffnﬁ veclors arnd
/efl the arrow Aead on Zherr].



LAl aboud For the anoral }/-7

ﬂ)e noewo need p/}yé 1S veclors Al 30 £ronr the
cenler of the dnoma/ }/ lo the surface of Zhe
ed/‘Z(/l .

e have a M 4 '72.4 B veclor with A e p/’lyS/CS
veclors £ronr the cenler of the earlh o each
po/nf on Che swurface.



WAt abowtd for the anonial (Vi 7

The center of the anoral v s a Coxcal or i*ca so
we can make a neco MATLIAB vector of the

/p/7y5 1S Veclors fronr Che center of Zhe dnomd/y
lo the s wrfoce of Che earth

ac=c.—-1*ca

L(S/.nﬁ veclor addition (AOZ‘/Z M 4 TZ.4 B and /p/’}yS/.CS
Sz‘ma/z‘aneoaé/y>



What abowt for the anonial y.7

And e Find 2he wun't vectors on the circles
/‘ep/‘eé enZ‘/ng 505/7 Z‘/?e, anomd/ y and Z‘/?e, S arf acC e of
the earth Fronr

vea=ac ./ absac)

US /‘/73 veclor additiorn and /)7&(/ f/p/ iCalion (AOZ‘/?
MATLAB and Physics simultanecowushy)



So, 1n ancther 2 lines of code we Aave Che
p/’}yS/‘CS Veclors on Che Swurface of Che earth Chal
are Che radials of the aroral (V4

x ‘OP
T
8-
6 N L
\7 < ,
y 2
4 “ ™ \ TR
e j}\l '_ 5
{ b ™
¥ \ 'I?v
\ \'\ :
0 - \ {"‘._u
1 ‘ A B 1
_2 - / | .‘." )
_4 (= \.\
\,\ /
_6 - ! [orely
_8 o
| | | | | Lodod | | | | |
-1 -0.8 -0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1

x107



7o Mczée /s p/ ot I Z‘oolé <4 circl. e, C, of wnt
radics and meldiplied/scaled it éy Che radicts of
ZA e edﬁZ‘/} (o rmake Z‘/}e 5/ C/l‘C/e ( one /ine a code —
a Ma/z‘/ p/y> |

6 X o '
J '
— S—

e

Z Zhen Z‘ooé 1] L(n/f circle, c, aga/n and >ca/ea/ i
Ay ZAe r&za///,(S # /e anomaly ( ore! line of code , Q
priltiphy) and then of Fset it to the position of the
zﬁnoma/y ( She line of COa/e y an add).

xlO"



8.-

I next ¢
cenler of
( Z‘a)/Ce

I Zhen p/ otted both circles.

x 10r
I

ronr Zhe

Z(/ze edrf/7

Sed ?a/\/er fo* af/‘da.) fhe veclors #)
¢ e anoma/y Z‘o Z, /7@ sarf ace of

o 3ef the owlioard in /nwdra/ vec Zors)
7 N
S T T TV R Y R T T T 1

x107



Yoa Can easS! /y See ¢ /mz‘ Z‘/?e veclors are no/‘/y/a/ o

Zhe @%Wﬁwmﬁm%e&

B

So r”ar e Aave no'c‘ C&Z/C,L(/afeo’ ZAe Mdﬂmz“aa/e )
which th this ca\ﬁe, asS opposS ea/ Z‘o Zhe /'re\//‘oaé

case forithe ed/‘Z‘/} y vary 4s a £ é(nCZ‘/ on of PoS 1Zion

ok on Z‘/?g surface of” Zh;gwfh.

-2t

-4}




So Ao do we calcul/ate he Magn/‘Z‘aa/e of Che
9/-a\/fz‘y dvte 2o Lhe anoria/ Y on the surface of Zhe
earlA.

A)e Aave a M 4 TZJ4 B veclor with e p/?}/é 1S
veclors fronr the center of Zhe anorall Y/ o Zhe
surface of Che earth ( vecZor dc’) .



’S 3="6Ma //‘2

So ZAhe Maﬁn/'z‘ wde of 9 IS
gsea=-G* ma./abs(ac) Nz2;
(roe cowld have also done acXac in Lhe denorr.)

there e are ajz’ng MATLAB and phyS/‘CS veclors
5/“ma/z‘aneoa5/y.



7o 3@5 Zhe Phys:‘ca/ vecZor g we JLASZ‘ 2% Z‘/p/ % ZAe
Mf4 72.4 B vectlor of Mdﬁnffaa/eé Ay ZA e /V/4 77.4 A
vector of ( P/zyS/CS ) et vectors elesent Ay
elerent.

gsear=gseaRvca;

So 35&&\/ /s a MATLAB vector ) where each elerent
s a PAysics vector.



7/ oz‘iinﬁ CAS wp e 3&5 g on the swurface of Cthe
earZ‘/’l £ o Z‘/7e, anon/ y

x 10°
|




Us /'/73 SupelposS 1Cion, Zo 381‘ Che Cota) Force of
3ra\//‘iy on Che swurface of the earth (£ ror Che
earth and Che anorial }/> one adds Zhe p/?}/é 1S
vectors Cand you do Chis for the whole set oFf
po/nZ‘S on the swurface of the earth at once Ay
da/a//ng the teo MATLAB vectors)

x 10" total gravity surface of earth

4

Note ¢
Vi

0

—~N vf'v
4 VY
A

\(‘4}1,'

A
KV Vo

Aal 12‘15 Very important ¢ oaa/a/ Z/
cClOFS — not just the magridiide

her as
S




/\/ otiCe ZV?CZZ(
e never Had

o «Se a /oop./



By repres enf/nﬁ ZA e p/7y§ ical vectors ( Zhe ones
front Che centers of Che earth and arnoral/ v Zo T he
swurface » 9 etc > aS COMP/ ex na/yzéers we were aé/ e

Yo wse MATLIAB vectors to Aold ocwr sets of

ﬁ/lyé ical veclors

(x ,y>=x+/y, maﬁn/z‘aa/eé y and wunt vectors.

We wSed Sl‘mp/ e scal /‘nﬁ and SHhife Z‘/ng Zo Ma,ée Zhe
earth and anomaly From a single wmt circle.

e wSed rega/ ar vector arithmetic (combined wse
oFX M 4 TZ.4 B and P/?}/S/CS veclors into one SZ‘ep> o
do ZA/s.



By repres enZ‘/ng Zhe /0/7}/5 ical veclors ( Zhe ones
frorn the cenlers of Che eardh and arnoral v Zo ZAe
surface )y 9 etc ) asS COM/?/eX nimbers e cwere able

Yo wse MATLAB vectors o Aold ocwr sets of

P/Iyé ical veclors

A)e e e dé/ e Co ofﬁdn/Ze ouUr Code 5&530/ oNn f/)e
p/?}/\fl‘cxf ( oo 5/‘/)7?/ e 3/‘62\//‘Z‘y £ields and add ZAherns
50385/7€r> , rac her Chan Che detal/s of index

Aoo,éeep/ng ( as wout/d Ae nelCess ary in #e o/‘Z‘/‘dn> .

T}le code /s easrer o wnderstand and Folloeo
( eS pedfd/ A y 1~ yod need o mantan /Z‘/ /. oolé al 1T ihn
b rront LS > .



Noeww e are /‘eaa/y Zo az‘z‘acé Zhe proé/em of”
calcul/ad /ng 9 eVerya)/?ere n Q p/ ane Chad goes
Z/?foag/v Che Symmelry axis.



Firs? we Aave Zo Ma(e our S d/y/p/ /‘ng 3/‘/0/ .
Use the MATLAB rowdine MeS/?\gr/a/
C xeqy/eq l=mes /73r/a/( C—rmaxpistep:maxp :D)‘

LWhich proa/acgé Zeoo MATIAB ricdricies — one
eorlh Che x values and one coith Zhe v values For
ouU)r 3/‘/‘0/ .

SO dh}/ /O/‘hf on Z‘/’Ie 3/‘/'0/ /‘5 X( i ,/?> ) y( ~”~ ,/?>-



%/oa) are we \90/‘/73 Zo i £Ix ) /s o 3@5 ouU P/?%S/CS
veclors o each /Oo/nf 4



Yo aboed

Xyeﬁra/ =xeq +/ *ye g

7o Mdlée a M A71AB il rix of P/7y5/‘c5 veclors Zo
eac pofnZ‘ .



And ¢hen
dee=abs( Xyegra/ >)'

7o 3@2‘ the distance Frorr Zhe oﬁ{g/n (center of
earf/» o edd/} po/nZ‘.

and
vxyegrd=xyeqrd./dce;

7o 332‘ Che wunmt veclor direction a each po/nZ‘ .



Noew e J&(\SZ repeaf LA coe did before.

tith one difference.

We rnoeo have Zo Z(d,ée into account whether or not
we are inside or outside the earth or anomaly.



WAt do e coant o do?

We have a malrix Chal Has Che po\S/Z‘ ron of each
point where e would life Yo calculate 3raw‘z‘y.

We have a malrix tAal has Che distance Frorr Che
centler of Z(/ze ede‘/? o eQC/? /90//72‘ .

Each (p,?> e/emenf of FIrST malrix 1S pa/l‘ea/ Zo f/?e
( /9,?> element of the second Mafrzx, f/?ey 9o
Zoget Aer.

We coout/d //,ée Zo credle 2 new malrices CAhal Aave
l> Zhe /)7623/7/2‘ wUde and 2> Zhe direction of 3/‘62\//2‘5/ at
eachH po/nZ‘ y eorth Che same pa/‘r/nﬁ of” elerents.



/\///4 77.4 B aﬂa/‘n cComes o the rescue.

Consider ¢he /ihes of code

ﬁe-:a/cg)‘
ge(a/c(s Dre)=—G¥ pe Jdce(dce Dre) A2

;J/mz‘ does Z‘/?/‘S do?



e=a/63)‘
3@(0/63 Dre)=—(G¥ pe Jdce(dce Dre) AN2;

%/oz,u i wor,éé 1S not intwtivel % oNIowUs.



>> a=ma3/c( 3)
a —1

4 9
27 a’=4
ans =
| o) [
O [ [
| [ O
27 whos
Nare Size
Class 4 Cribetes
a 3Xx3
ansS 3X3

Byf s

+2 dowtble
9 /. Oﬁ/hca/

Start ewwth s»ral/
examp/ e

777@ line " Cest 62>=4 )
reterns a / ogz'ca/
Ml rix whoSe

elerents are / ogfca/ S

A conlarn Che
results of the Zest
on each element of

Zhe madrix

(1 £For f/‘ae, 0, For
fd/53>.



>> a=ma3/‘c( 3)
a P—1

Yo can e wuSe 2HS?

oo MATIAB has a Fedlure called
ans = ‘ / Oﬂl.C’/d/ /'na/exfhﬁ " /‘h a)/’]/d/’] /‘f USeS
'0 Ol : / ogfca/ array for the rmalrirx
s d'( >' > o SL(ASCHPZ and returns the elesrents
o Ffor which the logcal array value is
g Crete.
4
s
Z T retwrns these elerients in a
7 column vector (=D, linear index).



> a

a:

>> finda>q)

1
3

4

ans =

>> &)

0 41 & 0

S
a

A\
A%

NS D T w o

[
s
7

6

7
2

IF %=t eoant o eXp//C/Z‘/y
/a/enZ‘//;/ Che elerments in a
thald r»eet Che ZeSi wse the

MATLAB Find corrand.

Nole Chat 17 redwurns a veclor
a)/Z(/l A / /ned)‘ /‘na/ex /‘nZ‘o Z /le
PIL 1 X ( Zhe line d( > Shoews
Ao Che elerents of a are
Stored in mMemory as a |—d

\/eCZ‘or> .




>> a=ma3/c( 3)
a P—1

Note thal the / ogfca/ array/ has o
be Che same Size or Srialler Char
Zhe array Ae/‘ng Zested (i 30&6
Z‘/?ﬁoag/} both wus /ng /rnear /na/exfnﬁ
i/l the /. ogica/ array rens owld of
elerents > .

( 777/5 1S Crete in THs case Since Che
Same mMalrix y &y 1S Ae/ng Zested and
was wUsSed Zo 33/73/‘&2‘ e the / ogfca/

dl‘l‘dy .

In our gravity example, however, coe
are //(5//73 oo different arrays on

Zhe LS.



>> a=ma3/c( 3)
a P—1

This /s not f&(/Z‘e tOATT e reed,
Since the result i1s a colurn
vector and we don? bnoeo where
CheSe elerments came Fronr in Che
olvgl‘nd/ array .

K emember that Che elerent
posS ition (m ,n> 1n Che o/‘/g/na/ arra/s
4 into Che 3eomez‘ 2% and p/’lyS 1S

of ¢he proé/e/y/ (Zhe position and
valtte of Zhe \/czr/aé/ e> .

So we rneed a eoay Zo manlan Zhe
O/‘/S/‘hd/ /‘/?o/eX/‘ng /‘/7 A.



>> a=ma3/c( 3)
a P—1

| [ 1o,
> é=Ze/‘o§(3>)'
>> Ka>=q)=l a>=4)
b=
s o
o 5
4 9
>

1)
7
o

USe Che Same Schere on Che
L%S . Put Lhe elenents
Selected on Ae ( %/S inlo the

elerients Selected on A e
LS.



77 et Note that " 8" has 2o be big

3 .5 (; eno&(g/? Zo /70/0/ a// Zhe elerents
>> 2=Zerjs(3> ;2 thal core Fronr Zhe ( ‘//5
§7 Lo Ceohich 1s not Lhe nurber of
Z i i elerient?s in ’ d“ on Che (%5 E?j
5> 5> bzerod( D ; bt the number needed Zo go

> > Kind)=alind)

227 In an assignment AD = B, a matrix A cannct be resized.
>> b=zeros(i,$);

> > Kind)=clind)

S =

& o o o s 9 1) Ea
>> B=zeros(sp;

> > Kind)=clind)

4- From the start of " a Zo the
/ast value Chat meels Zhe
condition CLs1. (I e wsed a< 4
1l would have pai ouwt q
elerents Since the /ast elerent
in"a meets the condition).

40V QQQ ™

>



>> a=ma3/c( 3)
a —1

s 1 ¢
3 5 7
4 9 2

> A=Ze/‘o\5(3>)‘
> > ind=finda> )
/Ar)a/ =

5
b
Z
S
> > Kindd=lind)
S =
S o G
o 5 Ea
0, 4 o

> c( ind >=a( /‘na/>
c o=

& 3 o
>

ZF youl have the /15t of indices )
V=21 can wuse thal Zo £/l Zhe
elerents on Zhe Z.%S .

43&1'/7 y You have o be careful! hat
Che LS has the dinrensions V=22
oAt .

s yoa a/ynam/ca/ /A y creale Che L%S
1l eor!ll onl v/ have S elerents in thS
case and it 15 a linear \—d madrix )
hile e need a 2-d matrix.

5 9 1) Ea 2



> a-‘-magz‘c( 3)

a =

1 I 17

3 5 7
4 9 2
b=zeros(3);
Ka>pP=la>y)

n v v

7
7
4
s 0
o s

G
7
o 9 o

ﬁna//y, Zhe rost COMPCZCZ ey
Zo do /7.

USes /. ogfca/ /na/exfng on both
Sides o malch wup elerents on
LS woth appropriale ones ohn

KHS.



Places to look For more information on /na’exing

hlep ) woeoeo Ml heoorks conr/ company/ newsletters/ a//;cjieéf/ Sep? 0/ madrix filrr/

htep:/ [ coroeo mat Jeoorks .com/ help/tec hdoc/ malh/Fi=S 5462 /it r1/




==K pe./deeldce re) AN2;5

The rest of the sttt (in red) on the < Sy J&(SZ(
calculales ZAre valute of 3/‘&\/1‘2‘ y d each of those M
po/nZ(S .



=—G¥ pre /doeldce Dre) AN2;

So noww we have M ( poéél‘é/y /ess than Lhe Size of
O/C8> valites Chal have Zo Ae Slored Sorecofriere.

Yoo THS SZ‘ordge 3@1‘5 done 15 defined on the LS.



ﬁna//y

5e=dCie)
3e(a/cg Dre)=—G¥ pe Jdce(dce Dre) AN2;

The deere on the LHS pz‘cléé Che sare M
elements Frorr Che madrix ge (i wuses Zhe sSame
test on matrx doe 2o select elemerts) and Zhe M
elements From the calculalion on the RS are
placed in the same locations (p ,?> in Che malrix ge

on Che LS.

7%/‘5 /S eXQCZ‘/ y a.)/?dzl roe ot



po/?/,(/ at /ng Zhe LS
One cou/d Just as easily have intialized ge as

38"28/‘05( N, ,/\/> )
where N /s Che size of dce.
IZ¢ /s a/so safer o do it ¢hs LAy Since none of

Che elerments of ge could have ” 3&)‘5&3@ " Zhe
distances, in 2hHer.



So noww we Aave a »malrix )y 9e) eoith M elemrents
Confa/n/nﬁ ZA e Maﬁn/Z‘ wde of 3/‘&\/1‘@/ for Che pornts
at ( ) ,?> AL are owlside the earth.

—7}1@ ol er NN =M po/nZ(S S/ Aave Zhe distance in
Zherr. (2 /7ey Loere not modified)



S/‘M/‘/ d}‘/ y
38( dcoe< =/‘e>=-—~4/ 3*;/7* deeldoe< =/‘e>7’(‘6*r/70e)‘

Doeé the sanre 2(/7//73 £or po/nZ‘S insSide Che earth.

Since e\/ery po/nZ‘ eorl/ paé S one of Che Cests
(deedre or doel=re) all elesrents in ge coil! be
pro/aer/y £//ed ( e. Z‘/?ey oil! not be lef? with 2he

distance i» Z‘/78M> .



So noww oe have a malrix whoSe elerments are
/90/9/,(/ aled tith the Mdgnfz‘//(a/e of’ 3/‘&\/1‘5 v al Che
location associated cwith Zhe ( y 2 ,?> elerent.
WAl aboed the g veclor?

Ma/iip/y Zhe magn/‘z‘aa/es Ay the wunt veclors at
eaC/’l po/nZ‘ .

gev=ge. ’*\/X}/eﬂra/ 5
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Noeo e do Phe Sare For the anoma/y.

e have Yo wse the madrices For Zhe anoma/y ot A
the sHifled o/‘/:g/‘n - 5&(% a// Zhe \SZ‘ePS ( a/l 2 of
c10° Z‘/?gm./> arexf/lel\SQ/)?e.

e 3@1‘. ‘
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X 10’j



Now e do the veclor Swunr Zo £ind the Zota/
3ra\//z‘y field Fror 502‘/7 Che earth and the anoral }/
{/'//(55 add Che woo rmalrices — one For Che earth
and the other for Che anoral }/> :
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One can a/So p/ ol ZAhe Magn/f wde of Zhe 3rd\//2‘y
Fle/d eoith a surface /p/of.

y abs val gravity of earth and anomaly from del (uesua
x10 VELIATRY Y (uesua) abs val gravity of earth and anomaly from del (ue+ua)

Yoa cowld a/so wse ?a/\/e/% Zo p/ ol Che ?a/\/e/‘
arrows on 1Z.



Or pull out 3( ) a/onj Zhe 2z axis (Phe axis of
S y/y/meZ‘/}» ( ZAhe COMAO 1S done ewith he veclor
valutes > .

g as function radius - anomaly (red), earth (blue), total (green)
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Plots of Potendial.
( Zero ref a 1rfi n/‘iy>
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potential of anomaly

Plots of Potentdial.
(zero ref ad inFl n/Z‘y>

potential of anomaly
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Plots of Potentdial.
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potential of earth and anomaly
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Plots of Polerntdial.
(zero ref ad infint y>

potential on surface — anomaly (red), earth (blue), total (green)
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/pOZ‘enf/‘d/
Keview the defintion of polential, U (x), Zhe
neﬁaz‘/\/e of the work done o 391 Zo that point.

U(x) = - [ g(x)dx + U(x,)

U(x zRe) = —GTM+U(xO)

U(x < Re) =—1GM(r)r* +U(x,)

U, r2R =0 iF define LLP)=0.
U0, rH<R)=UK, r2K) lo malch up & K,.

(note the factor of / for r<ﬁ. 77 does not
change Che functional Forr whch 30&5 as r?, beet
Cornes owl of the evalualion of Che integral and
rmakes 5-:-5/‘&0/( 7% coork COrrecf/y ?



Compare calculation g Fronr —aM/r? (lef?) and
3/‘&0//&/72‘ of’ pofenf/a/ ( /‘/:9/75> .

Can 2 Zel! difference.

OT abs val gravity of earth and anomaly x 10'- abs val gravity of earth and anomaly from del (ue+ua)




