Midterm Quiz 2016.4.27 Reference Answers
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1.Using an electron with energy 12.5eV to excite the ground state of

hydrogen (H) atom,the excited Hydrogen atom will transit to lower

energy levels,which transitions list below can occur ( ABD )

A.the 3 energy level—1"level B.the 2" level—the 1" level

C.the 4" energy level—1" level D.the3“level—the 2" level
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2.Which experiments indicated the “nuclear structure” of atoms ( D )

A.Electron double-slit experiment B.Franck-Hertz experiment
C.Stern-Gerlach experiment D.Rutherford scattering experiment
B.Franck-Hertz experiment shows when an electron collided with a
mercury atom, it could lose only a specific quantity (4.9 electron volts) of
its kinetic energy before flying away.It shows that there exist stationary
quantum states in atoms.
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C.The Stern-Gerlach experiment showed that the spatial orientation of

angular momentum of an atom in a magnetic field is quantized.
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D.Rutherford scattering experiment showed that around 1 in 8000 alpha

particles were deflected by very large angles (over 90° ), while the rest
passed straight through with little or no deflection.Rutherford concluded
that the majority of the mass was concentrated in a positively charged
region (the nucleus/ central charge) surrounded by electrons.He
proposed his “nuclear model of the atom”in 1911.
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3.If an atom located at’D,, state,its Lande g—Factor is ( C )

A.1/6 B.2/3 C.6/5 D.7/6
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4. The angular momentum quantum number of two electrons is
respectively: / =4,/,=3 ,thus the total orbital angular momentum

quantum numbers could be ( C )

A.0,1,2,3,4 B.0,1,2,3,4,5,6,7
C.1,2,3,4,5,6,7 D.3,4,5,6,7
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1.The longest wavelength photon emitted in the Balmer series(n=2) is

656.3nm .This wavelength fall in the visible spectrum___ Yes .
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2.The hypothesizes in Bohr’s theory are Classical Orbits with Stationary

State Conditions. Frequency Condition.
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3.An object from outer space moves past the Earth at 0.8c.You measure

the length of the object as 3.3m in the Earth’s frame,its length in the



object’s rest frame is_ 5.5m .
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4.The ground state of 4/ atom is ?

B, ,its total angular momentum is

3r/2 _its spin magnetic moment is__—/3x,
(p, >s=1/2.1=1j=1/2 )
D — 1 J’
Total angular momentum CEAzhE) :J = ](]+1)h= X\ 3=
Spin magnetic moment CEBERI) : p, = —2\fs(s+1)u, =By,

v component of the spin magnetic moment u _ :p, . =-2m u, = Fu,

Y,

5.The average speed of an electron in the first Bohr orbit of an atom of

atomic number Z is,in units of the velocity of light

al .

4TE
HI Y B CPAOGIE ¢ NEALD -

n

n

.

RABETHRHETREEARK, £ETFE N ZWETH, H—

E :—%me(ac) LZZZ—Ha:l,El:—;—mE (acZ)zz—;—mevf%vlzaZ(c)

PR ELIE T

J

=. &8 (48, 24797, FE6 )

1.What are the maximum electrons number allowed for the following
guantum numbers?

(D n,l,m, (2) n,l (3) n

Solution:The characterization of an electron energy state in an atom

needs four quantum numbers (n,/,m,m ) .The_Pauli exclusion principle

says:In an atom,no two electrons can have the same values for the four

quantum numbers (n,/,m,,m_ ) .Each electron must have a unique set of

these four quantum numbers.
R E e E M TS, TEANETHEETH O EFE
JRFHHETFNRE) ; ARETEHI (e FRPUEAIE) ; BETHEm




JE BB 1 B AR AN 7 R B 4y s BIEWETHm, (€ HRMANEE
SN T I B ED . Y@ﬂﬁ*ﬁ@)ﬁ@: E—NETFRGY, A RERA
8 (n,0,m;,m), B, JEFHEE—I

—EN, m WTULCHEWAEUE, W, M lm 2N, BETHREZAE

() ml W, m B2 IS, FEES m 0, 3 2(20+1) AR
FARA, B, M0, BETRETAMS22+1) AT

(3) I, TATRUIRO,L2, - n—1, JEn AARFEAE, Bn—20, BT &
& AT 2N T RO

2+(4n-2)
2

n—1
N,=>"2(2A+1)=2+6+10+-+2[2(n-1)+1]= =2n°
=0

2.Try to describe how an electron’s orbital magnetic moment interacts

with an external magnetic field.

Solution:Electron’s orbital magnetic moment (H-FRIFUERIR) 1 :

ﬁ Z—}/Z(l),]/Ei,L: l(l+1)hﬂl: 0,1,2---;
2m,

> 1, =—1/z(1+1)%=—1/ (1+ 1), (2)

A magnetic moment in a homogeneous external magnetic field does not
feel a force but a torque.The torque is given by (RE%7E L 51N THANZ
B (a0, HRZE—ATHEER, XANNER) ¢ T=ixB (3)

The torque will cause a change of angular momentum(theory of angular

momentum) E{ﬁqiﬂ%iﬁﬁ:d—L=f=ﬁxl§ (4)

dt
From Egs.(1)and(4),we have: (;—’;l——;/(;—f=—yyx3 (5)

The angular velocity formula for the Larmor precession ($7 5 /R 350 i) £
HEARD -
dp

E_oxp,d=yB (6)
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It means that in a homogeneous external
magnetic field B ,a magnetic moment rotating
with high speed will not line up with the field
direction.Instead,it will precess about B with a
certain angular velocity o fE5 5] 4G5 B v, —
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dr

3.The following experiments were significant in the development of
atomic physics.Choose two,in each case,briefly describe the experiment
and summarize what it contributed to the development of the theory.
(a)Stern-Gerlach Experiment

(b)Photo-electric Effect Experiment

(c)Franck-Hertz Experiment

Solution:(a)The Stern — Gerlach experiment involves sending a beam of
silver atoms through an inhomogeneous magnetic field and observing
their deflection.If the atoms have a magnetic moment related to their
spin angular momentum, the magnetic field gradient deflects them from
a straight path. The screen reveals discrete points of accumulation
rather than a continuous distribution, owing to the quantum nature of
spin.The Stern-Gerlach experiment showed that the spatial orientation
of angular momentum of an atom in a magnetic field is quantized and
not continuous .
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(b)The photo-electric effect is the production of electrons or other free

-

carriers when light shines upon a material. Electrons emitted in this
manner can be called photo-electrons.Einstein proposed that a beam of
light is not a wave propagating through space, but rather a collection of

discrete wave packets (photons).He explain the photo-electric effect

successfully using the light-quantum hypothesis.
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(c)Franck-Hertz experiment shows when an electron collided with a
mercury atom, it could lose only a specific quantity (4.9 electron volts) of
its kinetic energy before flying away.It shows that there exist stationary
quantum states in atoms.
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4.What are Normal and Anomalous Zeeman effects and what are their
producing conditions?

Solution:Normal Zeeman effect is the effect that a spectral line splits

into three lines with equal spacing in an external magnetic
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field.Anomalous Zeeman effect is the effect that a spectral line splits
more than three lines,and the frequency intervals between components

are not equal to one another.If the net spin of the electrons is 0, or the

number of electrons is even, it is called "normal Zeeman effect";the net

spin of the electrons is not O, It is called "Anomalous Zeeman effect".
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1.Event 1 occurs at X, =10m at¢ =1s. Event 2 occurs at X, =600000010m at
time ¢, =2.8s. Is there any reference frame where two events can be
reversed so that event 2 occurs before event 1?Prove your answer.(12')
Solution:We suppose two events (X,.1,),(X,,s,) occur in the reference
frame K, (X/,1),(X,.#;) occur in the reference frame K’ ,the velocity of
reference frame K' relative to K is u .according to the Lorentz

transformation,
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If event 2 occurs before event 1,thatis, s, —¢ <0
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That is to say,if u>0.9c,event 2 can occur before event 1.

2.What is the Zeeman splitting of the D lines 3°p,,,, 35, of sodium
doublet at a position where the magnetic field is 2.5T?(18")

(1)If we look at it in the direction perpendicular to the magnetic
field,how many spectra lines will be observed?

(2)If we look at it in the direction parallel to the magnetic field,how many
spectra lines will be observed?What are their polarizations.

(3)Does it belong to Normal Zeeman effect?Draw a diagram for the
energy levels after the splitting.

Solution:For a sodium atom in 3°P,,:
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For a sodium atomin 3°P,,:
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For a sodium atomin 3°S,,:
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This means that a spectral line of 5890 Ain the sodium D lines splits into 6 comp onents
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This means that a spectral line of 589616011'11 the sodium D lines splits into 4 components.

eB 1.602x107°C x2.5T

L~= =
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=117m™"

. . = + .
According to the selection rule A 0°—1,we draw the diagram as
followed:
B on iy ;g
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(a)lIf we look at it in the direction perpendicular to the magnetic field,10

linearly polarized beams are seen.4 lines are parallel to B( z ),the other 6

are perpendicular to B(o ).

(b)If we look at it in the direction parallel to the magnetic field,only 6

circularly polarized beams are seen,3 are right circularly
polarization(o~),the other3 are left circularly polarization(c")

(C)S =0,it doesn’t belong to Normal Zeeman effect.

3.Compute the angles between the spin angular momentum and the
orbital angular momentum of the electron in L =1state.(10)
Solution:Spin angular momentum quantum number S=1/2 ,orbital
angular momentum quantum number L =1 ,total angular momentum
quantum number J=L+S=1£1/2=3/2,1/2.

According to the Law of Cosines,the angles between the spin angular
momentum and the orbital angular momentum of the electron should
be:

P+ 27> S(S+1)+L(L+1)-J(J+1)

o= 2S(S+1)|JL(L+1)

(5. :;x(;+lj+lx(l+l)—2x(z+lj=__6
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COS(S,L)zz;x(;+lJ+lx(l+l)—;x[;+l]=ﬁ
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