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Formula for x component of a vector

How do you find the components of a vector. How to calculate the components of a vector. How to find the components of a vector.

In differential geometry, lie derived / "Li&" /, named after Sophus lie by WA ¥ ,. A ... ALEBODZIA ¥ "SKI, [1] [2] evaluates the change of a tensioning field (including scalar functions, vector fields and a shape), along the flow defined by another vector field. This changes is the invariant coordinated and therefore the lie derivative is defined in any
different manifold. Functions, tensioning fields and forms can be differentiated in relation to a vector field . If t are a tensioning field and x is a vector field, then t-lie derivative with X is denoted LX (t) {\ Displaystyle {\ MathCal {L} }}}}}}. The differential operator t € | LX (t) {\ Displaystyle t \ MAPSTO {\ MATHCAL {L}} {x} (t)} is a derivation of
the lybra from the underlying collector tensioning fields. The lie derivative moves with external derivative contraction in differential forms. Although there are many concepts to take a derivative in differential geometry, all agree when the expression being differentiated is a Function or scalar field. Thus, in this case, the word "lie" is discarded, and
one simply speaks of the derivative of a function. The lying derivative of a vector field y with relation to another X vector field is known as the "lie support" of xey, and is often denoted [x, y] instead of 1x ( y) {\ Displaystyle {\ mathcal {\ MathCal L}} {x} (Y)}. The space of vector fields forms a lying aelgbra with respect to this lying holder. The
derivative of lies is an infinite-dimensional representation of a lying aelgbra, due to the identity 1 [x, y] t = lltlyt 'lylxt, {\ displaystyle {\ mathcal {1}} {[x, y1} t = {\ mathcal {1}} {x} {\ mathcal {1}} {y} t- {\ mathcal {1}} {y} {\ MathCal {L }} {1}}} {1}} {1}} } t,} to any field of vector x and y and any tensor field T. considering vector fields as
infinitesimal flows generators (that is, unidimensional groups different diffemorphisms) in M, the derivative of lies is the differential of the representation of the diversity group in the tensioning fields, analogers to find representations of anointbra as infinitesimal representations associated with representation Group in the theory of lies group. There
are generalizations for spy fields, fiber bundles with differential forms of connection and value by vector. The attempt to motivate is an attempt to define the derivative of a tensioning field with a relationship a vector field would be to pick up the tensioning field components and take the directional derivative of each component with relation The
vector field. However, this definition is undesirable because it is not invariant in coordinate system changes, e.g. The ingenuous derivative expressed in polar or exferencing coordinates differs from the ingenuous derivative of the components in the Cartesian coordinates. In an abstract collector, such definition is meaningless and defined. In
differential geometry, there are three independent notions of major coordinates of tensioning fields: derivatives, derivatives in relation to connections, and the external derivative of tensors or differential shapes completely anti- symmetrical (covariant). The main difference between lies derivative and a derivative in relation to a connection is that the
last derivative of a tensioning field in relation to a tangent vector is well defined, even if It is not specified as extending the tangent vector to a vector field. However, a connection requires the choice of an additional geometric structure (for example, a riemannian mother or just an abstract connection) in the collector. In contrast, by taking a lie
derivative, no further structure on the collector is necessary, but it is impossible to talk about the lie derived from a tensioning field in relation to a single tangent vector, from the value of the lie derived from a tensioner field with a relation to an X vector field at a P point depends on the value of x in a of p, not just in the own p. Finally, the external
derivative of differential shapes do not require additional options, but it is only only well defined derivative of differential forms (including functions). Definition The lyrics derivative can be defined from several equivalent ways. To keep things simple, we started by defining the lie derivative acting in scalar functions and vector fields, before moving on
to the definition for the general tensors. The derivative (lie) of a function that defines the derivative of a function: M & € {\ displaystyle f: m \ to {\ mathbb {r}}} on a collector is problem because the difference quotment (f (x + h) 'f (x)) / h {\ Displaystyle \ TextStyle (F (x + H) -f (x)) / h} can not be determined while the displacement X + H {\
Displaystyle x + h} is undefined. The lie derived from a function of: M ~ & € r {\ Displaystyle f: m \ a {\ mathbb {r}} with respect to a vector field X {\ Displaystyle x} on a point P {\ Displaystyle p \ in m} is the function (Ix f) (p) =limt€ 0 f (p (t, p)) A ¢ 'f (p) t: m & € 'R, {\ Displaystyle ({\ mathcal {I}} {x} f) (p) = {{t\to 0} {\ frac {f (P (P, P))-F
(P)} {t}}: m\a {\ mathbb {R {R}}, where p (t, p) {\ Displaystyle p (T, p)}} is the point where the flow defined through the Vector field X {\ Displaystyle x} maps the Point p {\ Displaystyle p} at the time instant period t. {\ Displaystyle t.} In the neighborhood of t = 0, {\ Displaystyle t = 0,} p (t, p) {\ displaystyle p (t, p)} is the only soluance of the
system ddt p (t, p) = x (p (t, p)) {\ displaystyle {\ frac {d} {dt}} p (t, p) = x (p, p, p))} first order Autonomous (ie time -independent) Differential equations in tangent space TP (t, p) m {\ Displaystyle t {p (t, p) m}, with p (0, p) = p. {\ Displaystyle p (0, p) = p.} For a coordinate graph (U, q q) {\ Displaystyle (U, \ Varphi)} in the M, {\ Displaystyle M,
{DisplayStyle \ Displaystyle x\nu,} Leaveto " "simx:txua€ ¢a€¢a€c¢ca€c¢ca€te¢ {x}:t {x}ulto_ {\varphi(x)} {\ mathbb {R}} ~ {N}\ Cong {\ Mathbb {R}} {N} © {n}} Be the linear tangent map. The system above differential equations is more explicitly written as a DDT system ¢ A€ (p, p) =D q(t, p)x (p(t p)) {\ Displaystyle { \ frac
{\ d} {dt} \ varphi (p (t, p) = D\varphi _{p (t, p)}} x (p (t, p))} in RN, {\ Displaystyle {\ Mathbb {\ r}} ~ {n},} With the initial condition being q ~ 4 € (P (0, p)) = yeally q (p). {\ Displaystyle \ Varphi (P ( 0, p)) = \ Varphi (P).} It is easily verified that the solution p (T, P) {\ Displaystyle p (T, P) is independent of the choice to coordinate the graphic.
configuration 1 xf = & € jxf {\ Displaystyle {\ mathcal {1}} {x} f =abla {x} f} identifies the lies derivative of a function o with the directional derivative. The lie derivative of a vector field if xey are two vector fields, then a lie derived from y with respect ax also is known as the support of xey lies, and Sometimes it is denoted [x, y] {\ Displaystyle
Sometimes [x, y]1}. There are several approaches to define lie support RAS, all that are equivalent. We have listed two definitions here, corresponding to two definitions of a vector field given above: X and Y's lies support is given in local coordinates by LXY (P) = [x, y ] (p) = xy (p) A ¢, yx (p), {\ displaystyle {\ mathcal {1}} {x} y (p) =[x, y] (p) =\
partial {xx } Y (p) -\ partial {y} x (p),} where {displaystyle \ partial {x}} and {{\ displaystyle \ partial {y}}} denote the operations to take directional derivatives in relation to X and Y, respectively. Here we are treating a vector in N-dimensional space as an N-tuple, so that its directional derivative is simply the tuple consisting of directional
derivatives of its coordinates. Although the final expression 'xy (p) Ag, yx (P) {\ displaystyle \ partial {x} and (p) - \ partial {y} x (p)} appearing in this definition It does not depend on the choice of local coordinates, the individual terms, XY (P) {\ Displaystyle \ partial {x} and (p)} and A, yx (P) {\ Displaystyle \ partial {y} x (p)} depend on the
choice of coordinates. X and Y are vector fields in a collector M according to the second second then the LXY operator = [x, y] {\ Displaystyle {\ Mathcal {1} } {x} y = [%, y]} defined by the film [x, y]: C, one (m) ACA (H) {\ Displaystyle [x, y]: C ™ {\ Infty} (M) \ retharrow C ~ {\ Infty} (m)} [x, y] (f) = x (Y (f)) to Y (X (F)) {\ Displaystyle [x, y] (F) = x (Y
) -Y (x (£)}} is a zero-order derivation from O LGEBRA of smooth functions of H, that is, this operator is a field of vectors according to the second definition. The Lie derivative of a tensioning field definition in terms of streams Lie derivative is the speed with which the tensioning field changes under the space deformation caused by the flow.
Formally, given a differentiable (independent time) field of vectors X {\ Displaystyle x} in a smooth manifold, {\ h displayStyle,} leave i xt: mam {\ displaystyle \ gamma {x} ©~ {t }: H\ a m} the corresponding local flow EIX O {\ Displaystyle \ gamma {x} ~ {0}} identity map. From i x t {\ displaystyle \ gamma {x} {t}} is a local difeomorphism, for
each t {\ Displaystyle t} EPAM, {\ p Displaystyle \ in H,} the reverse (DP IXT) 1: Tix T (P) Mat P H {\ Displaystyle \ Left (D_ {P} \ Gamma {x} ~ {t} ~ "~ {7~ -1}:t {\ gamma {x} ~ t} (p) m\fort {p} h} of the differential (DP IXT) {\ displaystyle \ left (D_ {p} \ gamma {x} {t} ™ \right)} extends Only with HPT Homomorphism: t (Tix t (p) m) to t (t p
h) {\ displaystyle h {p} ~ {t}: t\left (t {\ gamma {x} ~ {t } (p)} m\right)\at (t {p} m)}, between the tensor algebras of the tangent spaces tix t (p) h {\ t displaystyle {\ gamma {x} ~ {t} (p)} m} and tp h. {\t_displaystyle {p} m.} In the same way, the decline map (i xt) p r: tix t (p) amatpam {\ displaystyle \ left (\ Gamma {x} ~ {t} \ right)
{p} ™ {*}: t-{\gamma {x} ™ {t} (p) ™ {*} h} fort {p } ~ {*} H} lifts for a single HPT tensioner Alebbra Homomorp Hism: t (tixt (p) tom) at (t p @ m). {\ Displaystyle H_ {p} ~ {t}: t\left (t {\ gamma {x} {x} ~ {t} (p) ~ {*} h\right)\at(t {p} ~ {*} H).} For each T, {\ Displaystyle t,}, there is no HPT Y tensioning field {\ Displaystyle h {p ©
{t} y} of the same valence as Y { \ Displaystyle y} 's. If y {\ Displaystyle y} is one (R, 0) {\ Displaystyle (R, 0)} - or (0, S) {\ Displaystyle (0, s)} -Type field tensioner, then the {\1} {{}} {x} {x} {x} {\ and displaystyle} {\ and displayStyle} via a vector field X {\ Displaystyle x} is defined in point p a m {\ p displayStyle \ H} in which to be LXY (P) = DDT
[t=0Hptlyixtm)=1lmtA¢Ohpt[yIxt(p)]toy (p)t. {\Displaystyle {\ Cal {1}} {x}y (p) = {\frac {d} {dt}} {\ Biggl |} {t =0} \left (H {p ~ {t } \left [y\ gamma {x} ~ {t} (p)\right]\ right]\ LIM {{T\ A 0} {\ frac {H {p} {t} \left [y\ gamma {x} ~ {t} (p)\right] -y]-y (p)} {t}}.} The resulting LXY field tensor {\ Displaystyle {\
Cal {1}} {x}} Y has the same validity, such as y {\ Displaystyle y '} s. Let's define now Let's give an alternative definition. The alternative definition for the Lie derivative of a following field tensioner from the following four axioms: axiom 1. The Lie derivative of a function is equal to the directional derivative of the function £. This is often expressed
by the film Ly F = Y (f) {\ Displaystyle {\ Mathcal {L}} {y} f =y (f)} axiom 2. The LIE obeys the following version of Leibniz rule: for any tensioner fields s and t, we have ly (s A €) = (LYS) at + SA (LYT). {\ Displaystyle {\ Mathcal {L}} {y} (S\ Otimes t) = ({\ mathcal {1}} {y} s)\ Otmes t + s\ opimes ({\ mathcal {1}} {Y} t)} axiom 3. LIE obeys
a rule derived leibniz with respect to contracting:. LX (T(Y1,A|, YN)) = (LX) (YL A|, YN)+ T((LXY1),A|,YN)+ A+ T-§ (Y1, A| (LXY N)) {\ Displaystyle {\ Mathcal {L}} {x} (t(Y_{1},6\1dots, y = ({\ mathcal {L}} {x}t)(y_{1} \ldots,y_ {n}) + t ({\ {L} mathcal} {x}y {1})LDNS,\ Y {n}) +\cdots +t(y_ {1}, \ldots, ({\ mathcal
{L}} {x}y_ {n}))} Axiom 4. OS LIE Derivados as derivative Exterior on AS Funenia: [LX, D] = 0 0 [{\ Mathcal {1}} {x}, d] = 0} If these axioms hetter, applying the lenters derivative LX {\\\\ mathcal {1} {x}} for the relationship DF (Y) =Y (f) {\ Displaystyle DF (Y) =Y ()} shows that LXY (f) =x (Y () 'y (x (x (x (x (f)) {\ Displaystyle {\
Dlsplaystyle {\ Mathcal {1}} {x}y @ =x(y ) -Y (x ()} that is one of the default definitions For lying support. The lie derived by acting in a differential form is the anti-fuster of the inner product with the external derivative. Then, if it is a differential form, Lya = Iyda A+ + diyy A+ + {\ Displaystyle {\ mathcal {1}} {y} \alpha =i {y} d\alpha
+ di_ {y} \ alpha.} This follows easily verifying that the expression shutdown with outer derivative, is a derivation (being a classified drift anti-machinator) and does the right thing in functions. Explicitly, let it be a type (P, Q) tensioning field. Considers that it is a multilingual map d1fferentiated of soft sections at = 1, the 2, ..., AP of the Bundle
Cotangent TM and Sections X1, X2, ..., XQ of the Tangent Packet TM, written T (A 1, AA *= 2, X1, X2, ...) R. Define the t-lies derivative along the truck (LYT) (A-1, 2 Ac¢€ [, x1,x2 Ac¢€ D=YCxALA A+2A¢€,x1,x2~%€ D) {\ Displaystyle ({\ Mathcal {L}} {y}t) (\alpha {1}, \alpha {2}, \ldots,x {1}, x {2},\ldots) =y (t (\alpha \1},\
alpha {2} \ldots, x_ {1}, x_ {2}, \ldots)}}}}}} (LYA1L,Ax2 ~ AA€ x1,x2A€¢€ ] A-t(A+ 2 +2Ac¢ca€ [, x1,x2 Acaet | {\ Displaystyle -t ({{\ mathcal {\ mathcal {\ mathcall}} {y}\alpha {1}, \alpha {2}, \l1ldots,x {1}, x {2}, \ldots) -t (\ alpha {1}, {\ mathcal {1}} {y} \alpha _ {2} \ ldots, x {1}, x {2}, \1dots) - \ldots} It
Ax1,Ax2A¢€], Lyx 1,x248, 4€+t4a€-T(A1,2A¢€ [, x1,Lyx2 ~a€ ™ {\Displaystyle -t (\ alpha {1}, \ alpha {2}, \1dots, {\ mathcal {1}} {y} x_ {1}, x_ {2}, \1dots) -t (\ alpha _ {1},\ alpha {2}, \ldots, x_ {1}, {\ mathcal {1}} {y} x_ {2} \ldots) - \ ldots} Analysis and alternative definitions can be proven as equlvalent using the
properties of the forcue rule of leibniz for differentiation. The lie derlvatlve will switch with the contraction. The lie derived from a differential way you also see: inner product A particularly important class of tensioning fields is the class of differential shapes. The restriction of lie derived to the space of differential forms is closely related to the
external derivative. Both the lie derived and the external derivative try to capture the idea of a derivative in different ways. These differences can be filled by the introduction of the idea of an internal product, after which the relationships fall as an identity known as Cartan's Formula. Cartan's Canyon can also be used as a definition of lies derivative
in the space of differential forms. Be M Being a Mauifold EX A vector field in M. Whether you are here> K + 1 (M) {\ Dlsplaystyle \ ~Mega \ in \ lambda ~ {K + 1} (M)} Be a (K + 1) -Form, that is, for each p'm {\ Displaystyle p \ in m}, a & ° °} {\ Displaystyle \ A'Mega (p)} is a multlhngual map alternating ( TPM) K + 1 {\ Displaystyle (t {p} m) © {k +
1}} for real numbers. The indoor product of XandAnqa€fa€fa€fa€fa€sffa aaaaa\\\\\\\\\\\aa\},XK)=Awisea€°(x,x1 ~4a€€]|,XK) {\ Displaystyle (i {x} \ A ~Mega) (X {1}, \LDots, X {k}) = \ A "mega (x, x_ {1}, \1dots, x_{k})\,} the differential form ix ~ {\ Displaystyle i {x} ~ A ~Mega} Called from the contractionto ~ 4 € °
CwithX, and I X: A®>K + 1 (m) &€ ¢ ®> k (M) {\ Displaystyle i_ {x}:\lambda ~{K+ 1} (m)\ rightarrow \ lambda ~ {k}}} {}}}}}} £ o. This is, I x {\ Displaystylei {x}}}}3}}}}}}}}}} andIx (Anc =~ ~ A ounce) = (Eux from )§A§AAt++ (1) kA€€a{{{aaaa{a {{{{{{{{{}}}} wedge \A"A¢AY% + (- 1) ~ ANIA \ wedge (i_ {x} \eta)} para A"
a° 4°> k (m) {\ displaystyle \ A ‘'mega \ in \ lamborda ~ {k} (m)} e A~ A- A- differential form. In addition, for f> 0 (M) {\ Displaystyle f\ in \ lambda ~ {0} (M)},}, this is a real or complex function in M, if you have x es 4 € e 4 € ce {\ Displaystylei {fx} \mega =f\,i {x}\ ~ mega} where fx {\ Displaystyle fx} denotes The product of Fe X. The
relationship between external derivatives and lie the derivatives can be summarized as follows. First, once the lie derived from a function in relation to an X vector field is the same as the directional derivative X (f), is also even if the contraction The exterior derivative of f com x: Ix f = i x df {\ displaystyle {\ mathcal {1} {x} f=1i {x}\ df} by a form
of general differential, the derivative of Lies is in the same way a contraction, taking into account the variation in X: Ixeel "A€°a€°a4€°a€°a€°a€°anq(q(q  ~ar). {\ Displaystyle {\ mathcal {1}} {x}\~Mega =i {x} d\"mega + d (i_{x} \ A" mega).} This identity is known several Times as Cartan Formula, Cartan Homotopy or Cartan
maglc fans. See the domestic product for details. The Cartan Formula can be used as a definition of the lie derivative in a differential way. The Cartan Formula shows in particular that D L X\ ™ = L X (fromnecom). {\ Displaystyle d {\ mathcal {1}} {x} \ es "mega = {\ mathcal {1} } {x} (d}).}.} The derivative of lies also satisfies the relationship £ £
q A€°=F1\q+ DF\A§q~ A€ °. {\ Displaystyle {\ mathcal {L}} {fx} \ ~Mega = F {mathcal {1}} {x} _mega + df \ wedge i {x} \ ~Mega.} Expressions of coordinates Note: The sum of Einstein Sum convention in repeated investments is used below. In the local coordinate notice, for a type of tensioner type (R, S) t {\ Displaystyle t {\
Displaystyle t}, thehederlvedalongX{\Dlsplaystylex} is(IXT)tol1A¢A€£|ARB14& a€|bs=xc(ctal|ARB14& a€|bs)A¢a€(Cxal)tca2A¢ARB1A¢a€|BsA¢a€|A a€|'(CxAR)tal|Aira€1CB1~a€£|BS+(A¢¢, blxc)tala€¢€|ARCB2A¢Aa€|BS+4a€|+ (A bsxc)tal|ARB14,a€|BsA¢a€|1C
{AWWWWWe {Aligned} ({\ Mathcal}} {x} t) ~ {A {1} \LDots A {R}} {} {B_{1}\LDotsB_{s}} =}} {} ex ™ {c} (\partial {c} t {c} t " {c}}\ldotsa_{r}} {} {b_{1}\ldotsb_{S}}) \ & {} - {partial _{c} x}} t {ca_ {2} \1ldotsa_{r}} {} {b_{1}\ldotsb_{s }} -\ldots - (\ partial _{c} x})t~ {r}})t}} {1} \ldots A_ {R-1} C} {} {B_ {1 }\
ldotsb {s}}}}}}}} {b {1}}x~ {chHt~{a {1} \ldotsa {r}} {} {CB_{2}\ldotsb {s}} + \ldots + (\ partial {b_{s}} x}} {A {1} \ldots A {r}} {} {B {1} \LDots B {S-1} C}}} {aligned}}} Here, note {xa {{\ Displaystyle \ partial {} = {\ frac {\ partial} {\ partial x {A}}} It means taking the partial derivative in relation to the coordinate
xa {\ Displaystyle x {A}}. Alternatively, if we are using a free torso connection (for example, Levi Civita connection ), then partial derivative {\ Displaystyle \ partial {A}} can be replaced p Elo derived Covariant mean replacing, an X B {\ DisplayStyle \ partial {A} x ~ {B}} with (for notion abuse) 4 € {x b = x; AB: = (4 €) to A°B=A°ACBxC {\
Displaystyle abla {A} x ©~ {b} =x {; A} ©~ {b}: = (ABLAX) {A} ©~ {\ b} =\partial {A} x {b} + {b}} {b} x~ {b} x ™ {c}} where the ~ "BCA = A®" CBA {\ Displaystyle \gamma {BC} {A} =\ gamma {CB} {} are the coefficients of Christoffel. The lie derived from a tensioner is another tensioner of the same type, that is, even if the individual
terms in the expression depend on the choice of the coordinate system, the expression as a whole results in a tensor (LXT)to 1 | ARB1 |BS & a4€1-ARA-DXB 1 °dxb 1 °dxbs {\ Displaystyle ({\ mathcal {1}} {x}t)~{A {1} {1} {}} } { {b_{1}\ldots B {S}}\Partial {A {A }} {1}} \ Otimes \ CDOOTS \ OTIMES \ Partial \ _{A_ {R}\\
OTHMES DX ~ { b_ {1}} \ Otimes \ Cdots} ~ {B_ {B_ {S}}}} which is independent of any coordinate system and the same as t {\ Displaystyle t. The definition can be extended even more for tension densities. If t are a tensioning density of some real weight with valued weight W (for example, weight volume density 1), then your lie derivative is a one
dens1dadedomesmotlpoepeso (LXT)ala|arb1A¢ |bs=Xc(ACTA1A|arb1A¢|bs)A(AcXuml)tca2alarb1A¢|bsA¢A¢|a(acXAR)tala|AralCB1A¢|bs++(ablXc)talalarcB2A¢|bs+a|+ (BSXc)talalarbl1A¢|bsalc+w(A¢cXc)tala]|arb1Ag¢]|bs {\{\ displaystyle comeA§ar {alinhados} ({\ mathcal
{L}} {X}T)~a {{1}\ldotsa {r}} {} {b {1}\ldotsb {s}} ={}&X "™ {c} (\parcial {c} T "™ {a_{1}\ldotsa {r}} {} {b {1}\ldotsb {s}})-(parcial {c} X"~ {a {1} T~ {CA_ {2}\ldotsa {r}} {} {b {1} \ldotsB {s}} -\ldots- (\parcial {c} X ™ {a {r}}) T~ {a {1} \ldotsa {r-1}c} {} {b {1}\ldotsb {s}} +\ & +
(\parcial b {{1}} X~ {cH T"~a {{1}\ldotsa {r}} {} {cb {2} \ldotsb {s}} +\ldots + (\parcial {b {s}} X~ {c}) T~ {a_ {1}\ldotsa {r}} {} {b {1}\ldotsb {s-1} c} + w(\parcial {c} X"~ {c}) T~ {a {1}\ldotsa {r}} {} {b {1 }\ldotsb {s}}\final {alinhados}}} Observe o termo novo no final da expressAfo. Para uma
ligaA§A£o linear i = (a- BCA) {\ displaystyle \ Gama = (\ Gamma _{bc ~} {a})}, o derivado se encontram ao longo X {\ displaystyle X} A© [3] (LX ct ) BCA=Xdadibca+abacXumBCDaladXa+idcaabXd+iA¢ BDA cXd {\ displaystyle ({\ mathcal {L}} {X}\Gamma) {bc ~} {a} =X ~ {d}\ parcial {d} \ Gamma {bc} "~ {a} +\
parcial {b} \parcial {c} X~ {a} -\ Gamma {bc} ™ {d} \parcial {d} X~ {a} +\ Gamma {dc} ~ {a} \par01a1 {b} X~ {d} +\ Gamma {bd} ™ {a} \parcial {c} X~ {d}} Exemplos Para clareza que se mostram os seguintes exemplos em coordenadas locais notaA§A£o Para um campo escalar I (xc) A f (H) {\ displaystyle \ phi (x ©~ {c}) \ na
{\ mathcal {F}} (M)} temos: (LXi) =X (I) =Xaaai{\ displaystyle ({\ mathcal {L}} {X} \phl) =X (\phi) =X ~ {a} \ _parcial {a} \ phi}. Assim, para o I campo escalar (x, y) = x 2 A sin A¢ Al(y) {\ displaystyle \ phi (x, y) = x ~ {2} -\'sin (y)} e o campo de vectores X = sen a Ai(x) AYAY 2 Um X {\ displaystyle X = \ sen (x) \ _parcial {y} -y ~ {2} \
{parcial x}} o derivado correspondente Lie torna-se LXi = (senaAj(x)aYaY2ax) (x 2 a sin A¢ A,(y)) = sin A¢ Aj(x) AY (X 2 um pecado A¢ A,(y)) AY 2 x (2 x um pecado A¢ Al(y)) = Asen a Aj(x) cos A¢ Aj(Y) a2 xy 2 {\ {\ dlsplaystyle comeAS§ar {alignedat} {3} {\ mathcal {L}} {X} \phi & = (\sen (x) \ _parcial {y} -y © {2} \ parcial {x}) x
{2} \'sin (y)) = & \\\ sen (x) \ _parcial {y } (x ©~ {2} -\sin (y)) -y ~ {2} \ _ parcial {x} (x ©~ {2} -\ sin (y)) = & \\ -\ sen (x) \ cos (y) 2xy ~ {2} \\\ final {ahgnedat}}} Para um exemplo de forma mais elevada diferencial c1a551f1caA§A£o considerar o 2-forma I = (x2 + y 2) dx Ac¢ A§ dz {\ displaystyle \ omega = (x ~ {2} +y ™ {2}) dx \ \cunha dz} e o
campo de vectores X {\ dlsplaystyle X} a partir do exemplo anterior. Em segulda IXi=d(@sinA¢Ajx)AYAY2ax ((x2 + y 2) dx A¢ A§dz)) +isenaAi Xx) AYAY2x(d(x2 + y 2) dx A¢ A§ dz)) =d (ya2(x+y22)dz)+isena Ai)AYAY2x(2 ydy A¢ A§ A¢ A§ dx dz) = (A 2 xy2dx + (A2 yx2 ady3)dy) A¢ Asdz + (2 y sin A¢ Aj(x) dx A¢ A§ dz
+2y3dy A¢ A§dz) = (A2 + Xy 2 2y sin A¢ Aj(x)) dx A¢ A§ dz + (A2 yx2a2y3)dy A¢ A§ dz {\ displaystyle {\ begin {alinhados} {\ mathcal {L}} {X} \omega & =d (i _{\sen (x)\parcial {y} -y ™ {2} \ parcial {x}} (X ™ {2} +y ~ {2}) dx\cunha dz)) +i {\sen (x)\parcial {y} -y ™ {2} \ parcial {x}} (d (X ™ {2} +v ™ {2}) dx\ cunha
dz)\N&=d(-y ~ {2} x ™~ {2} +y ~ {2})dz) +i_ {\sen (x)\ parcial {y} -y ~ { 2} \ _parcial {x}} (2ydy \ cunha dx \ cunha dz) \\ & =\ esquerda (-2xy ™ {2} dx + (- 2yx ™ {2} -4y ™ {3}) dy \ direita) \ wedge dz + (2y \ sin (x) dx \ wedge dz + 2y ™ {3} dy \ wedge dz) \\ & =\ left (-2xy ™ {2} + 2y \ sin (x) \ right) dx \ cunha dz + (- 2yx ~ {2} -2y ©
{3}) dy \ cunha dz \ final {alinhados}}} Alguns exemplos mais abstractos. LX (DXB) = X di (DXB) = d X b = a X bdxa {\ Displaystyle {\ mathcal {1}} {x} (dx ©~ {b}) =di {x} (dx ©~ {b}) =dx ™ {b} = partial {A} x ~ {B} DX ©~ {A}}. Therefore, for a covector field, that is, a differential form, A = AA (XB) DXA {\ Displaystyle a = a_{A} (x ©~ {b}) DX
~ {A}} We have: LXA = X (A) + DXA B LX (DXB) = (x Babaa + Baa A (x B)) dxa {\ displaystyle {\ mathcal {1}} {x}a=x(a_{a})dx ~ {a} + a_{b} {\ mathcal {1}} {x} (dx ~ {b}) = (x ~ {b} \ parcial {b}a {a} +a {b}\parcial {a} (x ™ {b})) dx ~ {b})) O coeficiente da A°ltima expressAfo A© a expressAfo local de coordenadas da mentira
derivada. Para um campo covariant 2 Tensor Field T = T AB (XC) DXA (DXB {\ displaystylet =t {ab} (x ~ {c}) dx ~ {a} \ otimes dx ~ {b}} : (Lxt) = (Ixt) abdxa-dxb = x (t ab) dxa dxa (dxb + t cb Ix (dxc) A"A;A% dxb + t acdxa A"A¢A% Ix (dxc) = (xc, CTAB + T Cb, AX C + T AC A° C, B x C) DXA A° DXB {\ displaystyle {\ comeA§o {alinhado} ({\
mathcal}} {x} T) & = ({\ mathcal {1}} {x}t) {ab} dx ~ {a} \otimesdx ~ ~ ~ {b} \ & =x (t_ {ab}) dx ©~ {AB}) \ otimes dx ~ {b} + t {\ mathcal} {\ mathcal {1}} {x} (dx ~ {c} \ otimes dx ~ {b} +t_{ac} dx © {a} \ otimes { \ mathcal {1}} {x} (dx ~ {c} W& = (x ©~ {c} \parcial {c}t {ab} +t {cb}\parcial } {cb}\{c} +t {ac}\
parcial _ {b} x ™ {c})dx ~ {a} \ otimes dx {b} \\ end {alinhado}}} se t = g {\ displaystyle t = G} A© o tensor mA©trico simA©trico, A© paralelo em relaA§Afo A conexAfo Levi Civita (tambA©m conhecido como derivado covariant), e torna-se frutAfero usar a conexAfo. Isso tem o efeito de substituir todos os derivativos com derivados
covariantes, dando (Ix g) = (x cgab; ¢ + gcb x; ac + gac x; bc) dxa-dxb = (x b; a + x a; b; ) DXA A° DXB {\ displaystyle ({\ mathcal {1}} _ {x} g)=x" {ctg {ab;c}+g {cb}x {;a} "~ {;a} "~ {;+g {AC}x {;b} "~ {c})dx ™ {a} \otimesdx ™ {b} = (x {b; a} + x {a; b})dx ©~ {a} \ otimes DX ~ {b}} Propriedades O derivado da mentira tem
vAjrias propriedades. Seja f (m) {\ displaystyle {\ mathcal {f}} (m) ser a Ajlgebra de funA§Apes definidas no coletor M. entAfo LX: f (m) & 'f (m) {\ displaystyle {\ mathcal {L}} {x}: {\ mathcal {f}} (m) \ righttarrow {\ mathcal {f}} (m)} A© uma derivaA§A£fo na Ajlgebra f (m) {\ displaystyle {\ mathcal {f }} (M). Isto A©, 1 x {\ displaystyle {\
mathcal {I}} {x}} A© linearr-linearelx (fg)=(xf) g+ flxg. {\ displaystyle {\ mathcal {1}} _ {x} (fg) = ({\ mathcal {1}} _ {x} f) g + f {\ mathcal {1}}} {x} g.} similarmente A© uma derivaA§Afo em f (m) {\ displaystyle {\ mathcal {f}} (m) \ vezes {\ mathcal {x}} (m)} onde x (m) {\ displaystyle {\ mathcal {x}} (m)} A© o conjunto de campos
vetoriais em m (cf. Teorema 6 do artigo: Nichita, teorias de unificaA§Afo FF: novos resultados e exemplos. Axiomas 2019, 8, 60): LX (FY) = (Ix f) y + flxy {\ displaystyle {\ mathcal {1}} {x} (fy) = ({\ mathcal {1}} {x} f) y + f {\ mathcal {} L}} _{x} y}, que tambA©m pode ser escrito na notaA§A£o equivalente LX (F A"A;A%) = (Ix f) A"A:AYs
A AsAY: {\ displaystyle {\ mathcal} } _ {X} (f\ otimes y) = ({\ mathcal {1}} _ {x} f) \ otimes y + f\ otimes {\ mathcal {1} }} {x} y} onde o produto tensor SAmbolo A° - {\ displaystyle \ otlmes} A© usado para enfatizar o fato de que o produto de um horAjrio de funA8Afo um campo de vetor estA;j sendo tomado por todo o coletor. Propriedades
adicionais sAfo consistentes com a do ¢ suporte de mentiras. Assim, por exemplo considerado como uma derivaA§Afo em um campo de vetor, Ix [y, z] = [Ixy, z] + [y, 1xz] {\ displaystyle {\ mathcal {1}} _{x} [y, z] = [{\ mathcal {1}} _{x}y, z] + [y, {\ mathcal {1}} _{x}}} {x} z]} um encontra o acima da identidade do jacobi. Assim, um tem o resultado
importante que o espaA§o de campos vetoriais sobre m, equipado com o suporte de mentiras, forma uma Ajlgebra de mentira. O derivado de mentira tambA©m tem propriedades importantes ao atuar em formas diferenciais. Seja a ‘e as duas formas diferenciais em m, e deixar X e Y serem dois campos de vetores. EntAfo LX (aA§ A§ A§) = (LX a) A§ As
A§ A§ (Ix p) {\ displaystyle {\ mathcal {I}} {x} (\ alpha \ wedge \ beta) = ({\ mathcal {1}} _{x} \ alfa) \ wedge \ beta + \ alpha \ cunha ({\ mathcal {1}} {x}}} [Ix,ly]a: = Llly a 'lylx a = 1[x, y] a A+ {\ displaystyle [{\ mathcal {1}} _{x}, {\ mathcal {1}} {y}]\alfa: = {\ mathcal {1}} {x} {\ mathcal {I}} {y}\- {\ mathcal {1}} {y} {\ mathcal
{13y {13y {13y {3y {13y {13} {13} {1}} } alfa = {\ mathcal {1}} {[x, yI}\alfa} [Ix,iyla =[ix lyla=1il[x, yl a A+ {\ displaystyle [{\ mathcal {1}} {x},i {y}]\alfaalfa {L}} {y}]\alpha=1i {[x, yl} \alpha,} where it denotes the indoor product set above and it is clear if [A - - -] denotes the switch or support of vector field lie.
Generalizations Various Generalizations of Lies Derivative play an important role in differential geometry. The lie derivative of a spinning field a definition for lying derivatives of thorns along fields of genetic spaceships, not necessarily killing them, in a general riemannian collector (pseudo ) It was already proposed in 1971 by Yvette Kosmann. [4]
Later, a geometric structure was provided that justifies its ad hoc prescription within the general framework of lie derivatives in fiber packages [5] in the explanatory context of natural caliber packets Most appropriate arena for (meter-covariant) field theories. [6] At a particular spin collector, this is on a Riemannian (M, G) collector {\ Displaystyle

(M, G)} admitting a rotation structure, the lie derived from a spinning field A {\ Displaystyle \ psi} can be defined by first defining it in relation to infinitesimal isometries (killing vector fields) through the local expression of AndrA © lichpowicz givenin 1963: [7]LX :=xa&a€ "~~~ "~~~ "~ 'B A3 B\ q, {\ Displaystyle {\ Mathcal {L }} {x}}:=x"
{A} {}\psi-{\frac {1} {4}} abla {A} x {b}\gamma ~ {A} \ gamma "~ {b} \ psi\} where & € ;™ [axb] {\ displaystyle abla {A} x {b} = ABLA {[A} x {bl}}, such as x = xa \ Displaystyle x = x ~ {A}} {A}} It is assumed to be a murder of vector field, Eya {\ Displaystyle \ gamma ~ {A}} are dirac. It is then possible to extend Lichpowicz
definition to all vector fields (infinitesimal genetic transformations), retaining local lichpowicz expression for a genetic vector field x {\ Displaystyle x}, but explicitly taking the anti-rich part of 4 € ™ axb {\ Displaystyle abla {A} x {B}} only. [4] More explicitly, the local expression of Kosmann given in 1972 it is: [4] Lx\\00 ounceq -~ ~ ~ An ~ An

ounce [axb] [a, yp] =4 € cel4 (dx AA° {{aaaa} {\ Mathcal {1}} {x} \psi: =x ~ {A} \ psi- {\frac {1} {8}} abla {[a} x {b]} [\ gamma ~ {A}, \ gamma "~ {b}]\psi\, = ABLA {x}\psi- {\frac {1} {4}} (dx ~ {\flat})\ cdot \ psi\,,} where [ya, 3 b] = yab A3 3 3} {\ displaystyle [\ gamma "~ {A }, \ gamma "~ {b}] = ~ gamma "~ {b} - gamma ~ {b}\
gamma ~ {A}} is the switch, D {\ Displaystyle d} is derived exterior, x A ¢ = g (x, «) {\ Displaystyle x {\ flat} = G (x, -)} is the double form 1 corresponding AX {\ Displaystyle x} the meter ( That is, with low sites) and "{\ Displaystyle \ cdot} is the multiplication of Clifford. It is worth noting that the Spinor derivative is independent of the medication
and therefore also connection. This is not the right side of Kosmann's local expression, such as LA of the right seems to depend on the method through the spin connection (covariant derivative), the dualization of the vector fields (reduction of the investment) and the clifford multiplication in the package of Spit. This is not the case: the quantities on
the right side of Kosmann's local expression combine in order to make all the terms of the media and dependent connection cancel. In order to obtain a better understanding of the concept of Dark Dark Derivative of Spinor fields, it can be referred to the original article, [8] [9], where the definition of a lyrics derivative of Spinor fields is placed in the
most general structure of the theory of lying of fiber packet sets and the direct approach by Y. Kosmann for the Spinor case is widespread to evaluate natural packets in the form of a new concept Geometric named Kosmann Lift. Derivativo de Lie If we have a main package on the collector M with g as group of structure, and we choose X to be a
covariant vector field as section of the package tangent space (that is, it has horizontal and vertical components), so the derivative of the covariance is only the derivative of lie lie £ Interface to the X on the main beam. Now, if we will we are taking a Y vector field on M (but £ oo main package), but we will Tamba © m have an associated £ o on the
main package, we can define a vector field X on the main package so that its corresponding horizontal component Y and its vertical component agrees with the ligaA§A £. © is the Lie derivative covariant. See related form of the £ for more details. Another Lie derivative NijenhuisA ¢ £ the generalizaA§A due to Albert Nijenhuis, set the Lie derivative of
a differential form along either the secA8A £ I © beam k (M, TM) differential forms with values in the tangent bundle. If Ka i ¢ AOkM, TM)and © I + a p-differential form, then the © possible to define the inner product IKI A + + Kand I. The NijenhuisA derivative ¢ Lie A © then the anticommutator the inner product and outer derivative LK1 < +
=[d,iK]iA+=diKi+a(A1)K1Kidi+ A. {\DisplayStyle {\ mathcal {L}} {k}\alpha =[d,i {K}]\alpha =di {K}\alpha-(-1)~ {k-1}i {K}\, d\alpha. story} in 1931 AW WA adysA lebodziA ski introduced a new differential operator, later called by David van Dantzig that the Lie derivaA§A £ which can be applied to scalar, vector, and
tensor related Connections and that proved to be a powerful tool in the study of automorphisms groups. The Lie derivative of general trophic © geometric objects (i.e. ©, secA§Apes of natural fiber bundles) were studied by A. Nijenhuis, Y. Tashiro, K. Yano. For a very long time, phasic were derived using Lie without referA2ncia the working
matemAiticos. In 1940, WOOL A © on Rosenfeld [10] and before him (in 1921 [11]) Wolfgang Pauli [12] A ¢ introduced what he called a A ¢ variationA local A A A {\ displaystyle \ delta ™~ {\ ast}} to a geometric object knitting © {\ displaystyle one \,} £ transformaA8A induced by an infinitesimal coordinate generated by an X vector field {\ displaystyle
x \,}. One can easily prove that his Au A ¢ {\ displaystyle \ delta ~ {\ ast} a} © one LX (A) {\ displaystyle - {\ mathcal {L}} {X} (A)\, }. See tamba Connection £ © m covariant derivative (matemAjtica) Frédéric support AflicherA ¢ © Nijenhuis geoda sodium Killing Derivative exponential map ~ Notes field Trautman, A. (2008). "Observations on the
story of the noA§A £ £ diferenciaA§A the Lie". In KrupkovA Aj, The.; Saunders, D. J. (eds.). Variations, geometry and phasic: In honor of Demeter KrupkaA ¢ s anniversary sexagA © simo fifth. New York: New Science. pp.A 297A 302. ISBNA 978-1-60456-920-9. The lebodziA ~ ski, W. (1931). "Sur les A A © quations Hamilton." Bull. Acad. Roy. d. Belg.
17 (5): 870 864A ¢. ~ Yano, K. (1957). The Theory of Lie derivatives and their applications. North-Holland. P.A 8. ISBNA 978-0-7204-2104-0. A B C ~ kosmann, Y. (1971). "DA A © Riva A © es des spineurs Lie". Ann. Belt. Pure Appl. 91 (4): 395 317A. doi: 10.1007 / BF02428822. ~ Trautman, A. (1972). "Invariance of Lagrangian Systems." In
O'Raifeartaigh, L. (ed.). General Relativity: © is in honor Pope J. L. Synge. Oxford: Clarenden Press. P.A 85 ISBNA 0-19-851126-4. ~ Fatibene, G.; Francaviglia, M. (2003). Natural and Natural gauge formalism to clAjssica field theories. DordRecht: Kluwer Academic. ~ Lichnerowicz, A. (1963). "Harmoniques Spineurs". C.R. Acad. Ci. Paris. 257: 9 ~
Fatibene 7a, G,. Ferrari, M.; Francaviglia, M.; Godina, M. (1996). "A £ definiA§A the geometric © tric derived Lie to spinor fields". In Janyska, ]J.; Kola AjA, I.; Slova Ajk, J. (eds.). Proceedings of the International Conference on 6A2 Geometry and Applications Differential, August 28thA ¢ September 01, 1995 (Brno, Reptblica Checa). Brno: Masaryk
University. pp.A 549A ¢ 558. arXiv: gr-qc / 9608003v1. Bibcode: 1996gr.qc ..... 8003F. ISBNA 80-210-1369-9. Godina ~, M.; Matteucci, P. (2003). "Reductive L-structures and Lie derivative." Journal of Geometry and Physics. 47: 86 66. arXiv: matemAitica / 0201235. bibcode: 2003]JGP .... 47 66g. DOI: 10.1016 / S0393-0440 (02) 00174-2. ~ Rosenfeld,
L. (1940). "On the pulse tensor-ef © Nergie". MA A A © Moirures Acad. ACAD. d. Belg. 18 (6): 1 4 € ™ 30. Pauli Book on Relativity. ~ Pauli, W. (1981) [1921]. Relativity Theory (First Ed.). New York: Dover. -0-486-64152-2. See the section 23 AbraA £ o References, Ralph; Marsden, Jerold E. (1978). Mechanical foundations. London: Benjamin-
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(1993). Natural operations in differential geometry. Springer-Verlag. Extensive discussion of brackets and the general theory of lie derivatives. Lang, S. (1995). Manifolds Differential and Riemanacos. Springer-Verlag. ISBN 97-0-387-9438-1. For generalizations to endless dimensions. LANG, S. (1999). Fundamentals of differential geometry. Springer-
Verlag. ISBN 978-0 -387-98593-0. For generalizations to endless dimensions. Yano, K. (1957). The theory of lie derivatives and their applications. North-Holland. ISBN 97-0-7204-2104-0. Classical approach using coordinates. External links "Due derivative", encyclopes Matematica, EMS Press, 2001 [1994] Recovered from " https: // en.
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