Matlab

Newton’s Method




Newton’s method is a numerical technique for
ﬁncling the (aPProximate> root(s) of the equa’cion

J(x)=0

Below we see a gral:)h of the ec]uation
f(x)=x"-1=0

which has a real root at x =1
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The idea of Newton’s method is to guess the root
and then "iterate" — generating new

ap roximations to the root Yy usingt e intercept

of the tangent line at the current aPProximation.




This process IS rePeatecl until an accel:)table
aPProximation to the root is obtained (or not).




I+ we know the anal?tic form of the function we
can use that to calculate the derivative (tangent).

I we do not know the analﬂtic form of the
Function, we can calculate the derivative (tangent)

from the data (Ay/Ax).



For the next aPProximation, we have

y=mx+b
the equation for a line and
m = df(x) - 3x2
dx

the analgtic ec]uation for the derivative




f(xg)=x,—1=y, =mx,

fx)=x =1=y =mx,

=xn—

Using this, for
X, =2, x, =125




X, aPProaclﬁes the root x=0 for the first few
iterations, then cliverges sliglﬁtlg. This is due to
the small value of the slope at x;.

(and this shows the Problem when =0, the new ap roximation shoots off to imcinitg.
More on this laterf




The 5th iteration, however, starts another
converging sequence tlﬁat visua”g converges aFter
a total of onlg 8 iterations.

A R D I I L R R R R R




Wlﬁat ha pens hC l chose anotlﬁer starting Value?
The Plot elow shows the number of iterations to

/

arrive at the solution 1Cor "a”" starting valuc—:s
between -2 and 2.

numker iterations to conwvergence
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Notice there are several starting values for which
convergence is not reached: the red circle at x=0

indicates t
to the 5lo

he method fails there immediatelg due

De being zero, while the red “+” SIgNs

indicate convergence has not been reached after

30 iterations.




In generalJ for most starting values there is no
simple way to Preclict the rate (or success) of
convergence from the starting value.
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We can easily tind the first non-zero starting value
that cliverges _ itis the one that Procluces x=0 at
the next guess.

x, =4-0.5=-0.7937...
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We can continue calculating the “next” bad
starting value.



As long as there are no Elaces where the
derivative is zero between where you are and the
SOIUtiOﬂ) 9OU arc OK (9ou will converge).

hC tl’)éf’é 1S 3 Place With Zero slol:)e between you
and the solution, you will have Problems hcyou get
near that sPot.
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In this case, where we know the function and
derivative, you can find the starting values that

will have Problems bg working backwards.

hcgou dor’t lﬁavef(x) analgtica”g, it is harder to
iclenthcg the bad starting values.
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This is not the full solution however.

So far we have only considered the real Part of
the Problem.

We know that x’-1=0 has % solutions.
(magnitucle =1, at 120" around the origin.)




So now let’s try Newton’s method again, but now
letting x be comPlex (and ca”ing it z), and taking
starting Points in the 4x4 box around the orign
as starting points.

(mang Presentations of Newton’s method say f has to be a real valued Function, but this
restriction is not needed. Just use the complex derivative, which is like the graclient — it
will also have a direction.)

We will count how many iterations to convergence
Plus keel:) track of which root Newton’s meﬁwod
converges to. We will indicate the root bg color
(sowe will have b, colors) , and use brightness to

indicate the speed of convergence ( righter IS
faster).



Here are some Plots of the absolute value oFf(z)

(flz) 1s a comPlex number so we can’t Plot it directlg) .

We are aiming for the % low spots.




Plot |og to see better.




Here is what we get when we apply Newton’s
methocl ancl keep trac|< cnc to Where (color) ancl
hOW ‘FBSt (brightness/ intensitg) we COﬂVCI‘gG..
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Notice that for most startinﬁ values the
convergence is well behaved.

(the roots are arrangecl ever%jle") convergence Is relati\/elg rapicl ,and the regions
converging to each root are pie like sectors of 120" “width”.)
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But thc—:re are some Problematic Places.
Remember wWe hacl some Problems along the
negative real axis For tlﬂe real CAaSE (where f-=0).
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The starting values along the lines Pointing
towards the roots from the “other half Plaﬂe”
all have similar Problems.
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Thcy are Part ot a structure of Places with
FODIEMS (same problem, they iterate to, or close to, z=0, where the slope is
P bl P Y P

zero).
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In addition, the division between regions of two
ditferent colors contains a regjon of the third

COlO I (excePt the Points of no or slow convergence) .
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It one watched the Patlf] from these starting
Points, tlﬂeg would get near the Problem Points
on the b, lines dividing the b, regions.
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This color Pattem behavior continues on all
(¢ »
boundaries” between colors, even as one
zooms in on the boundaries.
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In most geol:)hgsical inversions we do not look
Carcncung at the convergence Prol:)erties o? the
sgstem.




Make Figure w/ Matlab etc.

(To make this {:igure | used “grab” on the MacOS to grab a selected area (tlﬁe Par’c
below), coPiecl it to the clinoarcl in grab) and then Pastecl it clirectlg into PowerPoint)
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Store lcigure N al, ps or eps formats.

(getting this Figure into PowerPoint was a bit more complicateci — since | wanted to get the
falog on. | used Grab again, but had to use the “self timer” mode. It grabs the whole
screen after 10 seconds. So | started the timer, then selcted SaveAs from the file menu
and waited till it “took the picture”. I then used the MacOS GraphicConverter program to
crop it to the part | wanteci copied that to the clipboard and Pastecl it into PowerFPoint.)

18.0.0 Save As |
] X
MATLAB? Watch this Video, se Save As:  untitled.fig E
orizE_grighics uaa"
plot he = v €
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File Format: | MATLAB Figure (*.fig) 3
MATLAB Figure (*.fig)
A 1] file (*.ai 4 !
New Folder dobe lllustrator file (*.ai) )
PEG image (*.jpg) m (X

Paintbrush 24-bit file (*.pcx)
Portable Bitmap file (*.pbm)

Portable Document Format (*.pdf) a
Portable Graymap file (*.pgm)




Here is the Postscril:)t version of the Figure
displagecl with MacGhostView.
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Read ai, ps or eps format file into lllustrator.
"Select all" and "ungroup".

Get rid of bouncling boxes, etc., use the ‘open
arrow’ (’tl’wc solicl arrow usua”g selcc’ts too muclﬁ).

Use "oPen arrow" to select what you want to

remove, use “select same fill and stroke” under
the "select menu” to get all the stuft like it (be
careful for stutf with same format you DONT

want to remove)



To moclhcg Figure — genera” have to use the
"oPen arrow" to select somet ing, then use the
"select same stro|<e", "select same color", "select
same fill and stroke", etc. to select ever thing like
it (careful that you don’t get stutt you gon’t want

to edit).

Then click the solid arrow to “group” the stuff
you have selec‘cecl.



Now you can move the selected items, change the
Proloerties (|ine rol:)erties (color, Aashes,
thickness, etc.) fil Properties (be careful with
Fi”ing ines — draws a new line from the be Inning
to the end and fills between it and the [%16) ,
rescale them (as a group or indiviclua”g) , rotate
them (as a group or individua”g} , change their
vertical Position with respect to other items
(things on “’toP”, overdraw things “Underneath”).



Pt bg pt multiplg to applg window to a vector,
W.*V=wVv




Sometimes it does not work — Problem between
Microsoft and rest of world. MWF format messes
up. Canr’t edit it further in llustrator.




Usiné “Save for Microsoft Office gets uglg white
bac ground (in box). PNG (another Microsoft)
format. Canr’t edit further with lllustrator-.

Same with Dg, tif
J




af, Ps and eps (encapsulatecl Pos’c script) worksj
can imPort to PowerPoint. Can edit in llustrator.

0 0 O >

If we Put the window values on the cliagonal of a
matrix, we see that we get the same windowed

vector when we multi PI“J W*V=wWV.




I have a number of traces to window, make matrix
with new traces in new columns.




Use the sparse matrix function to save space and
time with such matrices.




Edit map from gmt.

) Transfer file to PC or Mac that has lllustrator
2) Drag and droP the ps or eps file or open it with
llﬁistrator.
3) Select all with solid arrow and ungroup.
4) Select things you want to change (usua”g with
open arrow,) select “same fill and stroke” to
get all such objects and can then modhcg
arameters for the o]ﬂ'ec’ts

(Mustrator works with “objects”, as oppose

o Pixels).

(eg. Make WBZ lines and great circle Path lines
thicker)



A little trick keeping data sets (two or more sets
of contour f‘ijncs) 56:Parate — use 5|ig]1t|9 ditterent
colors when you make the gmt Figure (eg. [255 O
O] and [25511] for red — you can’t see the
ditference, but theg are different to the

comPuter.)

Make altogether ditferent color and dash it, etc.



589 l wantccl to remove ’t]nc ?ocal mechanism
Iabels.
Theg do not have angthing unique about them for

SCICCting tl"lem (I could have written them in a different color, but Forgot) .
So 'm stuck removi ng them "bﬂ hand".

I can’t get all of ‘em (they are under the FM
balloons ér ex.) you can se?ec’c the “same fill and
stroke” to get all the text, paste it into a new
|ager, edit it there, and then past it back into the
original |ag<—:r or leave it in the new Iager. You also
have to erase the original text in the first |ager.



You can turn on/cnqC the Visibilitg of Iayers.
You can lock |agers SO tlﬁeg will not be edited.

To change the station labels, lock layer1 (and
turn it o%c). Then use the select too (solic:l or
open arrow) to select the station labels bg
clrawing a box around them.

Then moclhcg the Properties.



lmProve the c:lispla of the focal mechanism
balloons bﬂ makingt e lines thicker (have to do
the red and blue ones sel:)aratelg, the white
circles are all done togetlﬁer).

Same For station sgmbols ancl gray earthquake
circles.

Notice that you have control of both fill and
bounclarg Prol:)erties.



Scaliﬂg

Scale whole selection— select 5omething, use

» o«

“object”, “transform , scale” droP down menus.

Scale individual items — select them, use “object”,

“trans?orm”, “transform each” clrol:) down menus.

Changes size of item onlg, does not more around
]:)3 scaling relative Positions/ whole ?igurc—:.



Transl:)arencg — select items, use “transparencg”
In Formatting Palet’ce.

ToPo IS bitmal:), can’t change single color, range
of colors, etc.

Can move tol:)o up and down in clisplay order
(bring to front, send to back, etc.) and make
transparent.

Can also move |ay<—:rs up and down (b%dragging

to where you want them N lager OX.



Before




Can share multiple gi:gures in one file using lz?:%ers
(share common sturt in some |ag<:rs, Put stuft for

individual display in others).
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