Phys 102: Modern Physics

Course survey

Course introduction
Office hour

Reviews

— Wave properties

— Schrodinger equation

— Bound and unbound states
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1.1 When t=0
Amplitude = Distance from the middle to the crest
Wavelength (A) = Distance from crest to crest

1.2 When position is fixed

Period (T) = Time between passage of two successive crests
Frequency (v) = Number of crest passing per unit time
Relationship between T and v: v=1/T

1.3 Define
Angular frequency(w) = 2rt v
Angular wave number(k) = 2r/ A
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1.4 Momentum (p) =

1.5 Energy quanta (E) =

1.3 Define
Angular frequency(w) = 2rt v
Angular wave number(k) = 2r/ A



Wave properties

Whent=10
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1.5 Energy quanta (E) = hew
1.3 Define

Angular frequency(w) = 2rt v
Angular wave number(k) = 2r/ A



Schrodinger Equation

Hamiltonian operator (H)

HY¥(x,t) = E¥(x,t)



Schrodinger Equation

Hamiltonian operator (H)
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Since H = Total Energv = Kinetic energv (T) + Potential energv ()

(Z+0) 90 = E¥(x,0)
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Schrodinger Equation

Hamiltonian operator (H)
HY¥(x,t) = E¥(x,t)
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Time-Dependent Schrodinger Equation
~k% glw (xt) d Wixt)
Zm Axt dt

+U(x)¥(x,t)=1ih



Schrodinger Equation

‘Time-Dependent Schrodinger Equation

—k% glw (xt) ey OW(xt)
— = T Ulx)¥(xt)=1ih 3

U(x) = Potential energv (position dependent)
W(x,t) = Wave function of a particle
¥ (x,t) involves real and imaginary parts (Re ¥(x,t) +ilm ¥(x, t)) where #=- 1.



Schrodinger Equation

‘Time-Dependent Schrodinger Equation

—k% glw (xt) ey OW(xt)
— = T Ulx)¥(xt)=1ih 3

U(x) = Potential energy (position dependent)

W(x,t) = Wave function of a particle

W(x,t) involves real and imaginary parts (Re W(x,t) +iIm ¥(x,t)) where #=-1.
L9 (6 0¥ (x,)dx= [ ¥ (x,t)|* dx = P (Probability of finding the particle
between a and b at time t).

W (x, t)¥ (x,t) = |¥ (x, t)|? represents probability density.

_I"_i ¥ (x,t) |* dx =1 (normalization)

W(x,t) should be normalized for |¥ (x, t)|* to represent probability density.
¥ (x,t)

X

W(x,t) and its partial derivative (= ) should be continuous evervwhere.



Schrodinger Equation

‘Time-Dependent Schrodinger Equation

—k% glw (xt) ey OW(xt)
— = T Ulx)¥(xt)=1ih 3

Separation of Variables ¥(x,t) =y (x) ¢(t)
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‘Time-Dependent Schrodinger Equation
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Schrodinger Equation

‘Time-Dependent Schrodinger Equation

—k% glw (xt) ﬂ'll-'lx.t:l
— = T Ulx)¥(xt)=1ih

Separation of Variables ¥(x,t) =y (x) ¢(t)
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+U(x)=ih

= Constant (C) = Constant (C)



Temporal part
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Temporal part
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W (x,t) = (x) () =(x) e HE/ME

P (¥ (x5 t) =) e Y () e TR =y ()" p(x)



Schrodinger Equation

‘Time-Dependent Schrodinger Equation

—k% glw (xt) ey OW(xt)
— = T U(x)¥(x,t)=1ih 3
Separation of Variables W(x,t) =vy(x) o(t)
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Spatial part of ¥(x,t): o 90 ae? +U(x)=C
: g 1 Féle) _
Temporal part of ¥(x, t): ik FYRRR

time-independent Schrodinger Equation:

—k% %)

D+ U@ () =E ()




Bound vs. unbound states

time-independent Schrodinger Equation:

—h* 8% (x) _
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0 x <0
Ux)={ U, 0<x <L E

0 x =L




Bound vs. unbound states

Infinite Well oo oo
U[x} f 1 A
oo x=0
U{x}=[ 0 0<x<1L
oo x= L
E x
Finite Well

U, x=0
U[x}={ﬂ 0< x<L

U, x=1L




Bound vs. unbound states
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Bound vs. unbound states

time-independent Schrodinger Equation:

D L U@ W) =E v ()

—il
2m

U(x)




Bound vs. unbound states

time-independent Schrodinger Equation:
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+ U(x) ¥(x) =E ¢(x)
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Bound vs. unbound states

time-independent Schrodinger Equation:

—k2 a.px}

2m

+ U(x) ¥(x) =E ¢(x)

—K? a“z,tux}
U(x) B
—— - =Ey(x)
E
£} X
cutsy o [2mE
a:;:-.} _ Eﬁ,[ )=- k2 P(x) wherek = _'qll ﬁ:I.E
Solutions:

e %% = coshx + i sinkx for a particle moving in the positive direction (=) on the x axis.

e "% = coskx - i sinkx for a particle moving in the opposite direction () on the x axis.



Bound vs. unbound states

time-independent Schrodinger Equation:
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Bound vs. unbound states

time-independent Schrodinger Equation:
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Where x < 0. Where x =0




Bound vs. unbound states

time-independent Schrodinger Equation:
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Bound vs. unbound states

time-independent Schrodinger Equation:
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Where x < 0, Where x =0
— - -
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Pl P(x)=—k*¢(x) wherek = = e S P(x)=—k""yY(x) wherek'= Jw 5
Y. .o = Incoming wave function + Reflected wave function U,. o — the transmitted wave function,
_ A gtk + Be-ikx *
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Bound vs. unbound states

time-independent Schrodinger Equation:
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Bound vs. unbound states

time-independent Schrodinger Equation:
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Bound vs. unbound states

time-independent Schrodinger Equation:

—k* 3 \b _::}
220 L U@ ) =E P
U(x) U(x)
0 x<=0
=k mmmmmmmmmmmmm]-m - === | 3
U[x] {UI} r =0 E ﬁ
U, Uy
A E L LERELE] DRI TERTE >
X x
Where x ~=:: 0. Where x =0
— . p—
E‘za,b':x} —2m E _ |2mE E'zr,f.ll‘x} —2m(E-U,) _ 2 ; _|2miE-Uy)
P P(x)=—k*P(x) wherek = N Py Ylx)=—Kk"1(x) wherek'= N
Y. .o = Incoming wave function + Reflected wave function Y., — the transmitted wave function.
— _»."-"L E+zkx + B e—zkx - P a CE_H
P —
* Yooo(x=0)=v,.,(x=0) > A+B=C a= [
dﬁi"x{n d’i"x}n —_ 1‘ ’
dee |x:I} dx |x=|} _)k(A—B)——HC
Reflection probability = reflected particle flux _ |¥refieceeal & _ B'B [ransmission probability = 0

incoming particle flux |*|£"[.‘1|:'|:Im[.'lg|1 k A'A

-0




Bound vs. unbound states

time-independent Schrodinger Equation:
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time-independent Schrodinger Equation:
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Bound vs. unbound states

time-independent Schrodinger Equation:
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