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Introduction

Three-phase rotating magnetic fields form the basic principle behind
the operation of two major categories of electric machines: synchronous
generators/motors and asynchronous or induction motors. The alternator
is the synchronous machine generally used in power plants; the
asynchronous motor is universally used in industrial applications and
railway traction; the synchronous motor has gained considerable
importance, especially in its permanent-magnet version, for personal
electric mobility systems (automotive).

Understanding the nature and characteristics of rotating magnetic
fields is essential for those involved in the design and maintenance of
these systems, but there is an interest that goes beyond technological
applications and concerns the physical-mathematical description of the
phenomenon, which we address in the second and third parts of this
work.

It should be made clear that this is not a treatise on electrical
machines, which would be needed to acquire the technical details at a
professional level, but rather an introduction to complex concepts,
presented as far as possible through visualization and interaction with
the reader.

This E-book and the
Interactive Cards

The text is accompanied by a series of interactive cards that let you
explore the concepts directly: change a frequency, reverse a phase, add
a harmonic, and watch the physics respond.

In e-readers that support interactive content, the cards run inside
the book, in place of the figures. They have been tested, among others,
on Thorium Reader (desktop) and Kotobee Reader (desktop and Android),
which currently give the best results, and on Adobe Digital Editions.
Readers that do not support interactivity, such as Kindle devices and
apps and e-ink readers, show the figure as a picture; tap it, or the
link in the caption, to open the card on the web. Some apps do not open
the link: to use the cards, read the book in Thorium Reader or Kotobee
Reader.

This is a study text, best read on a desktop computer or a tablet,
where the cards have room to work. On smartphones, too, the card is
shown as a picture: tap it to open the card full screen, where you can
pinch to zoom.

Where necessary, the text includes suggestions for effective
instructional use.

Prerequisites (Things You
Should Know)


To get the most out of reading this book, you should be familiar with
some fundamental concepts related to an introductory physics course on
electromagnetism.



	
The concept of magnetic field and its expression for
a solenoid (a single-layer coil of length
𝓁
with N turns):






B=μNI𝓁=μH


Note: The symbol
μ
represents the magnetic permeability. In vacuum or air, it equals:


μ0=4π10−7henry/meter


The magnetic field
B
is measured in tesla (T), while the field H is measured in amperes per
meter (A/m).



	
Ampère’s circuital law:






∮lHdl≈∑iHi⋅Δli=NI


Note: The symbol on the left denotes the process of calculating the
line integral, that is, the sum of an infinite number of infinitesimal
products
Hdl
calculated at various points along a closed path (a closed line
indicated by the circle on the integral sign). As a first approximation,
as shown on the right side of the equation, this is a simple sum of
products:
∑iHi⋅Δli.
N is the number of currents I flowing through the area bounded by the
closed line, if the currents all flow in the same direction; otherwise,
we have an algebraic sum of the currents.



	
Faraday’s law of electromagnetic induction:






e =−ΔΦΔt


Note:
e
is the induced electromotive force (EMF);
Φ
is the magnetic flux (the product of the field intensity
B
and the area S through which it passes); t is time,
and ∆ denotes a change in the quantity following the symbol; therefore,
ΔΦΔt
means “change in flux over the time interval
Δt”.
The minus sign relates to Lenz’s law: “phenomena of electromagnetic
induction always occur in opposition to the cause that generates them”
(an alternative way of expressing the principle of conservation of
energy as applied to such phenomena).



	
The Lorentz force:





𝐅=q(𝐯×𝐁)


It is the force generated when an electric charge q moves at a
velocity v within a magnetic field
𝐁.
Mathematically, it is expressed by the so-called cross product, which
yields a vector
𝐅
perpendicular to the plane defined by the two vectors
𝐯
and
𝐁.



	
Elements of trigonometry, in particular definitions
and properties of functions:





sin(x)cos(x)


These are essential for dealing with the second and third parts of
the text, namely the mathematics of rotating fields.


It would also be helpful to take a look at Werner’s formulas (used in
Chapter 7).


sin(α)cos(β)=12[sin(α+β)+sin(α−β)]


	
Fundamentals of Alternating Current and Three-Phase
Systems






If you’re starting from scratch in these fields and would like to
learn more, you can, for example, study the following books: Sandro
Ronca, From Alternating Current to the
Fourier Transform, 2024 (reflowable edition, 2026),
and Sandro Ronca, Three-Phase
Systems, 2023, or consult other online
resources.




Part One



1The Discovery of the Rotating Magnetic Field

[image: Galileo Ferraris’s rotating-field experiment]Figure 1.1 – Galileo Ferraris’s experiment to verify the existence of
a rotating magnetic field between two perpendicular coils. Schematic
published in “Il Nuovo Cimento,” Pisa, 1888.In the autumn of 1885, Galileo Ferraris, a physicist and engineer
from Piedmont (1847–1897), one of the founders and first president of
the Italian Electrotechnical Association, publicly demonstrated that by
placing two coils perpendicular to each other and making two strongly
phase-shifted currents (almost in quadrature) flow through them, a
rotating magnetic field was generated in the space between them, which
could be detected, for example, with the device in Figure 1.1.

When currents phase-shifted by a quarter of a period (90°)
flow through the coils, the copper cylinder suspended between O and O’
tends to rotate by twisting the suspension wire. If the suspension
system consists of pins and bearings, the cylinder will rotate
continuously.

Ferraris experimented with alternating currents at
approximately 40 Hz (“The current reversals were about 80 per second”),
which would correspond to a theoretical field velocity of 2,400 rpm. In
his experiments, the scientist achieved speeds of up to about 900
revolutions per minute. Due to the primitive nature of the experimental
setup, it was not possible to obtain higher speeds. The phase shift of
the currents was achieved by inserting a 15- to 18-Ω resistor into coil
2BBB2’ (Figure 1.1), compensating for the reduction in current with a
greater number of turns.
 During the same period, Nikola Tesla (1856–1943), a
Serbian-American physicist and engineer, achieved similar results.
Galileo Ferraris’s studies, which also included a description of a small
asynchronous motor, were published in April 1888 in the journal Il
Nuovo Cimento.

On May 1 of that same year, Tesla was granted the patent for
the asynchronous motor (more on this later). Following the introduction
of the three-phase electrical power distribution system and thanks
precisely to the discovery of the rotating magnetic field, the use of
the asynchronous motor — or induction motor — spread rapidly. It remains
the most widely used rotating electrical machine in the world today.

The rotating magnetic field also forms the basis for the
operation of the synchronous machine, which is used to build efficient
electric motors often employed in electric propulsion (automotive) and
widely used as generators (alternators).

[image: Excerpt from Tesla’s induction motor patent]Figure 1.2 – Excerpt from U.S. Patent No. 381,968 (1888), in which
Tesla describes a polyphase asynchronous motor.

2The Rotating Magnetic Field: A First Look

For an initial qualitative description of the rotating magnetic
field, we will refer to one of its practical applications: a synchronous
motor, a simplified model of which is shown in Interactive card 2.1
(Figure 2.1).

[image: Interactive card 2.1 (picture). Two-pole three-phase rotating field.]
Figure 2.1 – Interactive card 2.1: Two-pole three-phase rotating
field.Interactive in readers that support scripts. Otherwise, tap the picture or open the card on the web.Let’s begin by describing it, selecting ☑ Description in the
upper-left corner of the interactive card.

The stator (1) is the stationary part of the
machine, made of ferromagnetic material (sheet iron). Together with the
rotor’s magnetic core, it forms the magnetic circuit, which has the
fundamental task of amplifying and channeling the magnetic fluxes
necessary for operation. These fluxes are generated by the windings
powered by the three-phase current system (5). The
bodies emerging from the inner surface of the stator are called
poles (2), and their shaped ends are called
pole extensions (3). They form the magnetic core of the
windings (coils), which consist of a certain number of turns of copper
wire.

For example, following the red conductor: we enter at
P1, wind N turns (three in this case) around the pole below,
exit while continuing to follow the red conductor to the pole opposite
the first one, around which we wind another N turns in the same
direction, and then exit at F1. Each winding thus spans two
diametrically opposite poles. Similarly for the other two pairs of
poles.

These windings, properly connected to each other (in a star or
delta configuration) and to the power grid, constitute the three
“phases” of the system. A machine of this type would be classified as a
“salient-pole” or anisotropic machine. Although other solutions are used
in actual construction, the salient-pole representation is effective
from an educational perspective.

The rotor (6) is the moving part of the
motor. In this case, it consists of a permanent magnet (PM), whose
magnetic field interacts with the fields produced by the stator.

In the interactive card, it can be shown or hidden using the ☑ PM
ROTOR checkbox.

[image: reset icon]The interactive card features
several controls (checkboxes) that you can interact with to highlight
certain behaviors of the system. The reset icon returns the card to its
initial state. As you work with this simulation, you’ll begin to answer
some questions. For example, you might wonder about the meaning of the
term “synchronous” and come to understand which parameters the motor’s
speed depends on. You can also observe how crucial the balance of
currents is for smooth operation. Try varying the currents (☑ Current
Controls) or even turning one off. Note that a real rotor, which has
mass and therefore inertia, could not keep up with such sudden changes
and would come to a stop in a short time. In such cases, we would say
that the motor has “lost sync.” We’ll understand this better later
on.

2.1 – The Three-Phase System

The motor is powered by a symmetrical three-phase voltage system, and
since the three stator windings are as identical as possible, the
three-phase system is also balanced. This means that the currents
supplied to and drawn by the motor will be equal in magnitude and
equally phase-shifted (by 120°) relative to one another.

As mentioned earlier, the rotating field can generally be
generated by a two-phase or multi-phase system. However, the most
commonly used system in industry is the three-phase system. A quick
review of the three-phase system can be found by exploring the following
resource (Figure 2.2):

[image: Interactive card 2.1-A (picture). Power generation and connections in a three-phase system.]Figure 2.2 – Interactive card 2.1-A: Power generation and connections in a three-phase system.Still picture: the card is interactive in the full book.2.1.1
– Using the Load Sliders Z and
𝛗
(4 – Voltages & Currents) 

Once a ☑ star-connected load or ☑ delta-connected load has been selected, two sliders appear that
define the load connected to the generator. Each of the three phases of
the load has the same impedance. The slider Z sets its
magnitude: increasing Z reduces the current drawn from the generator,
while the voltages remain unchanged.
𝛗
sets the phase angle of the impedance, that is, the angle by which the
current lags behind
(φ>𝟎,
inductive load) or leads
(φ<𝟎,
capacitive load) the voltage across the same phase. For
φ=𝟎
the load is purely resistive and currents and voltages are in phase.
Moving the sliders, you can watch the current phasors and waveforms
change in magnitude and shift in phase relative to the voltages.

2.2 – Positive and Negative
Currents

As is well known, time-dependent sinusoidal quantities can be
represented by rotating vectors (card 2.1 ☑ Description, No. 5). Vectors
I1, I2, and
I3 represent the three-phase currents
supplying the stator. The text link in the upper-left corner (Gauss
plane) allows you to view the real and imaginary axes of the
Argand-Gauss complex plane.

We define a current as positive when its representative vector lies
in the first or second quadrant and therefore has a positive imaginary
part. We also agree that a positive current enters at the beginning (P)
of a winding and exits at the end (F). In the initial state,
I1 and I2 are
instantaneously negative, while I3 is positive.
I1 enters at the end F1 and exits
at the beginning P1; I3, on the
other hand, enters at the beginning P3 and exits at the end
F3.

[image: Maxwell’s rule (right-hand rule)]Figure 2.3 – Maxwell’s rule, or the right-hand rule, for determining
the direction of a magnetic field.To observe the magnetic field vectors (for simplicity, applied at the
center of the stator), deselect ☐ PM ROTOR.

If the current I1 is positive
(P1 → F1), the upper pole becomes a magnetic south
pole, and the lower pole becomes a magnetic north pole (Figure 2.4).

[image: Selections to make in order to test what is described in the text, Sec. 2.3.]Figure 2.4 – Selections to make in order to test what is described in
the text, Sec. 2.3.The arrows indicate the direction of the current in the windings, in
accordance with Maxwell’s rule (or the right-hand rule), as shown in
Figure 2.3. When I1 becomes negative
(F1 → P1), the magnetic polarities reverse. The
reversals occur at a frequency equal to that of the currents that
generate the magnetic field, which coincides with the rotation frequency
(revolutions per second) of the vectors.

Note that as long as vector I1 remains in the first and
second quadrants, the direction of the current and the magnetic
polarities of the phase do not change; however, the intensity of the
magnetic field B1 produced by current I1, which is
represented by a vector pointing along the ☑ pole axis
of phase 1, will vary. Similar considerations apply to the other two
phases carrying currents I2 and
I3.
 The distance between one magnetic pole and the next one in the
same phase, measured along the inner circumference of the stator, is
called ☑ pole pitch τ (tau). If r is the inner radius
of the stator, τ = r π.  It is sometimes referred to as the angle at the
center between two consecutive poles (here, π radians), which is
equivalent to setting r = 1.

2.3
– The Three-Phase Rotating Magnetic Field: How It Is Generated

To begin, suppose we supply only phase 1 with current I1
and consider a moment in time when it reaches its maximum instantaneous
positive value (Figure 2.4). We can do this by activating ☑ Current Controls and selecting ☑ I1
MAX. We note again that the magnetic field vector
generated by this current is directed along the pole axis and that its
magnitude (the field intensity) varies over time proportionally to the
current, according to the solenoid law:

B1=μNI1l

and since the current varies sinusoidally over time,
I1=I1Msin(ωt+φ),
so does the magnetic field.

We will therefore have three alternating ☑ Magnetic
Fields whose intensity varies sinusoidally over time according
to the currents that generate them.

The sum1 ☑ ∑Bi of the three vectors
instant by instant gives rise to a resultant vector that rotates with
constant angular velocity while also maintaining constant
amplitude.
 It can be easily seen that the resultant field, at the instant of
maximum current in one of the phases, is directed along the pole axis of
that phase. This means that the flux produced by the resultant field can
in turn be represented by a rotating vector in vector diagrams referring
to a single phase of the electric machine.

It is equally straightforward to determine the magnitude of
the resulting field. If we again consider the situation in which
I1 has its instantaneous maximum positive
value ☑ I1 MAX, we have
B1 reaching its maximum value, let’s say
BM, while B2 and
B3 have a value of BM/2, since
they are generated by currents whose instantaneous values are equal to
half the maximum value. We also note that B2
and B3 form angles of 60° with
B1. Given the symmetry of the two fields
with respect to B1, it is clear that the
resulting field will be directed precisely along
B1 itself. It is therefore sufficient to add
(☑ ∑Bi) the components of
B2 and B3 along
B1 to B1
itself:

B=B1+B2cos(π3)+B3cos(π3)=B1+B2⋅12+B3⋅12

replacing B1,
B2 and B3 with
the instantaneous values BM, BM/2 and
BM/2:

B=BM+BM2⋅12+BM2⋅12=32BM

It can be shown that in any other situation, the resulting field
always maintains the same magnitude, equal to 1.5 times the maximum
value of the field produced by a single phase.

The rotational velocity of the field depends on the
frequency f of the three-phase current system.
Let n1 denote the rotational frequency of the field,
expressed in revolutions per minute; since
n60=f
we can derive the
relationship: n1=60f,
which is improperly referred to as the “velocity” of the field. If the
phase currents are equal — that is, if the system is balanced — the
field has a constant magnitude over time. In this case, we refer to a
circular field. An imbalance in the currents causes the magnitude of B
to vary continuously: the motion of the field then appears irregular,
and the field is called elliptical because the tip of the resultant
vector B traces out an ellipse.

2.3.1 – Reversal of the
Direction of Rotation

If we “reverse two phases” (I2 ↔︎ I3), which
means, for example, sending current I3 to phase 2 and current
I2 to phase 3, the direction of rotation of the field is
reversed from clockwise (CW) to counterclockwise (CCW). In this example,
we simulate the reversal of I2 and
I3. To reverse the field, any pair of phases
can be swapped.

2.3.2
– Pole Pairs and the Rotational Velocity of the Magnetic Field

We have already noted that the velocity of the rotating field is
determined by the frequency of the stator currents and is directly
proportional to it; that is, if the frequency is doubled, for example,
the rotational speed will also double. But there is another factor that
affects the velocity: the number of pole pairs that characterize the
rotating magnetic field.

2.3.2.1 – Pole Pairs of the
Magnetic Field

To understand what is meant by the number of poles of a field,
consider the following.

The resulting field generated by a system such as the one just
examined can be imagined as being generated by two rotating ☑ Magnetic Poles
that form in the stator. The field lines emerge from the north pole and
enter the south pole. Such a magnetic field is called a two-pole field.
This can be confirmed by observing the instantaneous configurations of
the magnetic polarities of the poles: the stator always appears divided
into two zones, each of which contains only south poles or north
poles.

The rotation frequency of a two-pole field is equal to the
frequency of the currents that generate it: if the frequency of the
currents is 60 Hz, the “speed” of the field will be 60 revolutions per
second or 3,600 revolutions per minute, as can also be derived from the
previous formulas.

Now let’s assume that the system is configured as shown in the
diagram below (Figure 2.5). Each phase comprises four poles. They must
be wound in such a way that the currents create magnetic poles that
alternate in the North-South-North-South sequence.

[image: Interactive card 2.2 (picture). 4-pole three-phase rotating field.]Figure 2.5 – Interactive card 2.2: 4-pole three-phase rotating
field.Still picture: the card is interactive in the full book.In Phase 1, the current flows from the top pole near the
starting point P1 to the pole located 90° clockwise, then to
the poles at 180° and 270°. By paying attention to the direction in
which the turns are wound around the poles, we find that the current
I1 (☑ I1 only) of phase 1 creates
four alternating N-S-N-S magnetic poles arranged as shown in the image.
The same applies to phase 2 and phase 3 (☑ I2
only, ☑ I3 only).

The overall effect of the three currents is thus to divide the
stator, from a magnetic standpoint, into four zones, each of which
alternately represents a north pole and a south pole. There are
therefore two pairs of north-south poles, and the field is said to be
4-pole or tetrapolar. In this case as well, we can think of the rotating
field as a set of 4 rotating magnetic poles that are created in the
stator (☑ Rotating Field Poles).

The ☑ Field Lines of the resulting rotating field
emerge from the stator’s north poles and enter the south
poles.

It is worth noting that this field rotates at half the speed
of the previous case. If the frequency of the currents is 60 Hz, the
field rotates 30 times per second, or 1,800 times per minute. Let’s try
to explain this intuitively.

In a two-pole machine, the magnetic poles reverse every
half-period of the currents (T/2). During this time interval, the
rotating field is forced to travel a pole pitch (τ = πR) equal
to half the stator circumference (R = inner radius of the stator). In a
4-pole machine, the pole reversal also occurs every half-period of the
currents, but due to the system’s geometric configuration, the rotating
field travels only τ = πR/2 during this time, that is, half the distance
of the previous case. The result is a halving of the speed.

2.3.2.2 – Field Velocity

The above statement is a general principle: the velocity of
the rotating field is inversely proportional to the number of pole
pairs. Let us therefore define the quantity p as the
number of pole pairs. We will then refer to a field, a winding, or a
machine with p pole pairs. For a two-pole machine, we have
p = 1; for a four-pole machine, p = 2; and so on.
Obviously, 2p represents the number of poles, so if p
= 2, the field has 2p = 4 poles; if p = 3, the field
has 2p = 6 poles; and so on. We can then write a more general
equation for the rotating field velocity:

n160=fp

from which the speed in revolutions per minute can be calculated:

n1=60fp

Let us recall once again that speed expressed in revolutions per
minute is, strictly speaking, a rotational frequency, which should be
measured in Hz (hertz), or s⁻¹. The unit min⁻¹ (or revolutions per
minute), which is widely used in practice, is not part of the
International System of Units.

The chapter continues in the full book with Section 2.4 – Torque, and Interactive card 2.1 in its torque version.

1 Adding magnetic fields in magnetic circuits that contain
ferromagnetic materials is a delicate operation, because magnetic
saturation makes the system nonlinear. The superposition principle is
strictly valid only if the system operates in the linear region of the
magnetization curve.






Inside the Full Book

This sample ends here. The full e-book continues with an introduction to the operating principle of the induction motor, the study of the magnetic field in the air gap of isotropic machines, Leblanc’s theorem, traveling and standing waves and the spatial harmonics of the rotating field, always explained through interactive cards: 14 in all.

Try a Card from Chapter 7

Card 7.1 contains a small function plotter. Use its keypad to write a function of position x and time t, press PLOT and start the time with the play button. Can you find a function whose graph travels along the x axis without changing shape? The stopwatch and the check boxes then let you measure its phase velocity and wavelength.

[image: Interactive card 7.1 (picture). Find the “traveling” sine wave and discover other characteristics of traveling and standing waves.]
Interactive card 7.1: Find the “traveling” sine wave
and discover other characteristics of traveling and standing waves.Interactive in readers that support scripts. Otherwise, tap the picture or open the card on the web.
More Cards from the Book

Here are still pictures of some of the cards you will be able to use in the full book.

[image: Interactive card 3.1 (still picture)]Interactive card 3.1: The induction motor: squirrel-cage rotor, slip, torque and reaction currents, all controllable from the card.
[image: Interactive card 4.2 (still picture)]Interactive card 4.2: The magnetic field of a distributed winding, built up step by step with the circulation law.
[image: Interactive card 5.1 (still picture)]Interactive card 5.1: A four-pole synchronous machine: field lines, rotating poles and the field distribution in the air gap.
[image: Interactive card 6.2 (still picture)]Interactive card 6.2: Leblanc’s theorem: the three-phase rotating field decomposed into counter-rotating fields.
[image: Interactive card 7.3 (still picture)]Interactive card 7.3: Spatial harmonics of the rotating field: fundamental, 3rd and 5th harmonics and their sum.
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The interactive cards run in e-book readers that support scripts, such as Apple Books and Thorium. In other readers each card is shown as a picture with a link to the card on the web.


OEBPS/js/core.js
/* (c) Sandro Ronca. All rights reserved. Part of "Physics and Mathematics of the Rotating Magnetic Field". Copying, redistribution or reuse of this code and data without written permission is prohibited. */
(function(fr){"use strict";var Q=Math.PI;function At(t){return String(t).replace(/_\{([^}]*)\}/g,"_$1")}function Dt(t){return typeof t=="number"}function lr(t){return typeof t=="number"&&isFinite(t)}function P(t,r){return{k:"pt",x:t,y:r}}function Ot(t,r,i){return{k:"line",a:t,b:r,c:i}}function nr(t,r,i,n){return{k:"seg",x1:t,y1:r,x2:i,y2:n}}function Bt(t,r){if(typeof t=="boolean")return t?"true":"false";if(typeof t=="string")return t;if(!Dt(t)||!isFinite(t))return"?";var i=Math.pow(10,r==null?2:r),n=Math.round(t*i)/i;Object.is&&Object.is(n,-0)&&(n=0);var s=String(n);return s.indexOf("e")>=0&&(s=n.toFixed(r==null?2:r)),s}var tr="A-Za-z\\u00C0-\\u024F\\u0370-\\u03FF\\u2200-\\u2200",Zt=new RegExp("^["+tr+"]["+tr+"0-9]*(?:_(?:\\{[^}]*\\}|["+tr+"0-9]+))?'*(?:_(?:\\{[^}]*\\}|["+tr+"0-9]+))?["+tr+"0-9]*"),mr=/^(?:\d+\.?\d*|\.\d+)(?:[eE][+-]?\d+(?![A-Za-z]))?/,H=["<=>","!==","==="],lt=["<=",">=","==","!=","&&","||","<>","->"];function x(t){for(var r=[],i=0,n=t.length,s,h,y;i<n;){if(s=t.charAt(i),/\s/.test(s)){i++;continue}if(y=t.slice(i),s==='"'){for(var p=i+1;p<n&&t.charAt(p)!=='"';)p++;r.push({t:"str",v:t.slice(i+1,p)}),i=p+1;continue}if(h=mr.exec(y)){r.push({t:"num",v:parseFloat(h[0])}),i+=h[0].length;continue}if(h=Zt.exec(y)){r.push({t:"id",v:At(h[0])}),i+=h[0].length;continue}var v=t.substr(i,2);if(lt.indexOf(v)>=0){r.push({t:"op",v:v}),i+=2;continue}var L={"\u2212":"-","\u2219":"*","\xB7":"*","\xD7":"*","\u2227":"&&","\u2228":"||","\xAC":"!","\u2264":"<=","\u2265":">=","\u2260":"!=","\u2194":"==","\u225F":"==","\u22C5":"*"};if(L[s]){r.push({t:"op",v:L[s]}),i++;continue}if(s==="\xB0"){r.push({t:"op",v:"deg"}),i++;continue}if(s==="\u2297"||s==="\u2299"){r.push({t:"op",v:s==="\u2297"?"cross":"*"}),i++;continue}r.push({t:"op",v:s}),i++}return r}var mt={sin:Math.sin,cos:Math.cos,tan:Math.tan,asin:Math.asin,acos:Math.acos,atan:Math.atan,sinh:function(t){return(Math.exp(t)-Math.exp(-t))/2},cosh:function(t){return(Math.exp(t)+Math.exp(-t))/2},tanh:function(t){var r=Math.exp(t),i=Math.exp(-t);return(r-i)/(r+i)},exp:Math.exp,ln:Math.log,log:Math.log,lg:function(t){return Math.log(t)/Math.LN10},ld:function(t){return Math.log(t)/Math.LN2},sqrt:Math.sqrt,cbrt:function(t){return t<0?-Math.pow(-t,1/3):Math.pow(t,1/3)},abs:Math.abs,floor:Math.floor,ceil:Math.ceil,round:function(t){return Math.floor(t+.5)},sgn:function(t){return t>0?1:t<0?-1:0},sign:function(t){return t>0?1:t<0?-1:0},acosd:Math.acos,asind:Math.asin,atand:Math.atan,sind:function(t){return Math.sin(t*Q/180)},cosd:function(t){return Math.cos(t*Q/180)},tand:function(t){return Math.tan(t*Q/180)},sec:function(t){return 1/Math.cos(t)},csc:function(t){return 1/Math.sin(t)},cot:function(t){return 1/Math.tan(t)},trunc:Math.trunc||function(t){return t<0?Math.ceil(t):Math.floor(t)},fractionalpart:function(t){return t-Math.floor(t)}},Ft={atan2:Math.atan2,max:Math.max,min:Math.min,mod:function(t,r){return t-r*Math.floor(t/r)},pow:Math.pow};function tt(t,r){this.t=x(t),this.i=0,this.known=r||function(){return!1},this.src=t}tt.prototype={peek:function(t){return this.t[this.i+(t||0)]},next:function(){return this.t[this.i++]},isOp:function(t,r){var i=this.peek(r);return i&&i.t==="op"&&i.v===t},eat:function(t){return this.isOp(t)?(this.i++,!0):!1},parse:function(){var t=this.parseOr();if(this.i<this.t.length)throw new Error("parse: unexpected '"+this.peek().v+"' in "+this.src);return t},parseOr:function(){for(var t=this.parseAnd();this.isOp("||");)this.i++,t={k:"bin",op:"||",a:t,b:this.parseAnd()};return t},parseAnd:function(){for(var t=this.parseEq();this.isOp("&&");)this.i++,t={k:"bin",op:"&&",a:t,b:this.parseEq()};return t},parseEq:function(){for(var t=this.parseRel();this.isOp("==")||this.isOp("!=");){var r=this.next().v;t={k:"bin",op:r,a:t,b:this.parseRel()}}return t},parseRel:function(){for(var t=this.parseAdd(),r=[],i=[t],n;this.isOp("<")||this.isOp(">")||this.isOp("<=")||this.isOp(">=");)n=this.next().v,r.push(n),i.push(this.parseAdd());if(!r.length)return t;for(var s=null,h=0;h<r.length;h++){var y={k:"bin",op:r[h],a:i[h],b:i[h+1]};s=s?{k:"bin",op:"&&",a:s,b:y}:y}return s},parseAdd:function(){for(var t=this.parseMul();this.isOp("+")||this.isOp("-");){var r=this.next().v;t={k:"bin",op:r,a:t,b:this.parseMul()}}return t},startsTerm:function(){var t=this.peek();return t?t.t==="num"||t.t==="id"||t.t==="str"||t.t==="op"&&(t.v==="("||t.v==="{"):!1},parseMul:function(){for(var t=this.parseUnary();;)if(this.isOp("*"))this.i++,t={k:"bin",op:"*",a:t,b:this.parseUnary()};else if(this.isOp("/"))this.i++,t={k:"bin",op:"/",a:t,b:this.parseUnary()};else if(this.isOp("cross"))this.i++,t={k:"bin",op:"cross",a:t,b:this.parseUnary()};else if(this.startsTerm())t={k:"bin",op:"*",a:t,b:this.parseUnary()};else break;return t},parseUnary:function(){return this.isOp("-")?(this.i++,{k:"un",op:"-",a:this.parseUnary()}):this.isOp("+")?(this.i++,this.parseUnary()):this.isOp("!")?(this.i++,{k:"un",op:"!",a:this.parseUnary()}):this.parsePow()},parsePow:function(){var t=this.parsePostfix();if(this.isOp("^")){this.i++;var r=this.parseUnary();t={k:"bin",op:"^",a:t,b:r}}return t},parsePostfix:function(){for(var t=this.parsePrimary();;)if(this.isOp("deg"))this.i++,t={k:"bin",op:"*",a:t,b:{k:"num",v:Q/180}};else if(this.isOp("!")&&!this.startsTerm2(1))this.i++,t={k:"call",n:"factorial",args:[t]};else break;return t},startsTerm2:function(t){var r=this.peek(t);return r&&(r.t==="num"||r.t==="id"||r.t==="op"&&r.v==="(")},parseArgs:function(t){var r=[];if(this.isOp(t))return this.i++,r;for(;;)if(r.push(this.parseOr()),!this.eat(",")){if(this.eat(t))break;throw new Error("parse: expected , or "+t+" in "+this.src)}return r},parsePrimary:function(){var t=this.next();if(!t)throw new Error("parse: unexpected end in "+this.src);if(t.t==="num")return{k:"num",v:t.v};if(t.t==="str")return{k:"str",v:t.v};if(t.t==="op"){if(t.v==="deg")return{k:"num",v:Q/180};if(t.v==="("){var r=this.parseOr();if(this.eat(";")){var i=this.parseOr();if(!this.eat(")"))throw new Error("parse: bad polar in "+this.src);return{k:"polar",r:r,a:i}}if(this.eat(",")){for(var n=[r];;)if(n.push(this.parseOr()),!this.eat(",")){if(this.eat(")"))break;throw new Error("parse: bad tuple in "+this.src)}return{k:"tuple",items:n}}if(!this.eat(")"))throw new Error("parse: missing ) in "+this.src);return{k:"par",a:r}}if(t.v==="{")return{k:"list",items:this.parseArgs("}")};throw new Error("parse: unexpected op '"+t.v+"' in "+this.src)}var s=t.v;if(this.isOp("(")||this.isOp("[")){var h=this.peek(),y=h.v==="[";if(y||!this.known(s)||this.isFnName(s)){this.i++;var p=this.parseArgs(y?"]":")");return{k:"call",n:s,args:p,br:y}}}var v=s.toLowerCase();if(mt[s]&&!this.known(s)){var L=this.parseFuncArg();return{k:"call",n:s,args:[L]}}return{k:"id",n:s}},isFnName:function(t){var r=t;return!!(mt[r]||Ft[r])||this.fnLabel&&this.fnLabel(t)},parseFuncArg:function(){for(var t=this.parsePow();this.startsTerm()&&!this.isOp("(");)t={k:"bin",op:"*",a:t,b:this.parsePow()};return t}};function Z(t,r){this.opts=r||{},this.lineOrder=!!t.lineOrder,this.view=t.view,this.files=t.files||{},this.els=[],this.byLabel={},this.vals={},this.errors=[];var i=this;t.els.forEach(function(n){/3d$/.test(n.type)&&(n.is3d=!0,n.type=n.type.replace(/3d$/,""));var s=n;s.key=At(n.label),i.els.push(s),i.byLabel[s.key]=s}),this.known=function(n){return!!i.byLabel[At(n)]||n==="xAxis"||n==="yAxis"},this.compile()}Z.prototype.fnLabelP=function(t){var r=this.byLabel[At(t)];return!!(r&&r.type==="function")},Z.prototype.parseExpr=function(t){var r=this,i=new tt(t,function(s){return r.known(s)});i.fnLabel=function(s){return r.fnLabelP(s)};var n=i.parse();return this.fixIds(n)},Z.prototype.fixIds=function(t){var r=this;if(!t||typeof t!="object")return t;if(t.k==="id"){var i=t.n;if(this.known(i)||i==="pi"||i==="\u03C0"||i==="e"||i==="\u212F"||i==="x"||i==="y"||i==="z"||i==="true"||i==="false"||i==="t"&&!1)return t;var n=this.splitId(i);if(n){for(var s={k:"id",n:n[0]},h=1;h<n.length;h++)s={k:"bin",op:"*",a:s,b:{k:"id",n:n[h]}};return{k:"par",a:s}}return t}return["a","b","r"].forEach(function(y){t[y]&&(t[y]=r.fixIds(t[y]))}),t.args&&(t.args=t.args.map(function(y){return r.fixIds(y)})),t.items&&(t.items=t.items.map(function(y){return r.fixIds(y)})),t},Z.prototype.splitId=function(t){for(var r=[],i=0,n=t.length;i<n;){for(var s=null,h=n;h>i;h--){var y=t.slice(i,h);if(this.known(y)||y==="pi"||y==="\u03C0"||y==="x"||y==="y"||y==="e"){s=y,i=h;break}}if(!s)return null;r.push(s)}return r.length>1?r:null},Z.prototype.deps=function(t,r){if(r=r||{},!t||typeof t!="object")return r;if(t.k==="id"&&this.byLabel[At(t.n)]&&(r[At(t.n)]=1),t.a&&this.deps(t.a,r),t.b&&this.deps(t.b,r),t.r&&this.deps(t.r,r),t.args)for(var i=0;i<t.args.length;i++)this.deps(t.args[i],r);if(t.items)for(var n=0;n<t.items.length;n++)this.deps(t.items[n],r);return r},Z.prototype.compile=function(){var t=this;this.els.forEach(function(r){r.dep=!1,r.free=!0;var i=function(F,it,ut){return F&&F[it]!=null?F[it]:ut};if(r.showObj=i(r.show,"object","true")==="true",r.showLab=i(r.show,"label","true")==="true",r.ev=parseInt(i(r.show,"ev","0"),10)||0,r.condition&&r.condition.showObject)try{r.condAst=t.parseExpr(r.condition.showObject)}catch(F){t.errors.push(r.label+" cond: "+F.message)}try{if(r.cmd){r.cmdIdx=r.cmd.out.indexOf(r.label),r.cmdArgs=r.cmd.in.map(function(F){return t.parseExpr(F)}),r.dep=!0,r.free=!1;var n={};r.cmdArgs.forEach(function(F){t.deps(F,n)}),r.deps=n}else if(r.expr){var s=r.expr.exp,h=/^\s*([^=()\s]+)\s*\(\s*x\s*\)\s*=\s*([\s\S]*)$/.exec(s);if(h&&r.type==="function")r.isFn=!0,r.ast=t.parseExpr(h[2]);else{var y=s,p=/^\s*[^=\s"]+\s*=\s*([\s\S]*)$/.exec(s);p&&!/^\s*"/.test(s)&&r.type!=="boolean"&&!/^[^=]*[<>!]=?[^=]*$/.test(s)&&(y=p[1]),r.ast=t.parseExpr(y)}var v=t.deps(r.ast,{});r.deps=v;var L=!1;for(var C in v)v[C]&&C!==r.key&&(L=!0);r.isFn&&(L=!0),L||r.type==="function"?(r.dep=!0,r.free=!1):(r.type==="text"||r.type==="numeric"||r.type==="boolean"||r.type==="point"||r.type==="vector")&&(r.free=!0,r.constAst=r.ast)}}catch(F){t.errors.push(r.label+": "+F.message),r.dep=!1,r.free=!0}if(r.free)if(r.type==="numeric")r.val=parseFloat(r.value?r.value.val:r.expr?t.evalConst(r):0);else if(r.type==="boolean")r.val=r.value&&r.value.val==="true";else if(r.type==="point"){var U=r.coords||{},E=parseFloat(U.z);E||(E=1),r.val=P(parseFloat(U.x)/E,parseFloat(U.y)/E)}else if(r.type==="vector"){var W=r.coords||{};r.val={k:"vec",x:parseFloat(W.x),y:parseFloat(W.y),sx:0,sy:0}}else r.type==="text"?r.val=r.expr?t.evalConst(r):"":r.type==="line"&&r.coords&&!r.expr?r.val=Ot(parseFloat(r.coords.x),parseFloat(r.coords.y),parseFloat(r.coords.z)):r.type==="segment"&&r.coords&&!r.expr&&(r.free=!0,r.val=void 0);if(r.slider){var F=function(it){var ut=String(it).replace(/\u03c0|pi/g,"("+Math.PI+")");if(!/^[0-9eE+\-*\/().\s]+$/.test(ut))return NaN;try{return new Function("return ("+ut+")")()}catch(ct){return NaN}};r.sl={min:parseFloat(r.slider.min),max:parseFloat(r.slider.max),abs:r.slider.absoluteScreenLocation==="true",w:parseFloat(r.slider.width),x:parseFloat(r.slider.x),y:parseFloat(r.slider.y),fixed:r.slider.fixed==="true",horiz:r.slider.horizontal!=="false"},isNaN(r.sl.min)&&(r.sl.min=F(r.slider.min)),isNaN(r.sl.max)&&(r.sl.max=F(r.slider.max)),isNaN(r.sl.min)&&(r.sl.min=0),isNaN(r.sl.max)&&(r.sl.max=1)}if(r.animation&&(r.sl||r.type==="numeric")){var $=r.animation.speed!=null?parseFloat(r.animation.speed):1;r.anim={has:r.animation.speed!==void 0,on:r.animation.playing==="true",speed:isNaN($)?1:$,speedExpr:isNaN($)&&typeof r.animation.speed=="string"&&r.animation.speed?At(r.animation.speed):null,type:parseInt(r.animation.type||"0",10),dir:1,step:parseFloat(r.animation.step)||0}}if(r.ggbscript)try{r.ggbscript.val&&(r.script=t.parseScript(r.ggbscript.val)),r.ggbscript.onUpdate&&(r.onUpd=t.parseScript(r.ggbscript.onUpdate))}catch(F){t.errors.push(r.label+" script: "+F.message)}r.vis=!0,r.uvis=null}),this.reset()},Z.prototype.evalConst=function(t){try{var r=this.ev(t.ast,{});return t.type==="numeric",r}catch(i){return 0}},Z.prototype.reset=function(){var t=this;this.running=this.els.some(function(r){return r.anim&&r.anim.on}),this.els.forEach(function(r){r.uvis=null,r.userColor=null,r.type==="numeric"&&r.free&&(r.val=parseFloat(r.value?r.value.val:0)),r.type==="boolean"&&r.free&&(r.val=r.value&&r.value.val==="true"),r._pp=null,r._param=null}),this.update(!0)},Z.prototype.getVal=function(t,r){var i=At(t);if(r&&r.locals&&r.locals.hasOwnProperty(i))return r.locals[i];if(this.vals.hasOwnProperty(i))return this.vals[i];if(i==="xAxis")return Ot(0,1,0);if(i==="yAxis")return Ot(1,0,0);if(i==="x"&&r&&r.x!=null)return r.x;if(i==="y"&&r&&r.y!=null)return r.y;if(i==="pi"||i==="\u03C0")return Q;if(i==="e"||i==="\u212F")return Math.E;if(i==="true")return!0;if(i==="false")return!1;if(i==="x"||i==="y")return i};function D(t){return typeof t=="boolean"?t?1:0:typeof t=="string"?parseFloat(t):t&&t.k==="ang"?t.v:t&&t.k==="pt"?NaN:t}function St(t){return typeof t=="boolean"?t:typeof t=="number"?t!==0&&!isNaN(t):!!t}function st(t,r){return t&&t.k==="fn"?t.f(r):NaN}Z.prototype.ev=function(t,r){var i=this,n,s,h;switch(t.k){case"num":return t.v;case"str":return t.v;case"par":return this.ev(t.a,r);case"id":{var y=this.getVal(t.n,r);return y&&y.k==="fn"&&r&&r.x!=null&&!r.noApply?y.f(r.x):y}case"tuple":{var p=t.items.map(function(C){return D(i.ev(C,r))});return P(p[0],p[1])}case"polar":{var v=D(this.ev(t.r,r)),L=D(this.ev(t.a,r));return P(v*Math.cos(L),v*Math.sin(L))}case"list":return{k:"list",items:t.items.map(function(C){return i.ev(C,r)})};case"un":return n=this.ev(t.a,r),t.op==="-"?n&&(n.k==="pt"||n.k==="vec")?{k:n.k,x:-n.x,y:-n.y,sx:n.sx,sy:n.sy}:-D(n):!St(n);case"bin":return this.bin(t,r);case"call":return this.call(t,r)}throw new Error("bad node "+t.k)},Z.prototype.bin=function(t,r){var i=t.op,n,s;if(i==="&&")return n=this.ev(t.a,r),St(n)?St(this.ev(t.b,r)):!1;if(i==="||")return n=this.ev(t.a,r),St(n)?!0:St(this.ev(t.b,r));if(n=this.ev(t.a,r),s=this.ev(t.b,r),i==="<")return D(n)<D(s);if(i===">")return D(n)>D(s);if(i==="<=")return D(n)<=D(s)+1e-12;if(i===">=")return D(n)+1e-12>=D(s);if(i==="==")return typeof n=="boolean"||typeof s=="boolean"?St(n)===St(s):typeof n=="string"?n===s:Math.abs(D(n)-D(s))<1e-10;if(i==="!=")return typeof n=="boolean"||typeof s=="boolean"?St(n)!==St(s):typeof n=="string"?n!==s:Math.abs(D(n)-D(s))>=1e-10;var h=function(y){return y&&(y.k==="pt"||y.k==="vec")};if(i==="+")return typeof n=="string"||typeof s=="string"?this.str(n)+this.str(s):h(n)&&h(s)?{k:n.k==="pt"||s.k==="pt"?"pt":"vec",x:n.x+s.x,y:n.y+s.y,sx:n.sx,sy:n.sy}:h(n)?{k:n.k,x:n.x+D(s),y:n.y+D(s),sx:n.sx,sy:n.sy}:h(s)?{k:s.k,x:s.x+D(n),y:s.y+D(n),sx:s.sx,sy:s.sy}:D(n)+D(s);if(i==="-")return h(n)&&h(s)?{k:n.k==="pt"&&s.k==="pt"?"vec":n.k==="pt"?"pt":"vec",x:n.x-s.x,y:n.y-s.y,sx:n.k==="pt"?n.x:n.sx,sy:n.k==="pt"?n.y:n.sy}:D(n)-D(s);if(i==="*")return h(n)&&h(s)?n.x*s.x+n.y*s.y:h(n)?{k:n.k,x:n.x*D(s),y:n.y*D(s),sx:n.sx,sy:n.sy}:h(s)?{k:s.k,x:s.x*D(n),y:s.y*D(n),sx:s.sx,sy:s.sy}:n&&n.k==="fn"&&typeof s=="number"?{k:"fn",f:function(y){return n.f(y)*s}}:D(n)*D(s);if(i==="/")return h(n)?{k:n.k,x:n.x/D(s),y:n.y/D(s),sx:n.sx,sy:n.sy}:D(n)/D(s);if(i==="cross")return n.x*s.y-n.y*s.x;if(i==="^")return Math.pow(D(n),D(s));throw new Error("bad op "+i)},Z.prototype.str=function(t){return typeof t=="string"?t:Dt(t)?Bt(t,2):typeof t=="boolean"?t?"true":"false":t&&(t.k==="pt"||t.k==="vec")?"("+Bt(t.x,2)+", "+Bt(t.y,2)+")":""},Z.prototype.call=function(t,r){var i=this,n=t.n.toLowerCase(),s=t.args,h,y=this.byLabel[At(t.n)];if(y&&y.type==="function"){var p=this.vals[At(t.n)];return p&&p.k==="fn"?p.f(D(this.ev(s[0],r))):NaN}if(n==="if"){var v=St(this.ev(s[0],r));return v?this.ev(s[1],r):s.length>2?this.ev(s[2],r):r&&r.x!=null?NaN:void 0}if((n==="x"||n==="y"||n==="z")&&s.length===1)return h=this.ev(s[0],{x:r&&r.x,locals:r&&r.locals,noApply:!0}),h&&(h.k==="pt"||h.k==="vec")?n==="x"?h.x:n==="y"?h.y:0:h&&h.k==="line"?n==="x"?h.a:n==="y"?h.b:h.c:(r&&r.x!=null&&n==="x"?r.x:0)*D(h);if(mt[t.n]&&s.length===1)return mt[t.n](D(this.ev(s[0],r)));if(Ft[t.n]&&s.length>=2)return Ft[t.n].apply(null,s.map(function(ct){return D(i.ev(ct,r))}));if(n==="factorial"){for(var L=Math.round(D(this.ev(s[0],r))),C=1,U=2;U<=L;U++)C*=U;return C}var E=s.map(function(ct){return i.ev(ct,{x:r&&r.x,locals:r&&r.locals,noApply:!0})}),W=d[n];if(!W){for(var $=t.n.length-1;$>=1;$--){var F=t.n.slice(0,$),it=t.n.slice($);if(mt[it]&&s.length===1&&(this.known(F)||this.splitId(F))){var ut=this.known(F)?this.ev({k:"id",n:F},r):this.ev(this.fixIds({k:"id",n:F}),r);return this.bin({op:"*",a:{k:"num",v:D(ut)},b:{k:"num",v:mt[it](D(this.ev(s[0],r)))}},r)}}throw new Error("unknown function/command "+t.n)}return W.call(this,E,r,t)};var d={};function ot(t){return t&&t.k==="pt"}function b(t,r){return Math.sqrt((t.x-r.x)*(t.x-r.x)+(t.y-r.y)*(t.y-r.y))}function f(t,r){var i=r.y-t.y,n=-(r.x-t.x);return Ot(i,n,-i*t.x-n*t.y)}function w(t,r,i){var n=i,s=-r;return Ot(n,s,-n*t.x-s*t.y)}function G(t){return t.k==="line"?{x:t.b,y:-t.a}:t.k==="vec"?{x:t.x,y:t.y}:t.k==="seg"?{x:t.x2-t.x1,y:t.y2-t.y1}:{x:NaN,y:NaN}}d.segment=function(t){return nr(t[0].x,t[0].y,t[1].x,t[1].y)},d.vector=function(t){return t.length===1?{k:"vec",x:t[0].x,y:t[0].y,sx:0,sy:0}:{k:"vec",x:t[1].x-t[0].x,y:t[1].y-t[0].y,sx:t[0].x,sy:t[0].y}},d.midpoint=function(t){return t[0].k==="seg"?P((t[0].x1+t[0].x2)/2,(t[0].y1+t[0].y2)/2):P((t[0].x+t[1].x)/2,(t[0].y+t[1].y)/2)},d.line=function(t){var r=t[0],i=t[1];if(i.k==="pt")return f(r,i);var n=G(i);return w(r,n.x,n.y)},d.orthogonalline=function(t){var r=t[0],i=G(t[1]);return Ot(i.x,i.y,-(i.x*r.x+i.y*r.y))},d.linebisector=function(t){var r,i;t[0].k==="seg"?(r=P(t[0].x1,t[0].y1),i=P(t[0].x2,t[0].y2)):(r=t[0],i=t[1]);var n=(r.x+i.x)/2,s=(r.y+i.y)/2,h=i.x-r.x,y=i.y-r.y;return Ot(h,y,-(h*n+y*s))},d.angularbisector=function(t){if(t.length===3){var r=t[0],i=t[1],n=t[2],s=b(r,i),h=b(n,i),y=(r.x-i.x)/s+(n.x-i.x)/h,p=(r.y-i.y)/s+(n.y-i.y)/h;return Math.abs(y)+Math.abs(p)<1e-12&&(y=-(r.y-i.y),p=r.x-i.x),w(i,y,p)}return Ot(NaN,NaN,NaN)},d.circle=function(t){if(t.length===3){var r=t[0],i=t[1],n=t[2],s=2*(r.x*(i.y-n.y)+i.x*(n.y-r.y)+n.x*(r.y-i.y)),h=((r.x*r.x+r.y*r.y)*(i.y-n.y)+(i.x*i.x+i.y*i.y)*(n.y-r.y)+(n.x*n.x+n.y*n.y)*(r.y-i.y))/s,y=((r.x*r.x+r.y*r.y)*(n.x-i.x)+(i.x*i.x+i.y*i.y)*(r.x-n.x)+(n.x*n.x+n.y*n.y)*(i.x-r.x))/s;return{k:"circ",cx:h,cy:y,r:b(r,P(h,y))}}var p=t[0],v;return t[1].k==="pt"?v=b(p,t[1]):t[1].k==="seg"?v=b(P(t[1].x1,t[1].y1),P(t[1].x2,t[1].y2)):v=D(t[1]),{k:"circ",cx:p.x,cy:p.y,r:v}};function I(t,r,i,n,s,h){for(var y=s-n;y<0;)y+=2*Q;for(;y>=2*Q;)y-=2*Q;return{k:"arc",cx:t,cy:r,r:i,a0:n,da:y,sector:!!h}}d.circlearc=function(t){var r=t[0],i=t[1],n=t[2];return I(r.x,r.y,b(r,i),Math.atan2(i.y-r.y,i.x-r.x),Math.atan2(n.y-r.y,n.x-r.x),!1)},d.circlesector=function(t){var r=t[0],i=t[1],n=t[2];return I(r.x,r.y,b(r,i),Math.atan2(i.y-r.y,i.x-r.x),Math.atan2(n.y-r.y,n.x-r.x),!0)};function j(t,r){var i=d.circle.call(null,t),n=t[0],s=t[1],h=t[2],y=(s.x-n.x)*(h.y-n.y)-(s.y-n.y)*(h.x-n.x),p=Math.atan2(n.y-i.cy,n.x-i.cx),v=Math.atan2(h.y-i.cy,h.x-i.cx);return y>0?I(i.cx,i.cy,i.r,p,v,r):I(i.cx,i.cy,i.r,v,p,r)}d.circumcirclearc=function(t){return j(t,!1)},d.circumcirclesector=function(t){return j(t,!0)},d.isinregion=function(t){var r=t[0],i=t[1];if(!r||!i)return!1;if(i.k==="arc"){var n=r.x-i.cx,s=r.y-i.cy,h=Math.sqrt(n*n+s*s);if(h>i.r+1e-9)return!1;for(var y=Math.atan2(s,n)-i.a0;y<0;)y+=2*Q;for(;y>=2*Q;)y-=2*Q;return y<=i.da+1e-9}if(i.k==="poly"){for(var p=!1,v=i.pts,L=0,C=v.length-1;L<v.length;C=L++)v[L].y>r.y!=v[C].y>r.y&&r.x<(v[C].x-v[L].x)*(r.y-v[L].y)/(v[C].y-v[L].y)+v[L].x&&(p=!p);return p}return!1},d.polygon=function(t){return{k:"poly",pts:t.map(function(r){return P(r.x,r.y)})}},d.polyline=function(t){return{k:"pline",pts:t.map(function(r){return P(r.x,r.y)})}},d.angle=function(t){if(t.length===3){for(var r=t[0],i=t[1],n=t[2],s=Math.atan2(r.y-i.y,r.x-i.x),h=Math.atan2(n.y-i.y,n.x-i.x),y=h-s;y<0;)y+=2*Q;for(;y>=2*Q;)y-=2*Q;return{k:"ang",ox:i.x,oy:i.y,a0:s,da:y,v:y,la:b(r,i),lb:b(n,i)}}for(var p=G(t[0]),v=G(t[1]),L=Math.atan2(p.y,p.x),C=Math.atan2(v.y,v.x),U=C-L;U<0;)U+=2*Q;for(;U>=2*Q;)U-=2*Q;return{k:"ang",ox:NaN,oy:NaN,a0:L,da:U,v:U}},d.length=function(t){var r=t[0];return typeof r=="string"?r.length:r.k==="vec"||r.k==="pt"?Math.sqrt(r.x*r.x+r.y*r.y):r.k==="seg"?Math.sqrt((r.x2-r.x1)*(r.x2-r.x1)+(r.y2-r.y1)*(r.y2-r.y1)):r.k==="list"?r.items.length:NaN},d.distance=function(t){var r=t[0],i=t[1];if(r.k==="pt"&&i.k==="pt")return b(r,i);if(r.k==="pt"&&i.k==="line")return Math.abs(i.a*r.x+i.b*r.y+i.c)/Math.sqrt(i.a*i.a+i.b*i.b);if(i.k==="pt"&&r.k==="line")return d.distance([i,r]);if(r.k==="pt"&&i.k==="seg"){var n=m(i,r);return b(r,n)}return NaN},d.unitvector=function(t){var r=t[0],i=G(r),n=Math.sqrt(i.x*i.x+i.y*i.y);return{k:"vec",x:i.x/n,y:i.y/n,sx:0,sy:0}},d.unitorthogonalvector=function(t){var r=t[0],i=G(r),n=Math.sqrt(i.x*i.x+i.y*i.y);return{k:"vec",x:-i.y/n,y:i.x/n,sx:0,sy:0}},d.center=function(t){var r=t[0];return r.k==="circ"||r.k==="arc"?P(r.cx,r.cy):P(NaN,NaN)},d.centroid=function(t){for(var r=t[0].pts,i=0,n=0,s=0,h=r.length,y=0;y<h;y++){var p=r[(y+1)%h],v=r[y].x*p.y-p.x*r[y].y;i+=v,n+=(r[y].x+p.x)*v,s+=(r[y].y+p.y)*v}return i/=2,P(n/(6*i),s/(6*i))},d.verticaltext=function(t){return t[0]},d.take=function(t){var r=String(t[0]);return r.substring(D(t[1])-1,D(t[2]))},d.latex=function(t){return t[0]},d.parsetofunction=function(t){return this.makeFnFromText(String(t[0]))},d.function=function(t){var r=t[0],i=D(t[1]),n=D(t[2]);return{k:"fn",f:function(s){return s<i-1e-12||s>n+1e-12?NaN:r.f(s)},lo:i,hi:n}},d.sum=function(t){var r=0;return(t[0].items||[]).forEach(function(i){r+=D(i)}),r},Z.prototype.makeFnFromText=function(t){var r,i=0,n=!0,s;for(s=0;s<t.length;s++)t.charAt(s)==="("?i++:t.charAt(s)===")"&&(i--,i<0&&(n=!1));if(i!==0&&(n=!1),!n)return this.plotError="paren",{k:"fn",f:function(){return NaN},bad:!0};try{r=this.parseExpr(t)}catch(y){return this.plotError="syntax",{k:"fn",f:function(){return NaN},bad:!0}}this.plotError=null;var h=this;return{k:"fn",f:function(y){try{var p=h.ev(r,{x:y});return D(p)}catch(v){return NaN}},text:t}};function k(t,r){switch(t.k){case"pt":{var i=r(t);return P(i.x,i.y)}case"vec":{var n=r(P(t.sx,t.sy)),s=r(P(t.sx+t.x,t.sy+t.y));return{k:"vec",x:s.x-n.x,y:s.y-n.y,sx:n.x,sy:n.y}}case"seg":{var h=r(P(t.x1,t.y1)),y=r(P(t.x2,t.y2));return nr(h.x,h.y,y.x,y.y)}case"poly":return{k:"poly",pts:t.pts.map(r)};case"pline":return{k:"pline",pts:t.pts.map(r)};case"line":{var p,v;Math.abs(t.b)>Math.abs(t.a)?(p=P(0,-t.c/t.b),v=P(1,-(t.c+t.a)/t.b)):(p=P(-t.c/t.a,0),v=P(-(t.c+t.b)/t.a,1));var L=r(p),C=r(v);return f(L,C)}case"circ":{var U=r(P(t.cx,t.cy)),E=r(P(t.cx+t.r,t.cy));return{k:"circ",cx:U.x,cy:U.y,r:b(U,E)}}case"arc":{var W=r(P(t.cx,t.cy)),$=r(P(t.cx+t.r*Math.cos(t.a0),t.cy+t.r*Math.sin(t.a0))),F=r(P(t.cx+t.r*Math.cos(t.a0+t.da),t.cy+t.r*Math.sin(t.a0+t.da))),it=Math.atan2($.y-W.y,$.x-W.x),ut=Math.atan2(F.y-W.y,F.x-W.x);return{k:"arc",cx:W.x,cy:W.y,r:b(W,$),a0:it,da:t.da,sector:t.sector,_a1:ut}}}return t}d.translate=function(t){var r=t[0],i=t[1];return r.k==="vec"&&i.k==="pt"?{k:"vec",x:r.x,y:r.y,sx:i.x,sy:i.y}:i.k==="vec"?k(r,function(n){return P(n.x+i.x,n.y+i.y)}):r},d.rotate=function(t){var r=t[0],i=D(t[1]),n=t[2]||P(0,0),s=Math.cos(i),h=Math.sin(i),y=k(r,function(p){var v=p.x-n.x,L=p.y-n.y;return P(n.x+v*s-L*h,n.y+v*h+L*s)});return r.k==="arc"&&(y.a0=r.a0+i),r.k,y},d.mirror=function(t){var r=t[0],i=t[1],n,s;if(i.k==="pt")n=function(p){return P(2*i.x-p.x,2*i.y-p.y)};else if(i.k==="line"){var h=i.a*i.a+i.b*i.b;n=function(p){var v=(i.a*p.x+i.b*p.y+i.c)/h;return P(p.x-2*i.a*v,p.y-2*i.b*v)}}else return i.k==="seg"?d.mirror([r,f(P(i.x1,i.y1),P(i.x2,i.y2))]):r;if(s=k(r,n),r.k==="arc")if(i.k==="line"){var y=s._a1;s.a0=y,delete s._a1}else s.a0=r.a0+Q,delete s._a1;return s};function m(t,r){var i=t.x2-t.x1,n=t.y2-t.y1,s=i*i+n*n,h=s?((r.x-t.x1)*i+(r.y-t.y1)*n)/s:0;return h=Math.max(0,Math.min(1,h)),P(t.x1+h*i,t.y1+h*n)}function R(t){return t.k==="line"?t:t.k==="seg"?f(P(t.x1,t.y1),P(t.x2,t.y2)):null}function z(t,r){var i=t.x2-t.x1,n=t.y2-t.y1,s=i*i+n*n,h=((r.x-t.x1)*i+(r.y-t.y1)*n)/(s||1);return h>-1e-9&&h<1+1e-9}function rt(t,r){if(t.k!=="arc")return!0;for(var i=Math.atan2(r.y-t.cy,r.x-t.cx)-t.a0;i<0;)i+=2*Q;for(;i>=2*Q;)i-=2*Q;return i<=t.da+1e-9}function at(t,r){var i=(t.a*r.cx+t.b*r.cy+t.c)/Math.sqrt(t.a*t.a+t.b*t.b),n=Math.sqrt(t.a*t.a+t.b*t.b),s=r.cx-t.a*i/n,h=r.cy-t.b*i/n,y=r.r*r.r-i*i;if(y<-1e-9)return[];var p=Math.sqrt(Math.max(0,y)),v=t.b/n,L=-t.a/n;return p<1e-9?[P(s,h)]:[P(s+p*v,h+p*L),P(s-p*v,h-p*L)]}function O(t,r){var i=Math.sqrt((r.cx-t.cx)*(r.cx-t.cx)+(r.cy-t.cy)*(r.cy-t.cy));if(i<1e-12||i>t.r+r.r+1e-9||i<Math.abs(t.r-r.r)-1e-9)return[];var n=(t.r*t.r-r.r*r.r+i*i)/(2*i),s=t.r*t.r-n*n,h=Math.sqrt(Math.max(0,s)),y=(r.cx-t.cx)/i,p=(r.cy-t.cy)/i,v=t.cx+n*y,L=t.cy+n*p;return h<1e-9?[P(v,L)]:[P(v-h*p,L+h*y),P(v+h*p,L-h*y)]}Z.prototype.intersectAll=function(t,r){var i=[],n,s;if(t.k==="fn"||r.k==="fn")return this.intersectFn(t.k==="seg"?R(t):t,r.k==="seg"?R(r):r).filter(function(v){return!(t.k==="seg"&&!z(t,v))&&!(r.k==="seg"&&!z(r,v))});if(n=R(t),s=R(r),n&&s){var h=n.a*s.b-n.b*s.a;if(Math.abs(h)<1e-12)return[];var y=P((n.b*s.c-s.b*n.c)/h,(s.a*n.c-n.a*s.c)/h);i=[y]}else n&&(r.k==="circ"||r.k==="arc")?i=at(n,{cx:r.cx,cy:r.cy,r:r.r}):s&&(t.k==="circ"||t.k==="arc")?i=at(s,{cx:t.cx,cy:t.cy,r:t.r}):(t.k==="circ"||t.k==="arc")&&(r.k==="circ"||r.k==="arc")&&(i=O({cx:t.cx,cy:t.cy,r:t.r},{cx:r.cx,cy:r.cy,r:r.r}));var p=this;return i.filter(function(v){return!(t.k==="seg"&&!z(t,v)||r.k==="seg"&&!z(r,v)||t.k==="arc"&&!rt(t,v)||r.k==="arc"&&!rt(r,v))})},Z.prototype.intersectFn=function(t,r){var i,n,s=this.view,h=-s.x0/s.sx-1,y=(s.w-s.x0)/s.sx+1,p=null;function v(nt){return nt.k==="fn"?nt.f:nt.k==="line"?Math.abs(nt.b)<1e-12?(p=-nt.c/nt.a,null):function(dt){return-(nt.a*dt+nt.c)/nt.b}:null}if(i=v(t),n=v(r),p!==null){var L=i||n;return L?[P(p,L(p))]:[]}if(!i||!n)return[];var C=[],U=1200,E,W,$,F,it;for($=0;$<=U;$++){if(F=h+(y-h)*$/U,it=i(F)-n(F),$>0&&isFinite(it)&&isFinite(W)&&(W===0||W<0!=it<0)){for(var ut=E,ct=F,Ct=W,_t=0;_t<60;_t++){var ft=(ut+ct)/2,ht=i(ft)-n(ft);ht<0==Ct<0?(ut=ft,Ct=ht):ct=ft}var yt=(ut+ct)/2;isFinite(i(yt))&&C.push(P(yt,i(yt)))}E=F,W=it}return C};function Y(t,r){switch(t.k){case"line":{var i=t.a*t.a+t.b*t.b,n=t.b,s=-t.a,h=Math.sqrt(i),y=-t.c*t.b/i,p=-t.c*t.a/i;return((r.x-p)*n+(r.y-y)*s)/h}case"seg":{var v=t.x2-t.x1,L=t.y2-t.y1,C=v*v+L*L,U=C?((r.x-t.x1)*v+(r.y-t.y1)*L)/C:0;return Math.max(0,Math.min(1,U))}case"circ":return Math.atan2(r.y-t.cy,r.x-t.cx);case"arc":{for(var E=Math.atan2(r.y-t.cy,r.x-t.cx)-t.a0;E<0;)E+=2*Q;for(;E>=2*Q;)E-=2*Q;return E>t.da&&(E=E-t.da<2*Q-E?t.da:0),E/(t.da||1)}case"fn":return r.x;case"vec":{var W=Math.sqrt(t.x*t.x+t.y*t.y),$=((r.x-t.sx)*t.x+(r.y-t.sy)*t.y)/(W*W);return Math.max(0,Math.min(1,$))}case"poly":case"pline":{for(var F=t.pts,it=1e18,ut=0,ct=0,Ct=F.length,_t=t.k==="poly"?Ct:Ct-1,ft=0;ft<_t;ft++){var ht=nr(F[ft].x,F[ft].y,F[(ft+1)%Ct].x,F[(ft+1)%Ct].y),yt=m(ht,r),nt=b(yt,r);if(nt<it){it=nt,ut=ft;var dt=ht.x2-ht.x1,vt=ht.y2-ht.y1,Ht=dt*dt+vt*vt;ct=Ht?((yt.x-ht.x1)*dt+(yt.y-ht.y1)*vt)/Ht:0}}return ut+ct}}return 0}function Et(t,r){switch(t.k){case"line":{var i=t.a*t.a+t.b*t.b,n=Math.sqrt(i),s=-t.c*t.b/i,h=-t.c*t.a/i;return P(h+r*t.b/n,s-r*t.a/n)}case"seg":return P(t.x1+r*(t.x2-t.x1),t.y1+r*(t.y2-t.y1));case"circ":return P(t.cx+t.r*Math.cos(r),t.cy+t.r*Math.sin(r));case"arc":return P(t.cx+t.r*Math.cos(t.a0+r*t.da),t.cy+t.r*Math.sin(t.a0+r*t.da));case"fn":return P(r,t.f(r));case"vec":return P(t.sx+r*t.x,t.sy+r*t.y);case"poly":case"pline":{var y=t.pts.length,p=Math.max(0,Math.min(Math.floor(r),(t.k==="poly"?y:y-1)-1)),v=r-p,L=t.pts[p],C=t.pts[(p+1)%y];return P(L.x+v*(C.x-L.x),L.y+v*(C.y-L.y))}}return P(NaN,NaN)}Z.prototype.pathProject=function(t,r){return Et(t,Y(t,r))},Z.prototype.update=function(t){var r=this;this.els.forEach(function(i){var n=i.key,s;if(i.free)r.vals[n]=i.val,i.type==="function"&&i.fnVal&&(r.vals[n]=i.fnVal);else{try{s=r.evalEl(i,t)}catch(h){s=void 0,i._err||(i._err=!0,r.errors.push(i.label+": "+h.message))}i.val=s,r.vals[n]=s}}),this.els.forEach(function(i){if(i.condAst)try{i.condV=St(r.ev(i.condAst,{}))}catch(n){i.condV=!0}else i.condV=!0})},Z.prototype.evalEl=function(t,r){var i=this,n,s={};if(t.cmd){var h=t.cmd.name.toLowerCase();if(h==="point")return this.evalPointCmd(t,r);if(h==="intersect")return this.evalIntersect(t,r);if(h==="polygon"){var y=t.cmdArgs.map(function(Tt){return i.ev(Tt,{noApply:!0})}),p;if(y.length===3&&Dt(y[2])&&y[0].k==="pt"){for(var v=Math.round(y[2]),L=y[0],C=y[1],U=[P(L.x,L.y),P(C.x,C.y)],E=C.x-L.x,W=C.y-L.y,$=P(C.x,C.y),F=1;F<v-1;F++){var it=F*2*Q/v,ut=Math.cos(it),ct=Math.sin(it);$=P($.x+E*ut-W*ct,$.y+E*ct+W*ut),U.push($)}if(p={k:"poly",pts:U},t.cmdIdx===0)return p;if(t.cmdIdx>v)return U[t.cmdIdx-v-1+2]}else p=d.polygon(y);if(t.cmdIdx===0)return p;var Ct=p.pts.length,_t=t.cmdIdx-1,ft=p.pts[_t],ht=p.pts[(_t+1)%Ct];return nr(ft.x,ft.y,ht.x,ht.y)}if(h==="if"){var yt=St(this.ev(t.cmdArgs[0],{}));return yt?this.ev(t.cmdArgs[1],{}):t.cmdArgs[2]?this.ev(t.cmdArgs[2],{}):void 0}if(h==="parsetofunction"){var nt=this.ev(t.cmdArgs[0],{});return t._ptxt!==nt&&(t._ptxt=nt,t._pfn=this.makeFnFromText(String(nt))),t._pfn}if(h==="function"){var dt=this.ev(t.cmdArgs[0],{noApply:!0});return d.function.call(this,[dt,this.ev(t.cmdArgs[1],{}),this.ev(t.cmdArgs[2],{})])}var vt=t.cmdArgs.map(function(Tt){return i.ev(Tt,{noApply:!0})}),Ht=d[h];if(!Ht)throw new Error("command not implemented: "+t.cmd.name);if(n=Ht.call(this,vt,{},null),h==="rotate"&&t.type==="vector"&&n&&n.k==="vec"&&t.startPoint&&t.startPoint.exp){var Vt=this.getVal(t.startPoint.exp,{});Vt&&Vt.k==="pt"&&(n={k:"vec",x:n.x,y:n.y,sx:Vt.x,sy:Vt.y})}return n}if(t.isFn){var Jt=t.ast,wt=this;return{k:"fn",f:function(Tt){try{var Rt=wt.ev(Jt,{x:Tt});return Rt&&Rt.k==="fn"?Rt.f(Tt):D(Rt)}catch(Lt){return NaN}}}}if(t.ast){if(n=this.ev(t.ast,{}),t.type==="text"&&typeof n!="string"&&(n=this.str(n)),t.type==="vector"&&n&&n.k==="pt"&&(n={k:"vec",x:n.x,y:n.y,sx:0,sy:0}),t.type==="vector"&&n&&n.k==="vec"&&t.startPoint&&t.startPoint.exp){var rr=this.getVal(t.startPoint.exp,{});rr&&rr.k==="pt"&&(n={k:"vec",x:n.x,y:n.y,sx:rr.x,sy:rr.y})}if(t.type==="point"&&n&&n.k==="vec"&&(n=P(n.x,n.y)),t.type==="function"&&typeof n=="number"){var cr=n;n={k:"fn",f:function(){return cr}}}return n}},Z.prototype.evalPointCmd=function(t,r){var i=this,n=t.cmdArgs.map(function(L){return i.ev(L,{noApply:!0})}),s=n[0];if(n.length===2&&s&&s.k==="pt"&&n[1]&&n[1].k==="vec")return P(s.x+n[1].x,s.y+n[1].y);if(n.length>=1&&s&&s.k==="pt"&&n.length===1)return P(s.x,s.y);if(!s||!s.k)return P(NaN,NaN);var h=t.coords||{},y=parseFloat(h.z)||1;if(t._param==null||r){var p=t._dragP||P(parseFloat(h.x)/y,parseFloat(h.y)/y);t._param=Y(s,p),t._dragP=null}t._dragP&&(t._param=Y(s,t._dragP),t._dragP=null);var v=Et(s,t._param);return v},Z.prototype.testExpr=function(t){this._te=this._te||{};var r=this._te[t]||(this._te[t]=this.parseExpr(t));try{return St(this.ev(r,{}))}catch(i){return!1}},Z.prototype.evalIntersect=function(t,r){var i=this,n=t.cmdArgs.map(function(Lt){return i.ev(Lt,{noApply:!0})}),s=n[0],h=n[1],y=null,p=null;n.length>2&&(n[2]&&n[2].k==="pt"?p=n[2]:y=D(n[2]));var v=this.intersectAll(s,h),L=t._pp;if(!L||!isFinite(L.x)){var C=t.coords||{},U=parseFloat(C.z)||1;L=P(parseFloat(C.x)/U,parseFloat(C.y)/U),p&&(L=p)}if(!v.length)return P(NaN,NaN);var E=t.cmd.out,W=t.cmdIdx,$=null,F;if(v.length===2&&E.length===2&&t.cmdArgs.length===2){var it=s.k==="line"&&h.k==="circ"?s:h.k==="line"&&s.k==="circ"?h:null;if(it){var ut=it.b,ct=-it.a,Ct=[v[0],v[1]].sort(function(Lt,gt){return gt.x*ut+gt.y*ct-(Lt.x*ut+Lt.y*ct)});return t._pp=Ct[W],Ct[W]}}if(v.length===2&&E.length===1&&(y===1||y===2)){var _t=null;if(t.cmdArgs.forEach(function(Lt){var gt=Lt&&Lt.k==="id"&&i.byLabel[At(Lt.n)];gt&&gt.type==="segment"&&gt.cmd&&gt.cmd.name==="Segment"&&gt.cmdArgs&&gt.cmdArgs.length===2&&(_t=gt)}),_t){var ft=i.ev(_t.cmdArgs[0],{noApply:!0}),ht=i.ev(_t.cmdArgs[1],{noApply:!0});if(ft&&ht&&ft.k==="pt"&&ht.k==="pt"&&isFinite(ft.x)&&isFinite(ht.x)){var yt=ht.x-ft.x,nt=ht.y-ft.y,dt=[v[0],v[1]].sort(function(Lt,gt){return Lt.x*yt+Lt.y*nt-(gt.x*yt+gt.y*nt)});return t._pp=dt[y-1],dt[y-1]}}}if(i.lineOrder&&v.length===2&&E.length===1&&(y===1||y===2)){var vt=s.k==="line"&&h.k==="circ"?s:h.k==="line"&&s.k==="circ"?h:null;if(vt){var Ht=vt.b,Vt=-vt.a,Jt=[v[0],v[1]].sort(function(Lt,gt){return gt.x*Ht+gt.y*Vt-(Lt.x*Ht+Lt.y*Vt)});return t._pp=Jt[y-1],Jt[y-1]}}if(E.length>1&&v.length===E.length&&v.length===2){var wt=E.map(function(Lt){var gt=i.byLabel[At(Lt)];if(!gt)return null;var Qt=gt.coords||{},ar=parseFloat(Qt.z)||1;return gt._pp&&isFinite(gt._pp.x)?gt._pp:P(parseFloat(Qt.x)/ar,parseFloat(Qt.y)/ar)});if(wt[0]&&wt[1]&&isFinite(wt[0].x)&&isFinite(wt[1].x)){var rr=b(v[0],wt[0])+b(v[1],wt[1]),cr=b(v[1],wt[0])+b(v[0],wt[1]);$=rr<=cr?v[W]:v[1-W]}}if(!$)if(L&&isFinite(L.x)){var Tt=1e300;for(F=0;F<v.length;F++){var Rt=b(v[F],L);Rt<Tt&&(Tt=Rt,$=v[F])}}else $=v[Math.min(v.length-1,(y||W+1)-1)];return t._pp=$,$},Z.prototype.parseScript=function(t){var r=this.opts&&this.opts.lenScale;r&&r>1&&(t=String(t).replace(/(Length\(\s*[A-Za-z_]\w*\s*\)\s*<)(\s*)(\d+)/gi,function(h,y,p,v){return y+p+Math.round(parseInt(v,10)*r)}));var i=this,n=t.split(/\n/),s=[];return n.forEach(function(h){h=h.trim(),h&&s.push(i.parseStmt(h))}),s},Z.prototype.parseStmt=function(t){var r=/^([^\s=()\[\],"]+)\s*(\(\s*x\s*\))?\s*=\s*([\s\S]+)$/.exec(t);return r&&!/^[A-Za-z]+\s*\(/.test(t.split("=")[0])||r&&r[2]?{k:"assign",name:At(r[1]),fn:!!r[2],ast:this.parseExpr(r[3])}:{k:"expr",ast:this.parseExpr(t)}},Z.prototype.runScript=function(t){var r=this;t&&(t.forEach(function(i){r.execStmt(i)}),this.update(!1))},Z.prototype.setValueOf=function(t,r){var i=this.byLabel[At(t)];if(i){if(!i.free&&i.type==="point"&&i.cmd&&/^point$/i.test(i.cmd.name)&&r&&r.k==="pt"){i._dragP={k:"pt",x:r.x,y:r.y},this.update(!1);return}if(i.free){var n=i.val;i.type==="numeric"?(i.val=D(r),i.sl&&(i.val=Math.max(i.sl.min,Math.min(i.sl.max,i.val)))):i.type==="boolean"?i.val=St(r):i.type==="text"?i.val=this.str(r):i.val=r,this.vals[i.key]=i.val;var s=n===i.val||n&&i.val&&typeof n=="object"&&typeof i.val=="object"&&n.x===i.val.x&&n.y===i.val.y}}},Z.prototype.execStmt=function(t){if(t.k==="assign"){var r=this.byLabel[t.name];if(!r)return;if(t.fn){if(this.usesX(t.ast)){r.cmd=null,r.isFn=!0,r.ast=t.ast,r.free=!1,r.dep=!0;var i={};this.deps(t.ast,i),r.deps=i}else{var n=this.ev(t.ast,{noApply:!0});r.cmd=null,r.isFn=!1,r.ast=null,r.free=!0,r.fnVal=n,r.val=n,this.vals[r.key]=n}this.update(!1);return}var s=this.ev(t.ast,{});this.setValueOf(t.name,s);return}this.execCall(t.ast)},Z.prototype.usesX=function(t){if(!t||typeof t!="object")return!1;if(t.k==="id"&&t.n==="x")return!0;var r=!1,i=this;return["a","b","r"].forEach(function(n){t[n]&&i.usesX(t[n])&&(r=!0)}),t.args&&t.args.forEach(function(n){i.usesX(n)&&(r=!0)}),t.items&&t.items.forEach(function(n){i.usesX(n)&&(r=!0)}),r},Z.prototype.execCall=function(t){var r=this;if(t.k==="call"){var i=t.n.toLowerCase(),n=t.args;if(i==="setvalue"){var s=n[0].k==="id"?n[0].n:null;if(!s)return;var h=this.ev(n[1],{});this.setValueOf(s,h),this.update(!1);return}if(i==="if"){var y=St(this.ev(n[0],{})),p=y?n[1]:n[2];p&&this.execCall(p);return}if(i==="setvisibleinview"){var v=this.byLabel[At(n[0].n)];v&&this.ev(n[1],{})===1&&(v.uvis=St(this.ev(n[2],{})));return}if(i==="setcolor"){var L=this.byLabel[At(n[0].n)];if(L){var C=this.ev(n[1],{});typeof C=="string"&&(L.userColor=C)}return}if(i==="startanimation"){if(n.length===2&&n[0].k==="id"){var U=this.byLabel[At(n[0].n)],E=St(this.ev(n[1],{}));if(U)if(U.anim||(U.anim={on:E,speed:1,type:0,dir:1}),U.anim.on=E,E)this.running=!0;else{var W=this;this.running=this.els.some(function($){return $.anim&&$.anim.on})}return}if(n.length===1){this.running=St(this.ev(n[0],{}));return}this.running=!0;return}}},Z.prototype.visible=function(t){if(t.is3d)return!1;if(t.condAst){if(!t.condV)return!1}else if(!t.showObj)return!1;return!(t.ev&1&&t.uvis!==!0||t.uvis===!1)},Z.prototype.userSet=function(t,r){t.sl&&t.type==="numeric"?this.setSlider(t,r):this.setValueOf(t.label,r),this.update(!1),this.fireUpdate(t)},Z.prototype.fireUpdate=function(t){if(!(!t.onUpd||t._firing)){t._firing=!0;try{var r=this;t.onUpd.forEach(function(i){r.execStmt(i)}),this.update(!1)}catch(i){this.errors.push("onUpdate "+t.label+": "+i.message)}t._firing=!1}},Z.prototype.animate=function(t){var r=!1,i=this;return this.els.forEach(function(n){var s=n.anim;if(!(!s||!s.on||!n.sl||!n.free||n._dragging)){var h=s.speed;if(s.speedExpr&&i.byLabel[s.speedExpr]){var y=D(i.byLabel[s.speedExpr].val);isFinite(y)&&(h=y)}var p=n.sl,v=p.max-p.min,L=v/10*h*t*s.dir,C=s.step>0?s.step:0;C&&(s.acc==null||Math.abs(s.acc-n.val)>C*1.01)&&(s.acc=n.val);var U=(C?s.acc:n.val)+(s.type===2?-Math.abs(L):s.type===1||s.type===3?Math.abs(L):L);if(s.type===0?U>p.max?(U=p.max-(U-p.max),s.dir=-1):U<p.min&&(U=p.min+(p.min-U),s.dir=1):s.type===1?U>p.max&&(U=p.min+(U-p.max)):s.type===2?U<p.min&&(U=p.max-(p.min-U)):s.type===3&&U>=p.max&&(U=p.max,s.on=!1),U=Math.max(p.min,Math.min(p.max,U)),C){s.acc=U;var E=Math.round((U-p.min)/C)*C+p.min;E=parseFloat(E.toFixed(10)),E=Math.max(p.min,Math.min(p.max,E));var W=Math.round(Math.abs(E-n.val)/C);if(W>1&&W<100&&n.onUpd&&!(s.type===1&&Math.abs(E-n.val)>v/2))for(var $=E>n.val?1:-1,F=n.val,it=1;it<W&&(F=parseFloat((F+$*C).toFixed(10)),n.val=F,i.vals[n.key]=F,i.update(!1),i.fireUpdate(n),!!s.on);it++);U=E}U!==n.val&&(n.val=U,i.vals[n.key]=U,r=!0,i._animFire=n)}}),r&&(this.update(!1),this.els.forEach(function(n){n.anim&&n.anim.on&&n.onUpd&&i.fireUpdate(n)})),r},Z.prototype.setSlider=function(t,r){var i=t.sl;if(i){var n=t.animation&&parseFloat(t.animation.step)||0;n>0&&(r=Math.round((r-i.min)/n)*n+i.min),r=Math.max(i.min,Math.min(i.max,r)),t.val=r,this.vals[t.key]=r,this.update(!1)}},Z.prototype.verify=function(){var t=[],r=this;function i(n,s,h){return Math.abs(n-s)<=h*(1+Math.abs(s))}return this.els.forEach(function(n){var s=n.val,h=n.coords,y=n.value;try{if(n.type==="point"&&h){var p=parseFloat(h.z)||1,v=parseFloat(h.x)/p,L=parseFloat(h.y)/p;!s||!isFinite(s.x)?isFinite(v)&&t.push([n.label,"undef",v,L]):(!i(s.x,v,1e-5)||!i(s.y,L,1e-5))&&t.push([n.label,"pt",s.x,s.y,v,L])}else if(n.type==="numeric"&&y)i(D(s),parseFloat(y.val),1e-6)||t.push([n.label,"num",s,y.val]);else if(n.type==="boolean"&&y)!!s!=(y.val==="true")&&t.push([n.label,"bool",s,y.val]);else if(n.type==="vector"&&h)(!s||!i(s.x,parseFloat(h.x),1e-5)||!i(s.y,parseFloat(h.y),1e-5))&&t.push([n.label,"vec",s&&s.x,s&&s.y,h.x,h.y]);else if((n.type==="line"||n.type==="segment")&&h){var C=parseFloat(h.x),U=parseFloat(h.y),E=parseFloat(h.z),W=s&&(s.k==="line"?s:s.k==="seg"?f(P(s.x1,s.y1),P(s.x2,s.y2)):null);if(!W){t.push([n.label,"line-undef"]);return}var $=Math.sqrt(C*C+U*U),F=Math.sqrt(W.a*W.a+W.b*W.b),it=C*W.a+U*W.b<0?-1:1;$>1e-9&&(!i(C/$,it*W.a/F,1e-5)||!i(U/$,it*W.b/F,1e-5)||!i(E/$,it*W.c/F,1e-4))&&t.push([n.label,n.type,[C/$,U/$,E/$],[it*W.a/F,it*W.b/F,it*W.c/F]])}else if(n.type==="conic"&&n.matrix){var ut=n.matrix,ct=parseFloat(ut.A0),Ct=parseFloat(ut.A1),_t=parseFloat(ut.A2),ft=parseFloat(ut.A4),ht=parseFloat(ut.A5);if(!s||s.k!=="circ"){t.push([n.label,"conic-undef"]);return}var yt=-ft/ct,nt=-ht/ct,dt=yt*yt+nt*nt-_t/ct;(!i(s.cx,yt,1e-5)||!i(s.cy,nt,1e-5)||!i(s.r*s.r,dt,1e-4))&&t.push([n.label,"circle",s.cx,s.cy,s.r,yt,nt,Math.sqrt(dt)])}else n.type==="text"&&n.expr}catch(vt){t.push([n.label,"verr",vt.message])}}),t},fr.GGB={Engine:Z,Parser:tt,fmt:Bt,tokenize:x,CMD:d,projectParam:Y,paramPoint:Et},typeof module!="undefined"&&module.exports&&(module.exports=fr.GGB)})(typeof window!="undefined"?window:typeof globalThis!="undefined"?globalThis:this),(function(fr){"use strict";var Q=fr.GGB=fr.GGB||{},At="'Latin Modern Math','STIX Two Math','Cambria Math','Times New Roman',Times,serif",Dt="Arial,Helvetica,sans-serif",lr=null,P={},Ot=!1,nr=!1;function Bt(b,f,w,G,I){var j=b+"|"+f+"|"+(w?1:0)+(I?1:0)+G;if(P[j]!=null)return P[j];var k;try{!lr&&typeof document!="undefined"&&(lr=document.createElement("canvas").getContext("2d")),lr&&(lr.font=(w?"italic ":"")+(I?"bold ":"")+f+"px "+(G==="sans"?Dt:At),k=lr.measureText(b).width)}catch(z){k=null}if(!k&&k!==0||!isFinite(k)){k=0;for(var m=0;m<b.length;m++){var R=b.charAt(m);k+=/[iljtfI.,:;'| ]/.test(R)?.3:/[mwMW]/.test(R)?.85:/[A-Z]/.test(R)?.68:.52}k*=f}return P[j]=k,k}Q.textWidth=function(b,f,w,G){return Bt(b,f,!1,G===!1?"serif":"sans",w)};function tr(b){return String(b).replace(/&/g,"&amp;").replace(/</g,"&lt;").replace(/>/g,"&gt;")}var Zt={alpha:"\u03B1",beta:"\u03B2",gamma:"\u03B3",delta:"\u03B4",epsilon:"\u03B5",varepsilon:"\u03B5",zeta:"\u03B6",eta:"\u03B7",theta:"\u03B8",vartheta:"\u03D1",iota:"\u03B9",kappa:"\u03BA",lambda:"\u03BB",mu:"\u03BC",nu:"\u03BD",xi:"\u03BE",pi:"\u03C0",rho:"\u03C1",sigma:"\u03C3",tau:"\u03C4",upsilon:"\u03C5",phi:"\u03C6",varphi:"\u03C6",chi:"\u03C7",psi:"\u03C8",omega:"\u03C9",Gamma:"\u0393",Delta:"\u0394",Theta:"\u0398",Lambda:"\u039B",Xi:"\u039E",Pi:"\u03A0",Sigma:"\u03A3",Phi:"\u03A6",Psi:"\u03A8",Omega:"\u03A9"},mr={cdot:"\xB7",times:"\xD7",approx:"\u2248",pm:"\xB1",mp:"\u2213",neq:"\u2260",leq:"\u2264",geq:"\u2265",infty:"\u221E",partial:"\u2202",rightarrow:"\u2192",leftarrow:"\u2190",Rightarrow:"\u21D2",sum:"\u2211",int:"\u222B",oint:"\u222E",ldots:"\u2026",cdots:"\u22EF",degree:"\xB0",circ:"\u2218",propto:"\u221D",nabla:"\u2207",equiv:"\u2261",cos:"cos",sin:"sin",tan:"tan",log:"log",ln:"ln",exp:"exp",lim:"lim",max:"max",min:"min",sqrt:"\u221A",prime:"\u2032"},H={sin:1,cos:1,tan:1,log:1,ln:1,exp:1,lim:1,max:1,min:1},lt={sum:1,int:1,oint:1};function x(b){var f=0,w=b.length;function G(){for(;f<w&&/\s/.test(b.charAt(f));)f++}function I(){for(var z=[];f<w&&(G(),!(f>=w));){if(b.charAt(f)==="}"){f++;break}z.push(m())}return{t:"row",c:z}}function j(){return G(),f>=w?{t:"row",c:[]}:b.charAt(f)==="{"?(f++,I()):m(!0)}function k(){var z=b.charAt(f);if(z==="{")return f++,I();if(z==="\\"){if(f++,f<w&&!/[A-Za-z]/.test(b.charAt(f))){var rt=b.charAt(f++);return rt==="\\"?{t:"br"}:rt===";"||rt===":"||rt===">"?{t:"sp",w:.28}:rt===","?{t:"sp",w:.17}:rt==="!"?{t:"sp",w:-.1}:rt===" "?{t:"sp",w:.3}:rt==="{"||rt==="}"||rt==="_"||rt==="%"||rt==="&"||rt==="#"||rt==="$"?{t:"sym",s:rt,up:!0}:{t:"sym",s:rt}}for(var at=f;at<w&&/[A-Za-z]/.test(b.charAt(at));)at++;var O=b.slice(f,at);if(f=at,O==="frac"||O==="dfrac"||O==="tfrac"){var Y=j(),Et=j();return{t:"frac",n:Y,d:Et}}if(O==="sqrt"){var t=j();return{t:"sqrt",c:t}}if(O==="vec"||O==="overrightarrow")return{t:"acc",k:"vec",c:j()};if(O==="hat")return{t:"acc",k:"hat",c:j()};if(O==="bar"||O==="overline")return{t:"acc",k:"bar",c:j()};if(O==="dot")return{t:"acc",k:"dot",c:j()};if(O==="text"||O==="mathrm"||O==="textrm"||O==="mbox"){var r=j();return{t:"upr",c:r}}if(O==="mathbf"||O==="boldsymbol"||O==="textbf"){var i=j();return{t:"bold",c:i}}if(O==="left"||O==="right"){G();var n=b.charAt(f++);return n==="\\"&&(n=b.charAt(f++)),{t:"delim",s:n==="."?"":n,side:O}}return O==="quad"?{t:"sp",w:1}:O==="qquad"?{t:"sp",w:2}:O==="big"||O==="Big"||O==="bigg"||O==="limits"||O==="displaystyle"||O==="textstyle"?{t:"sp",w:0}:Zt[O]?{t:"sym",s:Zt[O],it:!!/^[a-z]/.test(O)}:lt[O]?{t:"big",s:mr[O]}:mr[O]?{t:"sym",s:mr[O],fn:!!H[O],up:!0}:{t:"sym",s:O,up:!0}}return f++,{t:"ch",s:z}}function m(z){G();var rt=k(),at=null,O=null;if(z)return rt;for(;;){G();var Y=b.charAt(f);if(Y==="_")f++,at=j();else if(Y==="^")f++,O=j();else break}return at||O?{t:"ss",b:rt,sub:at,sup:O}:rt}for(var R={t:"row",c:[]};f<w&&(G(),!(f>=w));){if(b.charAt(f)==="}"){f++;continue}R.c.push(m())}return R}function mt(){return{w:0,a:0,d:0,it:[],ln:[],pa:[]}}function Ft(b,f,w,G){var I;for(I=0;I<f.it.length;I++){var j=f.it[I];b.it.push({x:j.x+w,y:j.y+G,s:j.s,fs:j.fs,st:j.st})}for(I=0;I<f.ln.length;I++){var k=f.ln[I];b.ln.push({x1:k.x1+w,y1:k.y1+G,x2:k.x2+w,y2:k.y2+G,w:k.w})}for(I=0;I<f.pa.length;I++){var m=f.pa[I];b.pa.push({d:m.d,dx:(m.dx||0)+w,dy:(m.dy||0)+G,fill:m.fill})}}function tt(b,f,w){var G=mt(),I=w==="i"&&!Ot,j=w==="b"||nr;return Ot&&(w=j?"b":""),G.w=Bt(b,f,I,Ot?"sans":"serif",j),G.a=f*.72,G.d=f*.22,G.it.push({x:0,y:0,s:b,fs:f,st:I?"i":j?"b":""}),G}function Z(b,f){var w=mt(),G=0;return b.forEach(function(I){Ft(w,I,G,0),G+=I.w+(f||0),w.a=Math.max(w.a,I.a),w.d=Math.max(w.d,I.d)}),w.w=G,w}function D(b,f,w,G){var I=w;switch(b.t){case"row":{for(var j=[],k=null,m=0;m<b.c.length;m++){var R=b.c[m];if(R.t==="delim"){var z=1,rt=m+1;if(R.side==="left"){for(var at=[],O=null;rt<b.c.length;rt++){var Y=b.c[rt];if(Y.t==="delim"&&Y.side==="left"&&z++,Y.t==="delim"&&Y.side==="right"&&(z--,z===0)){O=Y;break}at.push(Y)}var Et=D({t:"row",c:at},f,w);j.push(St(R.s,O?O.s:"",Et,f)),m=rt;continue}}j.push(D(R,f,w))}return Z(j,0)}case"ch":{var t=b.s;if(/[A-Za-z]/.test(t))return tt(t,f,w==="u"?"":w==="b"?"b":"i");if(/[0-9.,]/.test(t))return tt(t,f,w==="b"?"b":"");if(t==="="||t==="+"||t==="<"||t===">"){var r=tt(t,f,""),i=r.w,n=mt();return Ft(n,r,f*.22,0),n.w=i+f*.44,n.a=r.a,n.d=r.d,n}if(t==="-"){var s=tt("\u2212",f,""),h=mt();return Ft(h,s,f*.2,0),h.w=s.w+f*.4,h.a=s.a,h.d=s.d,h}return tt(t,f,"")}case"sym":{if(b.fn){var y=tt(b.s,f,""),p=mt();return Ft(p,y,0,0),p.w=y.w+f*.15,p.a=y.a,p.d=y.d,p}var v=/[\u00b7\u00d7\u2248\u00b1\u2260\u2264\u2265\u2192\u2190\u21d2]/.test(b.s),L=tt(b.s,f,b.it&&w!=="u"?"i":"");if(v){var C=mt();return Ft(C,L,f*.2,0),C.w=L.w+f*.4,C.a=L.a,C.d=L.d,C}return L}case"sp":{var U=mt();return U.w=b.w*f,U}case"br":return mt();case"upr":return D(b.c,f,"u");case"bold":return D(b.c,f,"b");case"big":{var E=tt(b.s,f*1.5,"");return E.a=f*.95,E.d=f*.45,E}case"frac":{var W=f*.78,$=D(b.n,W,w),F=D(b.d,W,w),it=Math.max($.w,F.w)+f*.2,ut=f*.28,ct=mt(),Ct=f*.12;return Ft(ct,$,(it-$.w)/2,-(ut+Ct+$.d)),Ft(ct,F,(it-F.w)/2,-(ut-Ct-F.a)),ct.ln.push({x1:f*.05,y1:-ut,x2:it-f*.05,y2:-ut,w:Math.max(.7,f*.055)}),ct.w=it,ct.a=ut+Ct+$.d+$.a,ct.d=Math.max(F.a+F.d+Ct-ut,0),ct}case"sqrt":{var _t=D(b.c,f,w),ft=mt(),ht=_t.a+f*.12,yt=f*.7;return ft.ln.push({x1:f*.05,y1:-ht*.45,x2:f*.22,y2:-ht*.4,w:f*.05}),ft.ln.push({x1:f*.22,y1:-ht*.4,x2:f*.4,y2:_t.d+f*.05,w:f*.09}),ft.ln.push({x1:f*.4,y1:_t.d+f*.05,x2:yt-f*.05,y2:-ht,w:f*.05}),ft.ln.push({x1:yt-f*.05,y1:-ht,x2:yt+_t.w+f*.05,y2:-ht,w:f*.055}),Ft(ft,_t,yt,0),ft.w=yt+_t.w+f*.08,ft.a=ht+f*.08,ft.d=_t.d+f*.05,ft}case"acc":{var nt=D(b.c,f,w),dt=mt();Ft(dt,nt,0,0);var vt=-(nt.a+f*.1),Ht=nt.w*.12,Vt=nt.w*.95;return b.k==="vec"?(dt.ln.push({x1:Ht,y1:vt,x2:Vt,y2:vt,w:Math.max(.8,f*.06)}),dt.ln.push({x1:Vt-f*.16,y1:vt-f*.09,x2:Vt,y2:vt,w:Math.max(.8,f*.06)}),dt.ln.push({x1:Vt-f*.16,y1:vt+f*.09,x2:Vt,y2:vt,w:Math.max(.8,f*.06)})):b.k==="bar"?dt.ln.push({x1:Ht,y1:vt,x2:Vt,y2:vt,w:Math.max(.8,f*.06)}):b.k==="hat"?(dt.ln.push({x1:nt.w/2-f*.15,y1:vt+f*.1,x2:nt.w/2,y2:vt-f*.04,w:Math.max(.8,f*.06)}),dt.ln.push({x1:nt.w/2+f*.15,y1:vt+f*.1,x2:nt.w/2,y2:vt-f*.04,w:Math.max(.8,f*.06)})):dt.it.push({x:nt.w/2-f*.08,y:vt+f*.1,s:"\u02D9",fs:f,st:""}),dt.w=nt.w,dt.a=nt.a+f*.25,dt.d=nt.d,dt}case"ss":{var Jt=D(b.b,f,w),wt=mt(),rr=f*.7,cr=Jt.w;Ft(wt,Jt,0,0);var Tt=b.sub?D(b.sub,rr,w):null,Rt=b.sup?D(b.sup,rr,w):null,Lt=b.b.t==="big",gt=Lt?f*.5:Jt.a,Qt=Lt?f*.45:Jt.d,ar=0;return Tt&&(Ft(wt,Tt,cr,Math.max(f*.25,Qt-Tt.a*.5+(Lt?f*.1:0))),ar=Math.max(ar,Tt.w),wt.d=Math.max(wt.d,Math.max(f*.25,Qt-Tt.a*.5)+Tt.d)),Rt&&(Ft(wt,Rt,cr,-Math.max(f*.38,gt-Rt.d-f*.15)),ar=Math.max(ar,Rt.w),wt.a=Math.max(wt.a,Math.max(f*.38,gt-Rt.d-f*.15)+Rt.a)),wt.w=cr+ar+f*.04,wt.a=Math.max(wt.a,Jt.a),wt.d=Math.max(wt.d,Jt.d),wt}}return mt()}function St(b,f,w,G){var I=mt(),j=w.a+w.d+G*.1,k=(w.d-w.a)/2,m=G*.12,R=0,z=Math.max(.8,G*.06);function rt(at,O,Y){var Et=-w.a-G*.05,t=w.d+G*.05,r=G*.3;if(!at)return 0;if(at==="["||at==="]"){var i=Y?O+r*.8:O+r*.2,n=Y?O+r*.3:O+r*.7;return I.ln.push({x1:i,y1:Et,x2:n,y2:Et,w:z}),I.ln.push({x1:n,y1:Et,x2:n,y2:t,w:z}),I.ln.push({x1:n,y1:t,x2:i,y2:t,w:z}),r+m}if(at==="("||at===")"){var s=Y?O+r*.75:O+r*.25,h=Y?O+r*.2:O+r*.8;return I.pa.push({d:"M"+s+" "+Et+" Q"+h+" "+(Et+t)/2+" "+s+" "+t,dx:0,dy:0,fill:!1,w:z}),r+m}if(at==="|")return I.ln.push({x1:O+r*.5,y1:Et,x2:O+r*.5,y2:t,w:z}),r+m;var y=tt(at,G,"");return Ft(I,y,O,0),y.w+m}return R+=rt(b,0,!0),Ft(I,w,R,0),R+=w.w+m*.5,R+=rt(f,R,!1),I.w=R,I.a=w.a+G*.08,I.d=w.d+G*.08,I}function st(b,f,w){var G=x(b),I=[[]];G.c.forEach(function(R){R.t==="br"?I.push([]):I[I.length-1].push(R)});var j=mt(),k=0,m=0;return I.forEach(function(R,z){var rt=D({t:"row",c:R},f,w);z>0&&(k+=(I[z-1].length,0));var at=f*1.35;z===0?(Ft(j,rt,0,0),j.a=rt.a,k=0,j.d=rt.d):(k+=Math.max(at,j.d+rt.a+f*.1),Ft(j,rt,0,k),j.d=k+rt.d),m=Math.max(m,rt.w)}),j.w=m,j}function d(b,f,w){var G="",I;for(I=0;I<b.it.length;I++){var j=b.it[I];G+='<text x="'+j.x.toFixed(2)+'" y="'+j.y.toFixed(2)+'" font-size="'+j.fs.toFixed(2)+'"'+(j.st==="i"?' font-style="italic"':"")+(j.st==="b"?' font-weight="bold"':"")+' xml:space="preserve">'+tr(j.s)+"</text>"}for(I=0;I<b.ln.length;I++){var k=b.ln[I];G+='<line x1="'+k.x1.toFixed(2)+'" y1="'+k.y1.toFixed(2)+'" x2="'+k.x2.toFixed(2)+'" y2="'+k.y2.toFixed(2)+'" stroke="'+f+'" stroke-width="'+k.w.toFixed(2)+'"/>'}for(I=0;I<b.pa.length;I++){var m=b.pa[I];G+='<path d="'+m.d+'" fill="none" stroke="'+f+'" stroke-width="'+(m.w||1)+'"/>'}return G}var ot={};Q.rich=function(b,f,w){w=w||{};var G=(w.latex?"L":"T")+(w.bold?"b":"")+(w.italic?"i":"")+(w.sans?"s":"")+"|"+f+"|"+(w.color||"")+"|"+b;if(ot[G])return ot[G];var I;if(w.latex){Ot=!!w.sans,nr=!!w.bold;var j=st(b,f,"i");Ot=!1,nr=!1,I={svg:'<g font-family="'+(w.sans?Dt:At)+'" fill="'+(w.color||"#000")+'">'+d(j,w.color||"#000")+"</g>",w:j.w,a:j.a,d:j.d}}else{var k=String(b).split("\n"),m=f*1.25,R="",z=0,rt=w.sans===!1?At:Dt;k.forEach(function(at,O){var Y=0,Et=O*m,t=0,r="",i="";function n(){r&&(i+="<tspan>"+tr(r)+"</tspan>",Y+=Bt(r,f,w.italic,w.sans===!1?"serif":"sans",w.bold),r="")}for(var s=[],h=[];t<at.length;){var y=at.charAt(t);if((y==="_"||y==="^")&&t+1<at.length&&!/\s/.test(at.charAt(t+1))){var p="";if(at.charAt(t+1)==="{"){var v=at.indexOf("}",t+2);v<0&&(v=at.length),p=at.slice(t+2,v),t=v+1}else{var L=/^[A-Za-z0-9\u0370-\u03ff']+/.exec(at.slice(t+1));p=L?L[0]:at.charAt(t+1),t+=1+p.length}r&&(h.push({s:r,k:0}),r=""),h.push({s:p,k:y==="_"?1:2})}else r+=y,t++}r&&h.push({s:r,k:0}),h.forEach(function(C){var U=C.k?f*.7:f,E=C.k===1?f*.22:C.k===2?-f*.4:0;R+='<text x="'+Y.toFixed(2)+'" y="'+(Et+E).toFixed(2)+'" font-size="'+U.toFixed(2)+'" xml:space="preserve">'+tr(C.s)+"</text>",Y+=Bt(C.s,U,w.italic,w.sans===!1?"serif":"sans",w.bold)}),z=Math.max(z,Y)}),I={svg:'<g font-family="'+rt+'" fill="'+(w.color||"#000")+'"'+(w.bold?' font-weight="bold"':"")+(w.italic?' font-style="italic"':"")+">"+R+"</g>",w:z,a:f*.75,d:(k.length-1)*m+f*.25}}return ot[G]=I,I}})(typeof window!="undefined"?window:typeof globalThis!="undefined"?globalThis:this),(function(fr){"use strict";var Q=fr.GGB,At="http://www.w3.org/2000/svg",Dt=Math.PI,lr="Arial,Helvetica,sans-serif",P="#6557d2",Ot=13,nr=14.5,Bt="http://www.w3.org/2000/svg",tr="http://www.w3.org/1999/xlink";function Zt(st,d){for(;st.firstChild;)st.removeChild(st.firstChild);if(d){for(var ot=new DOMParser().parseFromString('<svg xmlns="'+Bt+'" xmlns:xlink="'+tr+'">'+d+"</svg>","image/svg+xml"),b=Array.prototype.slice.call(ot.documentElement.childNodes),f=0;f<b.length;f++)st.appendChild(document.importNode(b[f],!0));mr(st)}}function mr(st){try{var d=st.getElementsByTagName("text"),ot=st.getElementsByTagName("tspan"),b,f,w,G;for(w=0;w<2;w++)for(b=w?ot:d,f=0;f<b.length;f++)G=b[f].getAttribute("font-size"),G&&!b[f]._pf&&(b[f].style.setProperty("font-size",parseFloat(G)+"px","important"),b[f]._pf=1)}catch(I){}}function H(st,d,ot){var b=document.createElementNS(At,st);if(d)for(var f in d)d.hasOwnProperty(f)&&b.setAttribute(f,d[f]);return st==="text"&&d&&d["font-size"]!=null&&b.style.setProperty("font-size",parseFloat(d["font-size"])+"px","important"),ot&&ot.appendChild(b),b}function lt(st,d){for(var ot in d)d.hasOwnProperty(ot)&&st.setAttribute(ot,d[ot])}function x(st){return Math.round(st*100)/100}function mt(st,d){return st?"rgb("+(st.r|0)+","+(st.g|0)+","+(st.b|0)+")":d||"#000"}function Ft(st,d){return"rgb("+Math.round((st.r|0)*d)+","+Math.round((st.g|0)*d)+","+Math.round((st.b|0)*d)+")"}function tt(st,d){var ot=parseFloat(st);return isNaN(ot)?d:ot}function Z(st){return typeof st=="number"&&isFinite(st)}var D={image:1,polygon:2,conic:3,conicpart:3,angle:4,function:5,line:5,segment:6,polyline:6,vector:6,point:8,text:9,boolean:10,numeric:10,button:10};function St(st,d,ot){ot=ot||{},Q._uid=(Q._uid||0)+1;var b=ot.uid||"_"+Q._uid+"_"+Math.floor(Math.random()*1e6),f=this;this.host=st,this.opts=ot;var w=ot._raw||(ot.resetButton===!1?null:JSON.stringify(d)),G=!1;if(this.lang=ot.lang||"en",this.i18n=d.i18n&&d.i18n[this.lang]||{},this.eng=new Q.Engine(d,{lenScale:ot.compactDisplay===!1?1:1.6}),d.initSet)for(var I=0;I<d.initSet.length;I++){var j=this.eng.byLabel[d.initSet[I][0]];j&&this.eng.userSet(j,d.initSet[I][1])}d.autoPlay!==!0&&(this.eng.running=!1);var k=this.eng,m=k.view;this.V=m,this.W=m.w,this.H=m.h;function R(e){return m.x0+e*m.sx}function z(e){return m.y0-e*m.sy}function rt(e){return(e-m.x0)/m.sx}function at(e){return(m.y0-e)/m.sy}this.X=R,this.Y=z;function O(e){return e&&(f.i18n.hasOwnProperty(e)?f.i18n[e]:e)}this.T=O;var Y=H("svg",{viewBox:"0 0 "+m.w+" "+m.h,preserveAspectRatio:"xMidYMid meet",class:"ggb-fig",role:"img",width:m.w,height:m.h});this.svg=Y;var Et=H("defs",null,Y),t=H("clipPath",{id:"ggbclip"+b},Et);H("rect",{x:0,y:0,width:m.w,height:m.h},t);for(var r=H("rect",{x:0,y:0,width:m.w,height:m.h,fill:mt({r:m.bg[0],g:m.bg[1],b:m.bg[2]})},Y),i=H("g",{"clip-path":"url(#ggbclip"+b+")"},Y),n=H("g",null,i),s=[],h=0;h<=10;h++)s.push(H("g",null,i));var y=H("g",null,i);this.layers=s;var p=k.els,v=[];p.forEach(function(e){if(!(e.is3d||/3d$/.test(e.type))){var a=Math.max(0,Math.min(10,parseInt(e.layer&&e.layer.val||"0",10)||0));e._g=H("g",{"data-l":e.label}),e._prio=D[e.type]||7,e._ly=a,v.push(e)}});var L=v.map(function(e,a){return{e:e,i:a}});L.sort(function(e,a){return e.e._ly-a.e._ly||e.e._prio-a.e._prio||e.i-a.i}),L.forEach(function(e){s[e.e._ly].appendChild(e.e._g)});var C=L.map(function(e){return e.e});this.drawn=v;function U(e,a){var o=parseInt(e.lineStyle&&e.lineStyle.type||"0",10),u=Math.max(1,a);return o===10?u*3+" "+u*2.4:o===15?u*5+" "+u*2.4:o===20?u*.8+" "+u*2.4:o===30?u*4+" "+u*2+" "+u*.8+" "+u*2:""}function E(e){if(e.userColor){var a=/^#([0-9a-fA-F]{2})?([0-9a-fA-F]{6})$/.exec(e.userColor);if(a)return"#"+a[2]}return mt(e.objColor)}function W(e){return tt(e.objColor&&e.objColor.alpha,0)}function $(e,a){var o=tt(e.lineStyle&&e.lineStyle.thickness,5),u=Math.max(.5,o/2),c={stroke:E(e),"stroke-width":u,fill:"none","stroke-linecap":"round","stroke-linejoin":"round"},l=U(e,u);l&&(c["stroke-dasharray"]=l,c["stroke-linecap"]="butt");var g=e.lineStyle&&e.lineStyle.opacity;if(g!=null&&g!==""&&(c["stroke-opacity"]=Math.max(.05,parseFloat(g)/255)),a)for(var _ in a)c[_]=a[_];return c}function F(e,a,o){return e._c=e._c||{},e._c[a]||(e._c[a]=H(o,null,e._g)),e._c[a]}function it(e,a){e._c&&e._c[a]&&e._c[a].setAttribute("display","none")}function ut(e,a){e._c&&e._c[a]&&e._c[a].removeAttribute("display")}function ct(e,a,o,u){var c=o-e,l=u-a,g=Math.sqrt(c*c+l*l);if(!g)return null;var _=(m.w+m.h)*3;return c/=g,l/=g,[e-c*_,a-l*_,e+c*_,a+l*_]}function Ct(e){var a,o,u=e.a,c=e.b,l=e.c;return Math.abs(c)>Math.abs(u)?(a=[0,-l/c],o=[1,-(l+u)/c]):(a=[-l/u,0],o=[-(l+c)/u,1]),ct(R(a[0]),z(a[1]),R(o[0]),z(o[1]))}function _t(e,a,o,u,c,l){var g=o*m.sx,_=o*m.sy,M=R(e+o*Math.cos(u)),T=z(a+o*Math.sin(u)),A=R(e+o*Math.cos(u+c)),S=z(a+o*Math.sin(u+c)),K=c>Dt?1:0,V="M"+x(M)+" "+x(T)+" A"+x(g)+" "+x(_)+" 0 "+K+" 0 "+x(A)+" "+x(S);return l&&(V="M"+x(R(e))+" "+x(z(a))+" L"+x(M)+" "+x(T)+V.slice(V.indexOf(" A"))+" Z"),V}function ft(e){var a=parseInt(e.labelMode&&e.labelMode.val||"0",10),o=e.caption&&e.caption.val,u=e.label,c=e.val,l;if(a===3&&o||a===9&&o?l=O(o):l=u,a===1||a===2||a===9){var g=ht(e);g!=null&&(l=(a===2?"":l+" = ")+g)}return l}function ht(e){var a=e.val;return typeof a=="number"?Q.fmt(a,2):a&&a.k==="ang"?Q.fmt(a.v*180/Dt,0)+"\xB0":a&&a.k==="pt"?"("+Q.fmt(a.x,2)+", "+Q.fmt(a.y,2)+")":null}function yt(e,a,o,u){var c=e.showLab&&e.val!==void 0,l=F(e,a,"g");if(e._lbox=null,!c){l.setAttribute("display","none");return}var g=ft(e);if(!g){l.setAttribute("display","none");return}var _=e.labelOffset||{},M=tt(_.x,0),T=tt(_.y,0),A=g+"|"+E(e);if(l._k!==A){l._k=A;var S=Q.rich(g,Ot,{color:E(e)});Zt(l,S.svg),l._w=S.w}l.removeAttribute("display"),l.setAttribute("transform","translate("+x(o+M)+","+x(u+T)+")"),e._lbox={x:o+M,y:u+T-13,w:l._w||30,h:18}}function nt(e){var a=e._g,o=e.val,u=e.type,c=k.visible(e),l=u==="button"||u==="image"||u==="boolean"||u==="text"||u==="numeric"&&e.sl;if(!c||o==null&&!l){a.setAttribute("display","none");return}var g=o&&o.k;switch(u){case"point":return dt(e,o);case"vector":if(g==="vec")return Ht(e,o);break;case"segment":if(g==="seg")return Vt(e,o);break;case"line":if(g==="line")return Jt(e,o);break;case"conic":if(g==="circ")return wt(e,o);break;case"conicpart":if(g==="arc")return rr(e,o);break;case"polygon":if(g==="poly")return cr(e,o);break;case"polyline":if(g==="pline")return Tt(e,o);break;case"function":if(g==="fn")return Rt(e,o);break;case"angle":if(g==="ang")return Lt(e,o);break;case"text":return Le(e,o);case"boolean":return Ie(e,o);case"numeric":if(e.sl)return Oe(e,o);break;case"button":return Ce(e);case"image":return Ne(e)}a.setAttribute("display","none")}function dt(e,a){var o=e._g;if(!Z(a.x)||!Z(a.y)){o.setAttribute("display","none");return}o.removeAttribute("display");var u=tt(e.pointSize&&e.pointSize.val,3),c=parseInt(e.pointStyle&&e.pointStyle.val||"0",10),l=R(a.x),g=z(a.y),_=e.objColor||{},M=F(e,"d","path"),T=E(e),A=u+.5,S;if(d.laminaPoints&&d.laminaPoints.indexOf(e.label)>=0){var K=6,V=3.5;S="M"+x(l-1)+" "+x(g-K)+"L"+x(l-1+V)+" "+x(g-K+1)+"L"+x(l-1+V)+" "+x(g+K-1)+"L"+x(l-1)+" "+x(g+K)+"Z",lt(M,{d:S,fill:"#800000",stroke:"#4d0000","stroke-width":.8,"stroke-linejoin":"round"});return}c===1?(S="M"+x(l-A)+" "+x(g-A)+"L"+x(l+A)+" "+x(g+A)+"M"+x(l-A)+" "+x(g+A)+"L"+x(l+A)+" "+x(g-A),lt(M,{d:S,stroke:T,"stroke-width":1.5,fill:"none"})):c===3?(S="M"+x(l-A)+" "+x(g)+"L"+x(l+A)+" "+x(g)+"M"+x(l)+" "+x(g-A)+"L"+x(l)+" "+x(g+A),lt(M,{d:S,stroke:T,"stroke-width":1.5,fill:"none"})):c===4||c===5?(S="M"+x(l)+" "+x(g-A-1)+"L"+x(l+A+1)+" "+x(g)+"L"+x(l)+" "+x(g+A+1)+"L"+x(l-A-1)+" "+x(g)+"Z",lt(M,{d:S,stroke:T,"stroke-width":1,fill:c===4?T:"none"})):(S="M"+x(l-A)+" "+x(g)+"a"+A+" "+A+" 0 1 0 "+x(2*A)+" 0a"+A+" "+A+" 0 1 0 "+x(-2*A)+" 0Z",lt(M,{d:S,fill:c===2?"none":T,stroke:c===2?T:c===10?"none":Ft(_,.55),"stroke-width":1})),yt(e,"lab",l+4+u*.6,g-4-u*.6)}function vt(e,a,o,u,c){var l=o-e,g=u-a,_=Math.sqrt(l*l+g*g);if(!_)return"";l/=_,g/=_;var M=Math.min(_*.9,9+c*2.2),T=M*.36,A=o-l*M,S=u-g*M;return"M"+x(o)+" "+x(u)+"L"+x(A-g*T)+" "+x(S+l*T)+"L"+x(A+g*T)+" "+x(S-l*T)+"Z"}function Ht(e,a){var o=e._g;if(!Z(a.x)||!Z(a.y)){o.setAttribute("display","none");return}o.removeAttribute("display");var u=R(a.sx||0),c=z(a.sy||0),l=R((a.sx||0)+a.x),g=z((a.sy||0)+a.y),_=tt(e.lineStyle&&e.lineStyle.thickness,5),M=Math.max(.5,_/2),T=Math.min(Math.sqrt((l-u)*(l-u)+(g-c)*(g-c))*.9,9+M*2.2),A=Math.sqrt((l-u)*(l-u)+(g-c)*(g-c))||1,S=(l-u)/A,K=(g-c)/A,V=l-S*T*.7,B=g-K*T*.7,et=F(e,"l","line");lt(et,$(e)),lt(et,{x1:x(u),y1:x(c),x2:x(V),y2:x(B)});var J=F(e,"h","path");lt(J,{d:vt(u,c,l,g,M),fill:E(e),stroke:E(e),"stroke-width":.5,"stroke-linejoin":"round"}),yt(e,"lab",(u+l)/2+4,(c+g)/2-4)}function Vt(e,a){var o=e._g;if(!Z(a.x1)||!Z(a.y1)||!Z(a.x2)||!Z(a.y2)){o.setAttribute("display","none");return}o.removeAttribute("display");var u=F(e,"l","line");lt(u,$(e)),lt(u,{x1:x(R(a.x1)),y1:x(z(a.y1)),x2:x(R(a.x2)),y2:x(z(a.y2))}),yt(e,"lab",(R(a.x1)+R(a.x2))/2+4,(z(a.y1)+z(a.y2))/2-6)}function Jt(e,a){var o=e._g,u=Z(a.a)&&Z(a.b)&&Z(a.c)?Ct(a):null;if(!u){o.setAttribute("display","none");return}o.removeAttribute("display");var c=F(e,"l","line");lt(c,$(e)),lt(c,{x1:x(u[0]),y1:x(u[1]),x2:x(u[2]),y2:x(u[3])}),yt(e,"lab",-1e3,-1e3)}function wt(e,a){var o=e._g;if(!Z(a.cx)||!Z(a.cy)||!Z(a.r)){o.setAttribute("display","none");return}o.removeAttribute("display");var u=F(e,"c","ellipse"),c=$(e);c.fill=W(e)>0?E(e):"none",c["fill-opacity"]=W(e),lt(u,c),lt(u,{cx:x(R(a.cx)),cy:x(z(a.cy)),rx:x(a.r*m.sx),ry:x(a.r*m.sy)}),yt(e,"lab",R(a.cx)+4,z(a.cy)-a.r*m.sy-4)}function rr(e,a){var o=e._g;if(!Z(a.cx)||!Z(a.cy)||!Z(a.r)||!Z(a.a0)||!Z(a.da)){o.setAttribute("display","none");return}o.removeAttribute("display");var u=F(e,"c","path"),c=$(e),l=W(e);c.fill=l>0?E(e):"none",c["fill-opacity"]=l,c["fill-rule"]="nonzero",lt(u,c),lt(u,{d:a.da<1e-6?"M0 0":_t(a.cx,a.cy,a.r,a.a0,a.da,a.sector)});var g=d.arcArrow&&d.arcArrow[e.label],_=F(e,"ah","path");if(g&&a.da>1e-6){var M=Math.min(.12,a.da*.4),T=Math.max(.5,tt(e.lineStyle&&e.lineStyle.thickness,5)/2),A=function(V){return[R(a.cx+a.r*Math.cos(V)),z(a.cy+a.r*Math.sin(V))]},S=A(g==="start"?a.a0:a.a0+a.da),K=A(g==="start"?a.a0+M:a.a0+a.da-M);lt(_,{d:vt(K[0],K[1],S[0],S[1],T),fill:E(e),stroke:E(e),"stroke-width":.5,"stroke-linejoin":"round",display:""})}else lt(_,{d:"M0 0",display:"none"});yt(e,"lab",-1e3,-1e3)}function cr(e,a){var o=e._g,u,c="";for(u=0;u<a.pts.length;u++){if(!Z(a.pts[u].x)||!Z(a.pts[u].y)){o.setAttribute("display","none");return}c+=(u?"L":"M")+x(R(a.pts[u].x))+" "+x(z(a.pts[u].y))}o.removeAttribute("display");var l=F(e,"p","path");lt(l,{d:c+"Z",fill:E(e),"fill-opacity":W(e),stroke:"none"});var g=e.lineStyle}function Tt(e,a){var o=e._g,u,c="";for(u=0;u<a.pts.length;u++){if(!Z(a.pts[u].x)||!Z(a.pts[u].y)){o.setAttribute("display","none");return}c+=(u?"L":"M")+x(R(a.pts[u].x))+" "+x(z(a.pts[u].y))}o.removeAttribute("display");var l=F(e,"p","path");lt(l,$(e)),lt(l,{d:c})}function Rt(e,a){var o=e._g;o.removeAttribute("display");var u=rt(0)-1,c=rt(m.w)+1,l=a.lo!=null?a.lo:u,g=a.hi!=null?a.hi:c;u=Math.max(u,l),c=Math.min(c,g);var _=Math.min(900,Math.max(60,Math.ceil((c-u)*m.sx/2))),M="",T=!1,A,S,K,V=null,B=null,et=null;for(A=0;A<=_;A++){S=u+(c-u)*A/_,K=a.f(S);var J=isFinite(K)&&Math.abs(z(K))<=5e3;if(B!==null&&a.lo==null){var q=et!==null;if(J&&!q){var bt=B,kt=S,Nt,Pt,N;for(N=0;N<40;N++)Nt=(bt+kt)/2,Pt=a.f(Nt),isFinite(Pt)?kt=Nt:bt=Nt;Pt=a.f(kt),isFinite(Pt)&&Math.abs(z(Pt))<=5e3&&(M+="M"+x(R(kt))+" "+x(z(Pt)),T=!0,V=z(Pt))}else if(!J&&q){var X=B,It=S,pt,Mt,Wt;for(Wt=0;Wt<40;Wt++)pt=(X+It)/2,Mt=a.f(pt),isFinite(Mt)?X=pt:It=pt;Mt=a.f(X),isFinite(Mt)&&Math.abs(z(Mt))<=5e3&&T&&(M+="L"+x(R(X))+" "+x(z(Mt)))}}if(B=S,et=J?K:null,!J){T=!1,V=null;continue}T&&V!==null&&Math.abs(z(K)-V)>40&&(T=!1),M+=(T?"L":"M")+x(R(S))+" "+x(z(K)),T=!0,V=z(K)}var xt=F(e,"p","path");lt(xt,$(e)),lt(xt,{d:M||"M0 0"})}function Lt(e,a){var o=e._g;if(!Z(a.ox)||!Z(a.da)){o.setAttribute("display","none");return}o.removeAttribute("display"),d.minAngles&&d.minAngles.indexOf(e.label)>=0&&a.da>Dt&&(a={ox:a.ox,oy:a.oy,a0:a.a0+a.da,da:2*Dt-a.da,la:a.la,lb:a.lb});var u=tt(e.arcSize&&e.arcSize.val,30),c=R(a.ox),l=z(a.oy);Z(a.la)&&Z(a.lb)&&(u=Math.max(8,Math.min(u,.6*Math.min(a.la,a.lb)*m.sx)));var g=c+u*Math.cos(a.a0),_=l-u*Math.sin(a.a0),M=c+u*Math.cos(a.a0+a.da),T=l-u*Math.sin(a.a0+a.da),A="M"+x(c)+" "+x(l)+"L"+x(g)+" "+x(_)+"A"+u+" "+u+" 0 "+(a.da>Dt?1:0)+" 0 "+x(M)+" "+x(T)+"Z",S=F(e,"p","path"),K=$(e);K.fill=E(e),K["fill-opacity"]=Math.max(W(e),.1);var V=tt(e.lineStyle&&e.lineStyle.thickness,5);K["stroke-width"]=Math.max(.5,V/2*.6),lt(S,K),lt(S,{d:A});var B=a.a0+a.da/2;yt(e,"lab",c+(u+8)*Math.cos(B)-6,l-(u+8)*Math.sin(B)+4)}function gt(e){var a=e.font||{},o=tt(a.sizeM,1),u=parseInt(a.style||"0",10);return{fs:o,bold:(u&1)===1,italic:(u&2)===2,serif:a.serif==="true"}}var Qt=null;function ar(){return Qt===null&&(Qt="",p.forEach(function(e){var a=e.ggbscript&&e.ggbscript.val,o=a&&/ParseToFunction\(\s*([A-Za-z_]\w*)\s*\)/i.exec(a);o&&!Qt&&(Qt=o[1])})),Qt}function Le(e,a){var o=e._g;typeof a!="string"&&(a=String(a)),a=O(a);var u=gt(e),c=e.isLaTeX&&e.isLaTeX.val==="true";if((a==="\xD7"||a==="\u2219"||a==="\u2022")&&e.startPoint&&e.startPoint.exp){var l=k.vals[e.startPoint.exp];if(!l)try{l=k.ev(k.parseExpr(e.startPoint.exp),{})}catch(Pt){l=null}if(!(l&&l.k==="pt"&&Z(l.x))){o.setAttribute("display","none");return}var g=F(e,"sym","g"),_=E(e),M=u.fs*(a==="\xD7"?3.2:4.5),T=a+_+M;g._k!==T&&(g._k=T,Zt(g,""),a==="\xD7"?H("path",{d:"M"+-M+" "+-M+"L"+M+" "+M+"M"+-M+" "+M+"L"+M+" "+-M,stroke:_,"stroke-width":2.4,"stroke-linecap":"round",fill:"none"},g):H("circle",{cx:0,cy:0,r:M*.8,fill:_},g)),g.setAttribute("transform","translate("+x(R(l.x))+","+x(z(l.y))+")"),o.removeAttribute("display");return}var A=a+"|"+u.fs+"|"+E(e)+"|"+c+"|"+u.bold+u.italic+u.serif,S=F(e,"t","g");if(S._k!==A){S._k=A;var K=u.fs*(c?nr:Ot),V=Q.rich(a,K,{latex:c,color:E(e),bold:u.bold,italic:u.italic,sans:!u.serif});e.label===ar()&&ot.compactDisplay!==!1&&V.w>150&&(K=K*Math.max(.45,150/V.w),V=Q.rich(a,K,{latex:c,color:E(e),bold:u.bold,italic:u.italic,sans:!u.serif})),Zt(S,V.svg),S._r=V,e.bgColor&&parseFloat(e.bgColor.alpha||0)>0}var B,et,J=S._r;if(e.absoluteScreenLocation)B=tt(e.absoluteScreenLocation.x,0),et=tt(e.absoluteScreenLocation.y,0);else if(e.startPoint&&e.startPoint.exp){var q=k.vals[e.startPoint.exp];if(!q)try{q=k.ev(k.parseExpr(e.startPoint.exp),{})}catch(Pt){q=null}if(q&&q.k==="pt"&&Z(q.x))B=R(q.x)+tt(e.labelOffset&&e.labelOffset.x,0),et=z(q.y)+tt(e.labelOffset&&e.labelOffset.y,0);else{o.setAttribute("display","none");return}}else e.startPoint?(B=R(tt(e.startPoint.x,0)),et=z(tt(e.startPoint.y,0))):(B=0,et=0);d.nudge&&d.nudge[e.label]&&(B+=d.nudge[e.label][0],et+=d.nudge[e.label][1]),d.centerText&&d.centerText[e.label]!=null&&(B=d.centerText[e.label]-J.w/2);{var bt=B+J.w-(m.w-2);bt>0&&bt<40&&!(e.cmd&&/verticaltext/i.test(e.cmd.name))&&(B-=bt)}var kt=c?et+J.a:et;o.removeAttribute("display");var Nt=e.cmd&&/verticaltext/i.test(e.cmd.name);S.setAttribute("transform","translate("+x(B)+","+x(Nt?et:kt)+")"+(Nt?" rotate(-90)":"")),e._pos={x:B,y:c?et:et-J.a,w:J.w,h:J.a+J.d},e.script&&!Nt&&(e._hit={x:B-3,y:(c?et:et-J.a)-3,w:J.w+6,h:J.a+J.d+6})}function Ne(e){var a=e._g,o=e.file&&e.file.name;if(!o){a.setAttribute("display","none");return}var u=F(e,"i","image"),c=d.i18nFiles&&d.i18nFiles[f.lang]&&d.i18nFiles[f.lang][o]||d.files&&d.files[o];if(!c){a.setAttribute("display","none");return}var l=/\.svg$/i.test(o)?"image/svg+xml":/\.jpe?g$/i.test(o)?"image/jpeg":"image/png";u._set||(u.setAttributeNS("http://www.w3.org/1999/xlink","href","data:"+l+";base64,"+c),u.setAttribute("preserveAspectRatio","none"),u._set=1);var g=e.imgCorners||(e.imgCorners=Pe(e)),_=Hr(e,0),M=Hr(e,1),T=Hr(e,2);if(!_){a.setAttribute("display","none");return}var A=e._nw,S=e._nh;if(!A){var K=Ee(c);e._nw=A=K[0],e._nh=S=K[1]}var V,B,et,J;T&&(et=T.x-_.x,J=T.y-_.y),M?(V=M.x-_.x,B=M.y-_.y):T?(V=-J*A/S,B=et*A/S):(V=A,B=0),T||(et=-B*S/A,J=V*S/A,et=B*S/A,J=-V*S/A);var q=V/A,bt=B/A,kt=et/S,Nt=J/S,Pt=[q,bt,-kt,-Nt,_.x+kt*S,_.y+Nt*S];lt(u,{x:0,y:0,width:A,height:S,transform:"matrix("+Pt.map(function(Mr){return Math.round(Mr*1e4)/1e4}).join(",")+")"}),a.removeAttribute("display");var N=d.spin;if(N&&N.img===e.label){var X=e._spin,It=Math.cos(N.psi),pt=Math.sin(N.psi),Mt=function(Mr,Kt){return Mr*=N.a,Kt*=N.b,[N.cx+Mr*It-Kt*pt,N.cy+Mr*pt+Kt*It]};if(!X){var Wt=u.getAttributeNS("http://www.w3.org/1999/xlink","href"),xt=H("g",{},e._g);X=e._spin={g2:xt};var Tr="ggbspin"+b,xr=H("clipPath",{id:Tr},Et),yr="ggbcu"+b,Gt=H("radialGradient",{id:yr,cx:"0.38",cy:"0.35",r:"0.75"},Et);H("stop",{offset:"0","stop-color":"#e7b698"},Gt),H("stop",{offset:"0.7","stop-color":"#b87a5c"},Gt),H("stop",{offset:"1","stop-color":"#8a5a45"},Gt);var Yt=function(Kt,pr,er,Xt){var $t="",ir=60,qt,Pr,Er;for(qt=0;qt<=ir;qt++)Pr=er+(Xt-er)*qt/ir,Er=Mt(Kt*Math.cos(Pr),Kt*Math.sin(Pr)),$t+=(qt?"L":"M")+Er[0].toFixed(2)+" "+Er[1].toFixed(2);for(qt=ir;qt>=0;qt--)Pr=er+(Xt-er)*qt/ir,Er=Mt(pr*Math.cos(Pr),pr*Math.sin(Pr)),$t+="L"+Er[0].toFixed(2)+" "+Er[1].toFixed(2);return $t+"Z"},Gr=Yt(N.rout,N.rin,0,2*Math.PI),Ar=function(Kt){var pr="",er=60,Xt,$t;for(Xt=0;Xt<er;Xt++)$t=Mt(Kt*Math.cos(2*Math.PI*Xt/er),Kt*Math.sin(2*Math.PI*Xt/er)),pr+=(Xt?"L":"M")+$t[0].toFixed(2)+" "+$t[1].toFixed(2);return pr+"Z"};H("path",{d:Ar(N.rout)+Ar(N.rin),"clip-rule":"evenodd"},xr);var $r=N.a*It*(N.b*It)+N.a*pt*(N.b*pt),zr=(It*N.dx+pt*N.dy)/N.a,Ur=(-pt*N.dx+It*N.dy)/N.b;X.w=[zr,Ur];var dr=Math.atan2(Ur,zr);X.rear=H("path",{d:(function(){var Kt=Yt(N.rout,N.rin,dr-Math.PI/2,dr+Math.PI/2),pr=Kt.match(/[ML][^ML]+/g),er="";return pr.map(function(Xt){var $t=Xt[0],ir=Xt.slice(1).trim().split(" ");return $t+(+ir[0]+N.dx).toFixed(2)+" "+(+ir[1]+N.dy).toFixed(2)}).join("")+"Z"})(),fill:"rgba(232,232,232,0.75)",stroke:"rgba(150,150,150,0.8)","stroke-width":"0.8"},xt),X.back=H("g",{opacity:"0.55"},xt),X.bd=H("path",{fill:"none",stroke:"#7a4e3c","stroke-width":N.barw,"stroke-linecap":"round"},X.back),X.bm=H("path",{fill:"none",stroke:"#a9735a","stroke-width":N.barw*.6,"stroke-linecap":"round"},X.back);var kr=N.sh,re="ggbsh"+b,Xe=H("clipPath",{id:re},Et),ee="",Dr,ie,Fr;for(Dr=kr.t0;Dr<=kr.t1+1e-6;Dr+=.04){for(Fr=0;Fr<24;Fr++)ie=Mt(kr.r*1.06*Math.cos(2*Math.PI*Fr/24),kr.r*1.06*Math.sin(2*Math.PI*Fr/24)),ee+=(Fr?"L":"M")+(ie[0]+Dr*N.dx).toFixed(2)+" "+(ie[1]+Dr*N.dy).toFixed(2);ee+="Z"}H("path",{d:ee},Xe);var je=H("g",{"clip-path":"url(#"+re+")"},xt),He=H("image",{x:0,y:0,width:A,height:S,preserveAspectRatio:"none"},je);He.setAttributeNS("http://www.w3.org/1999/xlink","href",Wt),X.st=H("path",{fill:"none",stroke:"#6d6f78","stroke-opacity":"0.75","stroke-width":"1.1","stroke-linecap":"round"},xt),X.stl=H("path",{fill:"none",stroke:"#ffffff","stroke-opacity":"0.8","stroke-width":"1.0","stroke-linecap":"round"},xt),X.cr=H("path",{fill:"none",stroke:"#4d4f58","stroke-width":"0.9","stroke-linecap":"round"},xt),X.fd=H("path",{fill:"none",stroke:"#7a4e3c","stroke-width":N.barw,"stroke-linecap":"round"},xt),X.fm=H("path",{fill:"none",stroke:"#b07a60","stroke-width":N.barw*.6,"stroke-linecap":"round"},xt),X.rdots=[],X.fdots=[];var Sr;for(Sr=0;Sr<N.n;Sr++)X.rdots.push(H("path",{fill:"url(#"+yr+")",stroke:"#7d5040","stroke-width":"0.5"},xt));var Je=H("g",{"clip-path":"url(#"+Tr+")"},xt),Ke=H("image",{x:0,y:0,width:A,height:S,preserveAspectRatio:"none"},Je);for(Ke.setAttributeNS("http://www.w3.org/1999/xlink","href",Wt),Sr=0;Sr<N.n;Sr++)X.fdots.push(H("path",{fill:"url(#"+yr+")",stroke:"#7d5040","stroke-width":"0.5"},xt))}X.g2.setAttribute("transform",u.getAttribute("transform"));var sr=k.vals[N.angle];sr=sr&&typeof sr=="object"?sr.v!==void 0?sr.v:sr.val:sr,sr=+sr||0;var dr=0;if(N.follow){var vr=k.vals[N.follow];if(vr&&vr.x!==void 0&&Math.sqrt(vr.x*vr.x+vr.y*vr.y)>1e-9){var ne=Math.atan2(vr.y,vr.x)-Math.PI;if(X.cur===void 0)X.cur=ne;else{var ae=ne-X.prev;ae-=Math.PI*Math.round(ae/Math.PI),X.cur+=ae}X.prev=ne}dr=X.cur||0}var ge=1;if(N.rev){var gr=k.vals[N.rev];gr=gr&&typeof gr=="object"?gr.v!==void 0?gr.v:gr.val:gr,ge=1-2*(+gr||0)}N.follow||(dr=(N.dir||1)*ge*sr);for(var se="",oe="",be=function(Mr,Kt,pr,er){var Xt="",$t,ir,qt=N.dotr;for($t=0;$t<14;$t++)ir=Mt(Mr+qt*Math.cos(2*Math.PI*$t/14),Kt+qt*Math.sin(2*Math.PI*$t/14)),Xt+=($t?"L":"M")+(ir[0]+pr).toFixed(2)+" "+(ir[1]+er).toFixed(2);return Xt+"Z"},wr=0;wr<N.n;wr++){var me=N.th0+2*Math.PI*wr/N.n-dr,Wr=Math.cos(me),Xr=Math.sin(me),jr=Mt(Wr,Xr),ke="M"+jr[0].toFixed(2)+" "+jr[1].toFixed(2)+"L"+(jr[0]+N.dx).toFixed(2)+" "+(jr[1]+N.dy).toFixed(2),we=Wr*X.w[0]+Xr*X.w[1]>0;we?oe+=ke:se+=ke,X.fdots[wr].setAttribute("d",be(Wr,Xr,0,0)),we?(X.rdots[wr].setAttribute("d",be(Wr,Xr,N.dx,N.dy)),X.rdots[wr].removeAttribute("display")):X.rdots[wr].setAttribute("display","none")}var Ut=N.sh,Me="",_e="",Ae="",br,or,Lr,Nr,ur;for(br=0;br<4;br++)or=N.th0+2*Math.PI*br/4-dr,Lr=Math.cos(or),Nr=Math.sin(or),Lr*X.w[0]+Nr*X.w[1]>0&&(ur=Mt(Ut.r*Lr,Ut.r*Nr),Me+="M"+(ur[0]+Ut.t0*N.dx).toFixed(2)+" "+(ur[1]+Ut.t0*N.dy).toFixed(2)+"L"+(ur[0]+Ut.t1*N.dx).toFixed(2)+" "+(ur[1]+Ut.t1*N.dy).toFixed(2),ur=Mt(Ut.r*Math.cos(or+.22),Ut.r*Math.sin(or+.22)),Math.cos(or+.22)*X.w[0]+Math.sin(or+.22)*X.w[1]>0&&(_e+="M"+(ur[0]+Ut.t0*N.dx).toFixed(2)+" "+(ur[1]+Ut.t0*N.dy).toFixed(2)+"L"+(ur[0]+Ut.t1*N.dx).toFixed(2)+" "+(ur[1]+Ut.t1*N.dy).toFixed(2)));for(br=0;br<2;br++){or=N.th0+br*Math.PI/2-dr,Lr=Math.cos(or)*Ut.r*.8,Nr=Math.sin(or)*Ut.r*.8;var Fe=Mt(Lr,Nr),Se=Mt(-Lr,-Nr);Ae+="M"+(Fe[0]+Ut.t0*N.dx).toFixed(2)+" "+(Fe[1]+Ut.t0*N.dy).toFixed(2)+"L"+(Se[0]+Ut.t0*N.dx).toFixed(2)+" "+(Se[1]+Ut.t0*N.dy).toFixed(2)}X.st.setAttribute("d",Me),X.stl.setAttribute("d",_e),X.cr.setAttribute("d",Ae),X.bd.setAttribute("d",se),X.bm.setAttribute("d",se),X.fd.setAttribute("d",oe),X.fm.setAttribute("d",oe)}}function Pe(e){return[]}function Hr(e,a){var o=e._corners&&e._corners[a];return o||null}function Ee(e){try{var a=atob(e.slice(0,400));if(a.charCodeAt(1)===80&&a.charCodeAt(2)===78){var o=a.charCodeAt(16)<<24|a.charCodeAt(17)<<16|a.charCodeAt(18)<<8|a.charCodeAt(19),u=a.charCodeAt(20)<<24|a.charCodeAt(21)<<16|a.charCodeAt(22)<<8|a.charCodeAt(23);return[o,u]}for(var c=atob(e),l=2;l<c.length;){if(c.charCodeAt(l)!==255){l++;continue}var g=c.charCodeAt(l+1);if(g>=192&&g<=195)return[c.charCodeAt(l+7)<<8|c.charCodeAt(l+8),c.charCodeAt(l+5)<<8|c.charCodeAt(l+6)];l+=2+(c.charCodeAt(l+2)<<8|c.charCodeAt(l+3))}}catch(_){}return[100,100]}function ue(e){var a=e.dynamicCaption&&e.dynamicCaption.val;if(!a)return null;var o=k.byLabel[a];return!o||typeof o.val!="string"?null:{s:O(o.val),latex:!!(o.isLaTeX&&o.isLaTeX.val==="true")}}function fe(e){var a=d.disabledWhen&&d.disabledWhen[e.label];return!!(a&&k.testExpr(a))}function Ie(e,a){var o=fe(e);e._dis=o;var u=e._g,c=e.labelOffset||{},l=tt(c.x,0),g=tt(c.y,0),_=m.checkbox||26,M=e.caption&&e.caption.val,T=O(M||e.label),A=Ot,S=ue(e);!M&&e.show&&e.show.label==="false"&&(T=""),S&&(T=S.s);var K=T+"|"+(a?1:0)+"|"+E(e)+"|"+(o?1:0),V=F(e,"cb","g");if(V.setAttribute("opacity",o?.35:1),V._k!==K){V._k=K,Zt(V,"");var B=H("rect",{x:0,y:0,width:_,height:_,rx:4,ry:4,fill:a?P:"#fff",stroke:a?P:"#8a8a8a","stroke-width":a?1:1.5},V);a&&H("path",{d:"M"+_*.24+" "+_*.54+"L"+_*.43+" "+_*.72+"L"+_*.78+" "+_*.3,fill:"none",stroke:"#fff","stroke-width":_*.12,"stroke-linecap":"round","stroke-linejoin":"round"},V);var et=Q.rich(T,A,{color:E(e),latex:!!(S&&S.latex)}),J=H("g",{transform:"translate("+(_+8)+","+(_/2+5)+")"},V);Zt(J,et.svg),e._hit={x:l,y:g,w:_+12+et.w,h:_},V.setAttribute("data-act","1")}var q=d.i18nShift&&d.i18nShift[f.lang]&&d.i18nShift[f.lang][e.label];q&&(l+=q[0],g+=q[1],e._hit&&(e._hit.x=l,e._hit.y=g)),V.setAttribute("transform","translate("+l+","+g+")"),u.removeAttribute("display")}function Oe(e,a){var o=e._g,u=e.sl,c=u.w,l=u.horiz,g,_,M;u.abs?(g=u.x,_=u.y,M=c):(g=R(u.x),_=z(u.y),M=c*m.sx);var T=u.max>u.min?(a-u.min)/(u.max-u.min):0,A=tt(e.lineStyle&&e.lineStyle.thickness,5),S=Math.max(1,A/2*.9),K=E(e),V=Math.max(5,tt(e.pointSize&&e.pointSize.val,3)+3),B=F(e,"l","line"),et=F(e,"k","circle"),J=g,q=_,bt=l?g+M:g,kt=l?_:_-M,Nt=l?g+M*T:g,Pt=l?_:_-M*T;lt(B,{x1:x(J),y1:x(q),x2:x(bt),y2:x(kt),stroke:"#b0b0b0","stroke-width":2,"stroke-linecap":"round"});var N=F(e,"lf","line");lt(N,{x1:x(J),y1:x(q),x2:x(Nt),y2:x(Pt),stroke:K,"stroke-width":2,"stroke-linecap":"round"});var X=f._sel===e;lt(et,{cx:x(Nt),cy:x(Pt),r:X?V+1.5:V,fill:K,stroke:X?"#1a73e8":Ft(e.objColor||{},.6),"stroke-width":X?2.5:1}),lt(et,{"data-act":"1"}),e._hit={x:Math.min(J,bt)-8,y:Math.min(q,kt)-10,w:Math.abs(bt-J)+16,h:Math.abs(kt-q)+20,x1:J,y1:q,x2:bt,y2:kt};var It=parseInt(e.labelMode&&e.labelMode.val||"1",10),pt=e.caption&&e.caption.val,Mt=O(pt||e.label),Wt=It===1||It===9?Mt+" = "+Q.fmt(a,2):It===2?Q.fmt(a,2):Mt,xt=F(e,"lab","g");if(!e.showLab)xt.setAttribute("display","none");else{xt.removeAttribute("display"),xt._k!==Wt+E(e)&&(xt._k=Wt+E(e),Zt(xt,Q.rich(Wt,12.5,{color:"#555"}).svg));var Tr=e.labelOffset||{},xr=J+tt(Tr.x,0),yr=q-8+tt(Tr.y,0);try{var Gt=xt.getBBox(),Yt=xr+Gt.x,Gr=Yt+Gt.width,Ar=yr+Gt.y,$r=Ar+Gt.height;if(Yt<3&&(xr+=3-Yt,Yt+=3-Yt,Gr=Yt+Gt.width),l){var zr=q-V-3;$r>zr&&Ar<q+V+2&&Gr>J-V&&Yt<bt+V&&(yr-=$r-zr)}else{var Ur=J+V+4;Yt<Ur&&Gr>J-V-2&&$r>kt-V&&Ar<q+V&&(xr+=Ur-Yt)}if(l&&d.sliderLabelAt&&d.sliderLabelAt[e.label]){var kr=d.sliderLabelAt[e.label];xr=bt+kr[0]-Gt.x,yr=q+kr[1]-Gt.y-Gt.height/2}l&&d.centerSlider&&d.centerSlider[e.label]!=null&&(xr=J+M/2-Gt.width/2-Gt.x,yr=q+d.centerSlider[e.label]-Gt.y-Gt.height/2)}catch(re){}xt.setAttribute("transform","translate("+x(xr)+","+x(yr)+")")}o.removeAttribute("display")}function Jr(e,a,o){var u=a/2,c=o/2,l=Math.min(a,o)*.3;return/play/.test(e)?'<path d="M'+(u-l*.7)+" "+(c-l)+"L"+(u+l)+" "+c+"L"+(u-l*.7)+" "+(c+l)+'Z" fill="#333"/>':/pause/.test(e)?'<rect x="'+(u-l)+'" y="'+(c-l)+'" width="'+l*.7+'" height="'+l*2+'" fill="#333"/><rect x="'+(u+l*.3)+'" y="'+(c-l)+'" width="'+l*.7+'" height="'+l*2+'" fill="#333"/>':/close/.test(e)?'<path d="M'+(u-l)+" "+(c-l)+"L"+(u+l)+" "+(c+l)+"M"+(u+l)+" "+(c-l)+"L"+(u-l)+" "+(c+l)+'" stroke="#333" stroke-width="2" fill="none"/>':/add/.test(e)?'<path d="M'+(u-l)+" "+c+"L"+(u+l)+" "+c+"M"+u+" "+(c-l)+"L"+u+" "+(c+l)+'" stroke="#333" stroke-width="2.2" fill="none"/>':/remove/.test(e)?'<path d="M'+(u-l)+" "+c+"L"+(u+l)+" "+c+'" stroke="#333" stroke-width="2.2" fill="none"/>':/loop/.test(e)?'<path d="M'+(u+l)+" "+(c-l*.2)+"A"+l+" "+l+" 0 1 0 "+(u+l*.3)+" "+(c+l*.95)+'" stroke="#333" stroke-width="2" fill="none"/><path d="M'+(u+l*1.35)+" "+(c-l*.9)+"L"+(u+l*1)+" "+(c+l*.25)+"L"+(u-l*.1)+" "+(c-l*.55)+'Z" fill="#333"/>':/arrow_forward/.test(e)?'<path d="M'+(u-l)+" "+c+"L"+(u+l)+" "+c+"M"+(u+l*.2)+" "+(c-l*.7)+"L"+(u+l)+" "+c+"L"+(u+l*.2)+" "+(c+l*.7)+'" stroke="#333" stroke-width="2" fill="none"/>':/arrow_backward/.test(e)?'<path d="M'+(u+l)+" "+c+"L"+(u-l)+" "+c+"M"+(u-l*.2)+" "+(c-l*.7)+"L"+(u-l)+" "+c+"L"+(u-l*.2)+" "+(c+l*.7)+'" stroke="#333" stroke-width="2" fill="none"/>':""}function Ce(e){var a=e._g,o=e.labelOffset||{},u=tt(o.x,0),c=tt(o.y,0),l=e.dimensions,g=gt(e);e.absoluteScreenLocation?(u=tt(e.absoluteScreenLocation.x,u),c=tt(e.absoluteScreenLocation.y,c)):e.startPoint&&e.startPoint.x!==void 0&&(u=R(tt(e.startPoint.x,0)),c=z(tt(e.startPoint.y,0)));var _=e.caption&&e.caption.val,M=O(_!=null?_:e.file?"":e.label),T=e.file&&e.file.name,A=ue(e);if(e.runToggle){var S=k.byLabel[e.runToggle];M=O(S&&S.anim&&S.anim.on&&k.running?"STOP":"RUN")}if(e._tgl===void 0){var K=/^\s*StartAnimation\(\s*([A-Za-z_]\w*)\s*,\s*true\s*\)\s*$/i.exec(e.ggbscript&&e.ggbscript.val||"");e._tgl=K&&T&&/play/.test(T)?K[1]:null}if(e._tgl){var V=k.byLabel[e._tgl];V&&V.anim&&V.anim.on&&(T="pause.svg")}A&&(M=A.latex?A.s.replace(/ /g,"\\;"):A.s);var B=e.bgColor?mt(e.bgColor):"#e0e0e0",et=E(e),J=M+"|"+B+"|"+et+"|"+(l?l.width+"x"+l.height:"")+(A&&A.latex?"L":"")+"|"+(T||""),q=F(e,"b","g");if(q._k!==J){q._k=J,Zt(q,"");var bt=Math.max(10,g.fs*Ot),kt=M?Q.rich(M,A&&A.latex?bt*1.05:bt,{color:et,bold:g.bold,italic:g.italic,latex:!!(A&&A.latex),sans:!!e.sansFont}):{w:0,a:0,d:0,svg:""},Nt=l?tt(l.width,40):Math.max(36,kt.w+(A&&A.latex?34:24)),Pt=l?tt(l.height,24):Math.max(26,bt+14);if(!l&&!M&&(Nt=26,Pt=26),H("rect",{x:.5,y:.5,width:Nt-1,height:Pt-1,rx:5,ry:5,fill:B,stroke:"#9a9a9a","stroke-width":1},q),M){var N=H("g",{transform:"translate("+x((Nt-kt.w)/2)+","+x(Pt/2+bt*.33)+")"},q);g.bold&&!e.sansFont&&(N.setAttribute("stroke",et),N.setAttribute("stroke-width","0.7"),N.setAttribute("stroke-linejoin","round")),Zt(N,kt.svg)}if(T){var X=H("g",null,q);Zt(X,Jr(T,Nt,Pt))}e._hit={x:u,y:c,w:Nt,h:Pt},q.setAttribute("data-act","1")}q.setAttribute("transform","translate("+u+","+c+")"),a.removeAttribute("display")}var hr=null;function Te(){var e=!1,a=!1;if(p.forEach(function(c){c.anim&&(c.anim.on||c.anim.has&&c.sl)&&(e=!0),c.type==="button"&&c.ggbscript&&/startanimation\([^)]*,\s*true/i.test(c.ggbscript.val||"")&&!(c.show&&c.show.object==="false")&&(a=!0)}),!(!e||a||d.noPlay)){var o=d.playPos&&d.playPos.x!==void 0?d.playPos.x:6,u=d.playPos&&d.playPos.y!==void 0?d.playPos.y:m.h-34;hr=H("g",{"data-act":"1",transform:"translate("+o+","+u+")"},y),H("rect",{x:0,y:0,width:26,height:26,rx:5,fill:"#fff",stroke:"#b0b0b0"},hr),hr._i=H("g",null,hr),hr._hit={x:o,y:u,w:26,h:26}}}function ze(){hr&&Zt(hr._i,k.running?Jr("pause",26,26):Jr("play",26,26))}function le(e,a){var o=e/a,u=Math.pow(10,Math.floor(Math.log(o)/Math.LN10)),c=o/u;return(c<=1?1:c<=2?2:c<=5?5:10)*u}function Ue(){var e=m.axisList||[],a=mt({r:m.axesColor[0],g:m.axesColor[1],b:m.axesColor[2]}),o="";function u(It){for(var pt=0;pt<e.length;pt++)if(e[pt].id===String(It))return e[pt];return null}var c=u(0),l=u(1),g=c?c.show!=="false":!0,_=l?l.show!=="false":!0;m.axes||(g=!1,_=!1);var M=R(0),T=z(0),A=8;function S(It,pt,Mt,Wt,xt){return'<text x="'+x(pt)+'" y="'+x(Mt)+'" font-size="'+Ot+'"'+(Wt?' text-anchor="'+Wt+'"':"")+(xt?' font-style="italic"':"")+">"+String(It).replace(/&/g,"&amp;").replace(/</g,"&lt;")+"</text>"}function K(It,pt){var Mt=pt&&pt.unitLabel,Wt=pt&&pt.tickExpression;if(Mt==="\u03C0"||Mt==="\u03C0"||Wt==="pi"){if(It===0)return"0";var xt=It;return(xt===1?"":xt===-1?"-":Q.fmt(xt,2))+"\u03C0"}return Q.fmt(It*(pt&&pt.unit?pt.unit:1),3)}if(g){o+='<line x1="0" y1="'+x(T)+'" x2="'+x(m.w-2)+'" y2="'+x(T)+'" stroke="'+a+'" stroke-width="1"/>',o+='<path d="M'+x(m.w)+" "+x(T)+"L"+x(m.w-A-1)+" "+x(T-3.5)+"L"+x(m.w-A-1)+" "+x(T+3.5)+'Z" fill="'+a+'"/>';var V=c&&(c.unitLabel==="\u03C0"||c.unitLabel==="\u03C0"||c.tickExpression==="pi"),B=c&&c.tickDistance?parseFloat(c.tickDistance):V?Dt:le(55,m.sx);V&&B<Dt*.99&&(B=Dt);for(var et=Math.ceil(-m.x0/m.sx/B),J=Math.floor((m.w-m.x0)/m.sx/B),q=et;q<=J;q++){var bt=R(q*B);bt>m.w-14||bt<16||(o+='<line x1="'+x(bt)+'" y1="'+x(T-3)+'" x2="'+x(bt)+'" y2="'+x(T+3)+'" stroke="'+a+'"/>',(!c||c.showNumbers!=="false")&&q!==0&&(o+=S(V?K(q,{unitLabel:"\u03C0"}):Q.fmt(q*B,3),bt,T+17,"middle")))}c&&c.label&&(o+=S(c.label,m.w-(d.axisLabelBelow?3:14),T+(d.axisLabelBelow?d.axisLabelBelow===!0?17:d.axisLabelBelow:-8),"end",!0))}if(_){o+='<line x1="'+x(M)+'" y1="'+m.h+'" x2="'+x(M)+'" y2="2" stroke="'+a+'" stroke-width="1"/>',o+='<path d="M'+x(M)+" 0L"+x(M-3.5)+" "+(A+1)+"L"+x(M+3.5)+" "+(A+1)+'Z" fill="'+a+'"/>';for(var kt=le(55,m.sy),Nt=Math.ceil(-(m.h-m.y0)/m.sy/kt),Pt=Math.floor(m.y0/m.sy/kt),N=Nt;N<=Pt;N++){var X=z(N*kt);X<14||X>m.h-10||(o+='<line x1="'+x(M-3)+'" y1="'+x(X)+'" x2="'+x(M+3)+'" y2="'+x(X)+'" stroke="'+a+'"/>',l&&l.showNumbers!=="false"&&N!==0&&(o+=S(Q.fmt(N*kt,3),M-7,X+4,"end")))}l&&l.label&&(o+=S(l.label,M+8,14,"start",!0))}Zt(n,'<g font-family="'+lr+'" fill="'+a+'">'+o+"</g>")}Ue(),this.dirty=!0,this.render=function(){v.forEach(function(a){a.type==="image"&&(a._corners=De(a))});for(var e=0;e<v.length;e++)try{nt(v[e])}catch(a){f._re||(f._re=[]),f._re.length<8&&f._re.push(v[e].label+": "+a.message)}ze()};function De(e){var a=[],o=e._sps||[];e._sps||(e._sps=e._allSP||[]);for(var u=e.startPoints||(e.startPoint?[e.startPoint]:[]),c=0;c<u.length;c++){var l=u[c],g=parseInt(l.number||"0",10),_=null;if(l.exp){var M=k.vals[l.exp];M&&M.k==="pt"&&(_={x:R(M.x),y:z(M.y)})}else l.x!=null&&(_={x:R(tt(l.x,0)),y:z(tt(l.y,0))});a[g]=_}return a}var zt=null;function Zr(e){var a=Y.getBoundingClientRect(),o=e.touches&&e.touches.length?e.touches[0]:e.changedTouches&&e.changedTouches.length?e.changedTouches[0]:e,u=Math.min(a.width/m.w,a.height/m.h)||1,c=(a.width-m.w*u)/2,l=(a.height-m.h*u)/2;return{x:(o.clientX-a.left-c)/u,y:(o.clientY-a.top-l)/u}}function _r(e,a,o){return o=o||0,e&&a.x>=e.x-o&&a.x<=e.x+e.w+o&&a.y>=e.y-o&&a.y<=e.y+e.h+o}function Ir(e){var a,o,u=null;if(Br&&_r(Br,e,3))return{kind:"reset"};if(hr&&_r(hr._hit,e))return{kind:"play"};for(a=C.length-1;a>=0;a--)if(o=C[a],!!k.visible(o)&&!(o.type!=="button"&&o.val===void 0)){if((o.type==="button"||o.type==="text")&&o.script&&_r(o._hit,e))return{kind:"button",el:o};if(o.type==="boolean"&&_r(o._hit,e))return fe(o)?{kind:"none"}:{kind:"check",el:o};if(o.type==="numeric"&&o.sl&&o._hit&&_r(o._hit,e,2)&&!(o.fixed&&o.fixed.val==="true"))return{kind:"slider",el:o}}var c=14;for(a=C.length-1;a>=0;a--)if(o=C[a],!(o.type!=="point"||!k.visible(o)||!o.val||!Z(o.val.x))&&!(o.fixed&&o.fixed.val==="true")){var l=o.free||o.cmd&&o.cmd.name==="Point"&&o.cmdArgs.length===1||!!(d.pointSliders&&d.pointSliders[o.label]);if(l){var g=R(o.val.x)-e.x,_=z(o.val.y)-e.y,M=Math.sqrt(g*g+_*_);d.pointSliders&&d.pointSliders[o.label]&&o._lbox&&_r(o._lbox,e,3)&&(M=Math.min(M,1)),M<c&&(c=M,u={kind:"point",el:o})}}return u}function ce(e,a){var o=e._hit,u=e.sl,c,l=e._grab||{x:0,y:0};u.horiz?c=(a.x+l.x-o.x1)/(o.x2-o.x1):c=(o.y1-(a.y+l.y))/(o.y1-o.y2),c=Math.max(0,Math.min(1,c)),k.userSet(e,u.min+c*(u.max-u.min))}function Vr(e,a){var o=d.dragFlags&&d.dragFlags[e.label];!o||!k.byLabel[o]||(k.setValueOf(o,a),k.update(!1))}function he(e){var a=Zr(e),o=Ir(a),u=f._sel;if(f._sel=o&&o.kind==="slider"?o.el:null,o&&o.kind==="point"&&d.pointSliders&&d.pointSliders[o.el.label]){var c=k.byLabel[d.pointSliders[o.el.label][0]||d.pointSliders[o.el.label][1]];c&&c.sl&&(f._sel=c)}if(f._sel)try{Y.focus({preventScroll:!0})}catch(J){}if(u!==f._sel&&f.render(),!(!o||o.kind==="none")){if(o.kind==="reset"){e.preventDefault(),f.reset();return}if(o.kind==="play"){if(k.running)k.running=!1;else{var l=p.some(function(J){return J.anim&&J.anim.on});if(!l){for(var g=0;g<p.length;g++)if(p[g].anim&&p[g].anim.has&&p[g].sl){p[g].anim.on=!0;break}}k.running=!0}f.render(),e.preventDefault();return}if(o.kind==="button"&&o.el._tgl&&k.byLabel[o.el._tgl]&&k.byLabel[o.el._tgl].anim&&k.byLabel[o.el._tgl].anim.on){k.byLabel[o.el._tgl].anim.on=!1,p.some(function(J){return J.anim&&J.anim.on})||(k.running=!1),f.render(),e.preventDefault();return}if(o.kind==="button"&&o.el.runToggle){var _=k.byLabel[o.el.runToggle];if(_&&_.anim){var M=!!(_.anim.on&&k.running);if(M)_.anim.on=!1,k.running=k.els.some(function(J){return J.anim&&J.anim.on}),_.anim.acc=null,k.userSet(_,0);else{o.el.script&&k.runScript(o.el.script);var T=o.el.runWith&&k.byLabel[o.el.runWith],A=o.el.runIf&&k.byLabel[o.el.runIf];T&&T.script&&(!A||typeof A.val=="string"&&A.val.length)&&k.runScript(T.script),_.anim.on=!0,k.running=!0}f.render()}e.preventDefault();return}if(o.kind==="button"){k.runScript(o.el.script),k.fireUpdate(o.el),f.render(),e.preventDefault();return}if(o.kind==="check"){k.userSet(o.el,!o.el.val),o.el.script&&k.runScript(o.el.script),f.render(),e.preventDefault();return}if(o.kind==="slider"){zt=o,o.el._dragging=!0,Vr(o.el,!0);var S=o.el._hit,K=o.el.sl,V=K.max>K.min?(o.el.val-K.min)/(K.max-K.min):0,B,et;K.horiz?(B=S.x1+V*(S.x2-S.x1),et=S.y1):(B=S.x1,et=S.y1-V*(S.y1-S.y2)),o.el._grab=Math.abs(a.x-B)<=12&&Math.abs(a.y-et)<=12?{x:B-a.x,y:et-a.y}:{x:0,y:0},ce(o.el,a),f.render(),e.preventDefault();return}if(o.kind==="point"){zt=o,d.pointSliders&&d.pointSliders[o.el.label]&&o.el.val&&(o.ox=R(o.el.val.x)-a.x,o.oy=z(o.el.val.y)-a.y),e.preventDefault();return}}}function Kr(e){var a=Zr(e);if(!zt){var o=Ir(a),u=o?"pointer":"default";Y.style.cursor!==u&&(Y.style.cursor=u);return}if(zt.kind==="slider")ce(zt.el,a);else if(zt.kind==="point"){var c={k:"pt",x:rt(a.x+(zt.ox||0)),y:at(a.y+(zt.oy||0))},l=d.pointSliders&&d.pointSliders[zt.el.label];l?[c.x,c.y].forEach(function(g,_){var M=l[_]&&k.byLabel[l[_]];!M||!M.sl||k.userSet(M,Math.max(M.sl.min,Math.min(M.sl.max,g)))}):zt.el.free?(zt.el.val=c,k.vals[zt.el.key]=c,k.update(!1)):(zt.el._dragP=c,k.update(!1))}f.render(),e.preventDefault()}function ye(e){if(zt){var a=zt.el;a._dragging=!1,zt=null,a&&(k.fireUpdate(a),Vr(a,!1)),f.render()}}var pe=0,Qr=!1;function Ze(e){var a=new Date().getTime();if(!(a-pe<700&&e.type!=="pointerdown")){if(e.type==="pointerdown")try{Y.setPointerCapture(e.pointerId)}catch(o){}pe=a,Qr=!0,he(e)}}function Ve(e){(zt||e.type!=="touchmove")&&Kr(e)}function xe(e){ye(e)}var de=["pointerdown","mousedown","touchstart"],Yr=["pointermove","mousemove","touchmove"],qr=["pointerup","pointercancel","mouseup","touchend","touchcancel"],jt;for(jt=0;jt<de.length;jt++)Y.addEventListener(de[jt],Ze,!1);for(jt=0;jt<Yr.length;jt++)Y.addEventListener(Yr[jt],Ve,!1),fr.addEventListener(Yr[jt],function(e){zt&&Kr(e)},!1);for(jt=0;jt<qr.length;jt++)Y.addEventListener(qr[jt],xe,!1),fr.addEventListener(qr[jt],xe,!1);Y.addEventListener("click",function(e){if(e.stopPropagation&&e.stopPropagation(),Qr){Qr=!1;return}he(e),ye(e)},!1),Y.addEventListener("dblclick",function(e){e.stopPropagation&&e.stopPropagation()},!1),Y.style.touchAction=ot.touchPan?"pan-x pan-y pinch-zoom":"none",ot.touchPan&&Y.addEventListener("touchstart",function(e){try{var a=Ir(Zr(e));a&&a.kind!=="none"&&e.cancelable&&e.preventDefault()}catch(o){}},!1),Y.setAttribute("tabindex","0"),Y.style.outline="none",Y.addEventListener("keydown",function(e){var a=f._sel;if(!(!a||!a.sl)){var o=e.key||e.keyCode,u=0;if(o==="ArrowRight"||o==="ArrowUp"||o==="Right"||o==="Up"||o===39||o===38)u=1;else if(o==="ArrowLeft"||o==="ArrowDown"||o==="Left"||o==="Down"||o===37||o===40)u=-1;else if(o==="Home"||o===36){k.userSet(a,a.sl.min),f.render(),e.preventDefault();return}else if(o==="End"||o===35){k.userSet(a,a.sl.max),f.render(),e.preventDefault();return}else if(o==="Escape"||o==="Esc"||o===27){f._sel=null,f.render();return}if(u){var c=a.sl,l=c.max-c.min,g=d.keyStep&&d.keyStep[a.label]||a.animation&&parseFloat(a.animation.step)||0,_=g>0?g:l/100;e.shiftKey&&(_*=10),k.userSet(a,a.val+u*_),Vr(a,!0),clearTimeout(a._kt),a._kt=setTimeout(function(){Vr(a,!1),f.render()},700),f.render(),e.preventDefault()}}},!1),Y.addEventListener("blur",function(){f._sel&&(f._sel=null,f.render())},!1);var Or=null;this.hitAt=function(e,a){try{var o=Ir(Zr({clientX:e,clientY:a}));return!!(o&&o.kind!=="none")}catch(u){return!1}},this.tick=function(e){Or==null&&(Or=e);var a=Math.min(.1,(e-Or)/1e3);Or=e,k.running&&k.animate(a*(d.animScale||1))&&f.render()};var Br=null;function Re(){if(!w||d.noReset)return;var e=d.resetPos||{},a=24,o=e.x!==void 0?e.x:m.w-a-5,u=e.y!==void 0?e.y:5,c=o+a/2,l=u+a/2,g=6.2,_=40*Math.PI/180,M=340*Math.PI/180;function T(kt){return[c+g*Math.cos(kt),l-g*Math.sin(kt)]}var A=T(_),S=T(M),K=-Math.sin(M),V=-Math.cos(M),B=-V,et=K,J=[S[0]+K*4.2,S[1]+V*4.2],q=H("g",{class:"ggb-reset",style:"cursor:pointer"},y),bt=H("title",null,q);bt.textContent=O("Reset"),H("rect",{x:o,y:u,width:a,height:a,rx:5,fill:"#ffffff","fill-opacity":.9,stroke:"#a0a0a0","stroke-width":1},q),H("path",{d:"M"+x(A[0])+" "+x(A[1])+"A"+g+" "+g+" 0 1 0 "+x(S[0])+" "+x(S[1]),fill:"none",stroke:"#555","stroke-width":1.8,"stroke-linecap":"round"},q),H("path",{d:"M"+x(J[0])+" "+x(J[1])+"L"+x(S[0]+B*3.4)+" "+x(S[1]+et*3.4)+"L"+x(S[0]-B*3.4)+" "+x(S[1]-et*3.4)+"Z",fill:"#555"},q),Br={x:o,y:u,w:a,h:a}}Re(),this.reset=function(){if(w){var e={},a;for(a in ot)ot.hasOwnProperty(a)&&(e[a]=ot[a]);e._raw=w;var o=new St(st,JSON.parse(w),e);Y.style.width&&(o.svg.removeAttribute("width"),o.svg.removeAttribute("height"),o.svg.style.cssText=Y.style.cssText);Y.parentNode&&Y.parentNode.replaceChild(o.svg,Y),G=!0,f._sel&&(f._sel=null),["eng","svg","render","tick","drawn","layers","X","Y","V","W","H","_topAt","reset","T"].forEach(function(u){f[u]=o[u]}),f._core=o}},Te();var Rr=null;p.forEach(function(e){var a=e.ggbscript&&e.ggbscript.val,o=a&&/ParseToFunction\(\s*([A-Za-z_]\w*)\s*\)/i.exec(a);o&&!Rr&&(Rr=o[1])});var Cr=H("text",{"font-size":11,"font-weight":"bold",fill:"#d00000",display:"none","font-family":lr},y);function Ge(){var e=Rr&&k.byLabel[Rr],a=k.plotError==="paren"?O("Unbalanced parentheses!"):k.plotError==="syntax"?O("Invalid formula!"):null;if(!a||!e||!k.visible(e)||!e._pos){Cr.setAttribute("display","none");return}Cr.textContent=a,Cr.setAttribute("x",x(e._pos.x)),Cr.setAttribute("y",x(e._pos.y+e._pos.h+9)),Cr.removeAttribute("display")}var $e=this.render;this.render=function(){$e.apply(f,arguments),Ge()},this.render(),this._topAt=Ir,this.V=m;var te=!0,ve=0,We=window.requestAnimationFrame||function(e){return setTimeout(function(){e(Date.now())},33)};if(typeof IntersectionObserver!="undefined")try{new IntersectionObserver(function(e){te=e[e.length-1].isIntersecting,te&&(Or=null)}).observe(Y)}catch(e){}(!ot||ot.autoStart!==!1)&&(function e(a){G||(te&&!(typeof document!="undefined"&&document.hidden)&&a-ve>=30&&(ve=a,f.tick(a)),We(e))})(0)}Q.Widget=St})(typeof window!="undefined"?window:this);





OEBPS/js/card-2_1.js
/* (c) Sandro Ronca. All rights reserved. Part of "Physics and Mathematics of the Rotating Magnetic Field". Copying, redistribution or reuse of this code and data without written permission is prohibited. */
(function(){var A="rmf-Ronca-2026",B=atob(""),E="",Q;for(Q=0;Q<B.length;Q++)E+=String.fromCharCode(B.charCodeAt(Q)^A.charCodeAt(Q%A.length));window.GGBDATA=window.GGBDATA||{},GGBDATA["2_1"]=JSON.parse(E)})();




OEBPS/js/card-7_1.js
/* (c) Sandro Ronca. All rights reserved. Part of "Physics and Mathematics of the Rotating Magnetic Field". Copying, redistribution or reuse of this code and data without written permission is prohibited. */
(function(){var B="rmf-Ronca-2026",A=atob(""),E="",Q;for(Q=0;Q<A.length;Q++)E+=String.fromCharCode(A.charCodeAt(Q)^B.charCodeAt(Q%B.length));window.GGBDATA=window.GGBDATA||{},GGBDATA["7_1"]=JSON.parse(E)})();



OEBPS/js/cards.js
/* Physics and Mathematics of the Rotating Magnetic Field (c) Sandro Ronca.
   Interactive cards: each picture is replaced by the live card when scripts run;
   on smartphones the picture stays: tapping it opens the card full screen in the browser (pinch to zoom).
   The card is sized with CSS in em, like the picture, so it follows the reader's text size;
   the column width, the screen height and the card's design size are upper limits. */
(function () {
  "use strict";
  var GROW = 1.4;           /* live card width = picture width x GROW (em) */
  var MAX_SCALE = 1.5;      /* never larger than this multiple of the card design size */
  var MAX_H = 75;           /* at most this % of the screen height (vh) */
  var PHONE = 500;          /* screens whose short side is below this (CSS px) are phones */
  var cards = [], timer = null;

  function isPhone() {
    var s = window.screen;
    if (!s || !s.width || !s.height) return false;
    return Math.min(s.width, s.height) < PHONE;
  }
  function setMax(el, parts) {               /* max-width: min(...) where supported, else the first part */
    el.style.maxWidth = parts[0];
    try { el.style.maxWidth = "min(" + parts.join(", ") + ")"; } catch (e) {}
    if (!el.style.maxWidth) el.style.maxWidth = parts[0];
  }
  function make(c) {
    if (c.w) return true;
    try {
      c.w = new GGB.Widget(c.host, JSON.parse(JSON.stringify(c.d)), { lang: "en" });
      var svg = c.w.svg;
      if (!svg.getAttribute("viewBox")) svg.setAttribute("viewBox", "0 0 " + c.vw + " " + c.vh);
      svg.removeAttribute("width");
      svg.removeAttribute("height");
      svg.style.position = "absolute";
      svg.style.left = "0"; svg.style.top = "0";
      svg.style.width = "100%"; svg.style.height = "100%";
      /* box with the card's proportions: padding in % is relative to the width, in every engine */
      var box = document.createElement("div");
      box.style.position = "relative";
      box.style.width = "100%";
      box.style.height = "0";
      box.style.paddingBottom = (100 * c.vh / c.vw).toFixed(3) + "%";
      box.appendChild(svg);
      c.host.appendChild(box);
      var h = c.host.style;
      h.width = c.emw ? (c.emw * GROW).toFixed(2) + "em" : "100%";
      setMax(c.host, ["100%", Math.round(c.vw * MAX_SCALE) + "px", (MAX_H * c.vw / c.vh).toFixed(1) + "vh"]);
      h.height = "auto";
      return true;
    } catch (e) {
      c.failed = true;
      if (window.console) console.log("card " + c.id + ": " + e);
      return false;
    }
  }
  /* on phones the picture stays, with a button to bring the live card into the page anyway */
  function addButton(c) {
    if (c.btn) return;
    var b = document.createElement("button");
    b.type = "button";
    b.className = "card-activate";
    b.appendChild(document.createTextNode("\u25B6 Use the interactive card here"));
    b.addEventListener("click", function (e) {
      e.preventDefault();
      c.wanted = true;
      b.style.display = "none";
      layout();
    }, false);
    var cap = c.f.querySelector("figcaption");
    if (!touchSeen) b.style.display = "none";   /* shown only once we know touches reach the page */
    c.f.insertBefore(b, cap);
    c.btn = b;
  }
  /* some readers (Kobo for Android) keep every touch for themselves: there a button would be dead,
     so the buttons appear only after the page has received a first touch or click */
  var touchSeen = false;
  function onTouch() {
    if (touchSeen) return;
    touchSeen = true;
    for (var i = 0; i < cards.length; i++) if (cards[i].btn && !cards[i].wanted) cards[i].btn.style.display = "";
  }
  ["touchstart", "pointerdown", "mousedown"].forEach(function (n) {
    document.addEventListener(n, onTouch, true);
  });
  function layout() {
    var phone = isPhone();
    for (var i = 0; i < cards.length; i++) {
      var c = cards[i];
      if (c.failed) continue;
      var live = (!phone || c.wanted) && make(c);
      if (live && phone) { c.host.style.width = "100%"; c.host.style.maxWidth = "100%"; }
      if (live) {
        if (c.f.className.indexOf(" live") < 0) c.f.className += " live";
      } else {
        c.f.className = c.f.className.replace(" live", "");
      }
    }
  }
  function later() {
    if (timer) clearTimeout(timer);
    timer = setTimeout(layout, 150);
  }
  var started = false;
  function init() {
    if (started || !window.GGB || !window.GGBDATA) return;
    if (!document.querySelector("figure.card")) return;   /* page not there yet: tried again later */
    started = true;
    var figs = document.querySelectorAll("figure.card");
    for (var i = 0; i < figs.length; i++) {
      var f = figs[i], id = f.getAttribute("data-card"), d = GGBDATA[id];
      if (!d) continue;
      var img = f.querySelector("img"), sw = img ? img.style.width : "";
      cards.push({ f: f, id: id, d: d, host: f.querySelector(".card-live"),
                   vw: d.view.w, vh: d.view.h, w: null,
                   emw: /em$/.test(sw) ? parseFloat(sw) : 0 });
    }
    layout();
    window.addEventListener("resize", later, false);
    window.addEventListener("orientationchange", later, false);
  }
  /* some reading systems (Kobo) never fire DOMContentLoaded for the book page: try in several ways */
  init();
  document.addEventListener("DOMContentLoaded", init, false);
  window.addEventListener("load", init, false);
  var tries = [100, 400, 1000, 2500, 5000];
  for (var t = 0; t < tries.length; t++) setTimeout(init, tries[t]);
})();




OEBPS/images/image1.png





OEBPS/images/image2.png
=

N TESLA
SLLOTRO XATRETIO Yo7,
No. 381,966, Patented Kay 1, 1688,






OEBPS/images/image4.png





OEBPS/images/image6.png





OEBPS/images/card-fig3_2.png
The Gauss Plane

IO3

Frequency

SQUIRREL CAGE ROTOR
@ — sLp

D LOAD TORQUE (Mechanical)

Rotation Reversal





OEBPS/images/card-fig2_5.png
Py

. /\
2 : frequency

Rotor (Synchronous)
Stator Magnetic Fields

time

e ——

D Coil Currents E] 1, only C] 1, only O I3 only
@ START / PAUSE

(c) Sandro Ronca - Made with GeoGebra





OEBPS/images/card-fig5_1.png
I G

L

----- Outgoing
@ Current
. Entering
Current

V4 Rotating Field Poles

V4l Rotor

t frequency
» START G . —. (c) Sandro Ronca - Made with GeoGebra





OEBPS/images/card-fig4_6.png
Fourier series expansion of the square wave H, ;. (first three terms)

air gap Hyp = %% sin(x—-B) + 3sm 3(x-B)+ sm 5(x-B) +.
—.
5=0.18
angular distance between slots Approximation of H, ;. with the fundamental sine wave (1st harmonic)
41
— Hyy = 558in(x - B)
0=0.6
® Approximation of the resulting H field with the fundamental sine wave
4 [
B=05 H= k, q 55sin(x-p)

(c) Sandro Ronca - Made with GeoGebra





OEBPS/images/card-fig7_2.png
3 i F(X,I) (c) Sandro Ronca - Made with GeoGebra

frequency

—o

Stopwatch image from: https:/imgbin.com





OEBPS/images/card-fig6_2.png
(c) Sandro Ronca - Made with GeoGebra

L

Iy

F1
(») srarmipause o /717 /W /W





OEBPS/images/card-fig7_6.png
Spatial Harmonics Fundamentals+ 3rd + 5th harmonics

Fundamentals 3rd harmonics 5th harmonics

[:] B;1cos(wt)sin(x) C] B1scos(wt)sin(3 x) C] Biscos(wt)sin(5 x)

[:] B,,cos(wt-211/3)sin(x- 21/3) D B,;cos(wt-211/3)sin[3(x- 211/3)] D B,scos(wt-211/3)sin[5(x- 211/3)]
D B, cos(wt-411/3)sin(x- 411/3) D Bjscos(wt-411/3)sin[3(x- 411/3)] D Bjscos(wt-411/3)sin[5(x- 411/3)]
V4| 5 fundamentals D 3 3rd harmonics D 3 5th harmonics

> t

(c) Sandro Ronca - Made with GeoGebra





OEBPS/images/card-fig2_1.png
D Description The Gauss Plane

I

Fs C] Magnetic FieldsD 2B; D resulting B
D Magnetic Poles D Field lines

PM ROTOR D Pole Pitch E] P. Axis

C] Current Controls D Coil Currents

frequency Reversal

@ F cw @— ccw

@ STARTIPAUSE (Y @

(c) Sandro Ronca - Made with GeoGebra





OEBPS/images/card-fig2_4.png
D Description The Gauss Plane

Fs Magnetic FieldsD 3B, D resulting B
Magnetic Poles O Field lines

C] PM ROTOR D Pole Pitch E] P. Axis

W4l Current Controls W4 Coil Currents
frequency Reversal . 11 max V4 1, only D I, only D 13 only
® F cw @— ccw
MAX 0 MAX 0

[E] START/PAUSE . o ﬁ msandmth GeoGebra





OEBPS/images/card-fig2_2.png
[:] Intro [:] 1 - The 3-phase system [:] 2 - Star & Delta G
A
B,V D 3 - Connections D 4 - Voltages & Currents

A .

E,

Three-Phase System Highlights

f[Hz] =50

(c) Sandro Ronca - Made with GeoGebra





