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Rydberg constant derivation
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BLACKET BOCH BOHM BOHM BOGLIE CANDLIN COMPTON DIRAC DAVISSON DEBYE EHRENFEST EINSTEIN EVERETT Fock Fermi Feynman Glauber Gutzwiller Heisenberg Hilbert Jordan Kramers Pauli Lamb Landau Laue Moseley Millikan Onnes Planck Rabi Raman Rydberg SchrAfa relates the time derived from the position expectation values
and the XEP Momentum operators for the value Expectation of Forcaf = V & € £ A2 (x) {\ Displaystyle f = -v '(x)} on a mass partiscula in a potential scalar v (x) {\ v displayStyle (x)}, [11mddt A¢ 4€4€ © =ApAA" ©,DDTesAA¢ © P =4a€ (X)A © others,. {\ Displaystyle m {\ frac {D} {dt}} \ langle x \ rangle = \ langle p \ rangle, \; \; {\ frac}
{dt}} \langle p \ rangle = - \ Lance Langle V '(x) \ Rangle ~.} Ehrenfest Theorem is a special case of a more general relationship between the Expectation of any quaric mechanic operator and the expected switch that operator with the Hamiltonian system [2] [3] ddt is for the toilet ¢[A, hl]a€fa€fa€fa€fa€fa€ fa€ fa€ fa€ fa€f {\ DisplayStyle \
frac {D} { DT}} \ Langle a \ rangle = {\ frac {1} {i\ hbar}} \ langle [A, h] \ rangle + \ left \ langle {\ frac {\ a partial} {\ partial t}} Right \ Rangle ~,} On that it is a quaric mechanic operator and the AA A © is the expected value. This most general theorem was not actually derived by ehrenfest (A: due to Werner Heisenberg). [Does item de fonts?]
He is more apparent in the heisenberg image of the quaric mechanic, where it is only the expected value of the HEISENBERG equation of movement. It provides mathematical support for the principle of correspondence. The reason is that Ehrenfest's theorem is closely related to Liouville's Hamiltonian Mechanical Theorem, which involves Poisson
support instead of a switch. Dirac thumb rule suggests that the quarter mechanical statements containing a switch corresponds to declarations in cldssica mechanic, where the switch is supplanted by a Poisson holder multiplied by Ian "A§. This makes the expected operator values obey clinical equations of corresponding movement, as long as the
Hamiltonian is in the four-way maximum in coordinates and moments. Case contrary, evolution equations can still remain approximately as long as the fluctuations are small. Relationship to classical physics, although, at first sight, may seem that Ehrenfest's theorem is saying that the mechanical expectation values Newton's classic equations, this nA
£ really the case. [4] If the pair (A-A © ¢ xa ¢ P ¢ A A ©) {\ displaystyle (\ Langle x \ rangle, \ Langle p \ rangle)} were Newton's second law to meet , the side of the right mA £ equaAS8A £ the second would be av ¢ a2 (A ¢ x ¢ A ©), {\ displaystyle V '\ left (\ left \ x Langle \ right \ rangle \ right)}, which typically in the © £ & © the same as the V a ¢ a2
x)¢Ao©. {\ DisplayStyle -. \ Left \ V Langle '(x) \ right \ rangle} If, for example, the potential V (x) {\ V displaystyle (x)} A © cA%bico (ie, proportlonal to X 3 { \ displaystyle x ~ {3}}) then a2 ava {\ displaystyle V '} A © quadrAjtica (proportional to x 2 {\ displaystyle} x ~ {2}). This means in the case of Newton's second law, the right side would be in
the form of AX A ¢ A © {2\ displaystyle \ x langle \ rangle ~ {2}}, while the Ehrenfest theorem in the estA; form of a 2 x {A ¢ © \ displaystyle \ Langle x 2 ~ {} \} rangle. The difference between these two quantities to the square of the uncertainty © X {\ displaystyle x} © and therefore non-zero. A excepAS§A £ occurs in the case where the motion
equaA§Aues sA £ clAjssicas the linear, i.e. © when {V\V © A} displaystyle quadrAijtica A2 and v ¢ {\ displaystyle V' } A © linear. In this special case, A%V ¢ (A ¢X¢ A ©) {\ displaystyle V '\ left (\ left \ Langle x \ right \ rangle \ right)} and VA ¢ ¢ a2 ( x) {A © ¢ \ displaystyle \ left \ langle V '(x) \ right \ rangle} agree. Thus, in the case of an oscillator
harmA'nico Wed ¢ ntico the £ posiASA the expected momentum and waited in the £ exactly follow the trajetAdrias clAjssicas. For general systems, the wave funA§A £ A © highly concentrated around a point x 0 {\ displaystyle x_{0}}, then ava a? (A ¢ X ¢ A ©) {\ displaystyle V '\ left (\ left \ Langle x \ right \ rangle \ right)} and Va ¢ ¢ a% (x) {a © \
displaystyle \ left \ Langle V' (x) \ right \ rangle} irAj be almost the same, since both the £ will be approximately equal to v ¢ a2 (x 0) {\ displaystyle V '(x_ {0})}. In this case, £ posiASA the expected and predicted impulse serAl approx1rnately traJectA3r1as follow the classics, at least for as long as the remains of funA§A £ wave located in the posiA§A £
[5]. £ Der1vaA§A the image in SchrAfdinger Suppose some system currently estAj in a A | Wed state ¢ ntico. If you want to know what time derivative Instant ¢ neo the expected value of A, which A ©, for the £ definiA§A, ddtA¢toaA¢A© =ddtA¢A«A|AA|d=3xaA'A¢|A¢t¢)AA|xd3+A«A¢|(AAt)|dx3+aA"A¢|The(A-a|t)=x
3dafter'A¢ |A¢t¢)AA|x+d3AAAAATAGCAO +A'AA|(A¢alt)dx3 {\ {\ displaystyle aligned comeAS8ar {} {\ frac {\ mathrm {d}} {\ mathrm {d t}}} \ Langle The \ = {& rangle \ frac {\ mathrm {d}} {\ mathrm {d t}}} \int\ Phi ~ {*} The \ phi\, \ mathrm {d} ~ {3} = x & \\\int \ left ( {\ frac {\ partial \ Phi ~ {*}} {\ partial t} } \ right)
\ phi\, \ mathrm {d} ~ {3} x + \int \ Phi © {*} \left ({ \ frac {\ A partial} {\ partial t}} \ right) \ phi \, \ mathrm {d} ~ {3} x + \int \ Phi ©~ {*} The \ left ({\ frac {\ partial \ Phi} {\ partial t}} \ right) \, \ mathrm {d} ©~ {3} = x & \\\ int \ left ({\ frac {\ partial \ Phi ~ * {} {} \} t partial } \ right) \ phi\, \ mathrm {d} ©~ {3} x + \ left \ Langle {\ frac {\ A
partial} {\ partial t}} \ right \ rangle + \ int \ Phi ~ {* } the \ left ({\ frac {\ partial \ ph1} {\ partial t}} \ right) \, \ ma THRM {d} ™ {3} x\ end {aligned}}} which we are integrating over the entire space. If we apply the equaASA £ SchrAﬂdlnger we found that A ¢ A | T=1Mig¢ A | {\ Displaystyle {\ frac {\ partial \ phi} {\ partial T}} = {\ frac {1} i {\
hbar}} M\ ph1} by taking the complex conjugate foundaa |T=A¢1¢IAA|HAA¢i=1toA|Theh. {\ DisplayStyle {\ frac {\ partial \ Phi ~ {*}} {\ partial T}} = - {\ frac {1} {i\ hbar}} \ Phi ~ {*} M ~ {*¥} = - {\frac {1} i {\ hbar}} \ Phi ~ * {h}.} [6] Note H = H ™ a, A © because the Hamiltonian Hermitian. Put on In the above equation we
have ddtA¢A4€¢ © =1i4€¢Aa€|(Ahaha)az|A, D3x+AA€fA€FfA€fA€fa€fa€fa€fa€ ceH =1 {\DisplayStyle {\ frac {D} {dt}} \langle a \ rangle = {{\ frac {1} {i\hbar}} \int\ phi ~ {*} (HA-HA) \ phi ~d ~ 3} x + \ left \ langle {\ frac {partial partial t} } \ right \ rangle = {\ frac {1} {i\ hbar}} \langle [A, h] \ rangle + \ left \ langle {\
frac {\ a partial} {partial t}} \ right \ Rangle.} Often (but not always) the operator is for that its derivative is zero and we can ignore the last term independent of time. Derivation in the Heisenberg image in the photo Heisenberg, the derivation is trivial. The Heisenberg image moves dependent on system time to operators instead of state vectors.
Beginning with the HEISENBERG DDT motion equation (t) =a (t)at + 11ia[a (t), h], {\ displaystyle {\ frac {d} {dt} } A (t) = {\ frac {\ partial A (t)} {\ partial t}} + {\frac {1} {I\ hbar}} [A (T), H],}, which may derive theorem Ehrenfest simply designing the heisenberg equation on | I A ~ © {\ Displaystyle | \ Psi \ rangle} by the right and Ata€ce |
{\ Displaystyle \ langle \ psi |} from the left, or take the expected value, soana€ e |[DDTA(T)|IA-© =AA" |Es¢a(t)at|IA-© + AA"|1TA[A(T), H]|IA- ©, {\ Displaystyle \ Left \ Langle \ PSI\ Left | {\ frac {D} {dt}} a (t) \ right | \ Psi\ RIGHT \ Rangle = \ Left \ Langle \ PSI\ Left | {\ frac {\ partial to (t)} {\ partial t}}} \ right | \ Psi \ rangle
+ \left \ Langle \ psi \ left | {\ frac {1} {i\ hbar}} [A (T),]\ Right H | \ Psi\ RIGHT \ Rangle,} We can pull the D / DT out of the first mandate from the state vectors are not dependent on the HEISENBERG image longer. Soddt A¢ A€ fA€fa€ fa€fa€fa€fa€fa€fa€f~ © \frac {d} {dt}} \rangle =\ left \ langle {\ frac {1 partial to (t)} {partial t}} \
right \ rangle + {\ frac {1} {i\ hbar}}} \ left \ langle [A (t), h] \ right \ rangle} Overall Example The expected values of the theorem, however, are the same in the image as Schrodinger We are going. For the very general exarnple of a large motion partlcle ina potentlal the hamiltonian is simply h (x, p,t) = p 2 2 m + v (x, t) {\ h displayStyle (%, p, t) =

{\ frac {P ™ {2}}}} {2m + V (%, t)} where x is the position of the particle. Suppose I wanted to know the instantaneous change in the expectation of the moment p. Using ehrenfest theorem, we have ddt Acd€¢coP=1Ia4" [p, h] AAA ' PaAA"=114€¢A€¢P, v(x t)] istry, {\ dlsplaystyle {\frac {d} {dt}} \ langle p\ rangle = {{\ frac {1} {1\
hbar}} \ langle [P, H] \ rangle + \ left \ langle {\ frac {partial} {partial t}} \ right \ rangle = {{{\ frac {1} {i\ hbar}} \langle [p, v (x, t )]\ Rangle,} Once the operator switches with P in itself and do not have any dependence on time. [7] When expanding-hand side, replacing p fora "A A ¢, we have DDTA¢a4€¢ © =a€aV (x,t) 4,4 xaz|DXes¢a
€«AZ|A¢ ¢ ¢ ¢x(v(x t)az|) DX a,. {\ Displaystyle {\ frac {D} {dt}} \langle p \ rangle =\ int \ phi ~ {*} v (x, t) {\ frac {partial} {\ partial x}} \ phi ~ - \int \ phi ™ {*} {\ frac {\ partial} {partial x}} (v (x, t) \ phi) ~ dx ~} After the application of the product rule in the second term, we have ddt A ¢ 4€ © = A€ £ | AV (x,t)to X AZ | DX es ¢ 4 €
«AZ|AA¢xv(x,t)az|DXes¢a€ A |AV (X, t)toXAZ|A, DX=Aa€«AZ |A(AXV(x,t)d2|A dx=ad€¢¢¢¢xv(x,t)=4€¢a€¢Ofa€o. {\ Displaystyle {\ begin {aligned} {\ frac {d} {dt}} \langle p \ rangle & =\ int {{*} v (x, t) {\ frac {partial} {partial x}} \ ~ phi dx- 4 € ~
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