Physics 8B Fall 2013
Solution to Final Problem 1

1. The energy of each level is given by

T h? 2 2 2 2
Eneny = 2m,L? (nr + ny) = Lo (nw + ny) ’
where n, =1,2,3,--- and n, = 1,2,3,--- are two quantum numbers that specify the

state (like n, [, m for the hydrogen atom).

(a) The state with smallest energy is obviously (n,,n,) = (1,1). Since each electron
can spin up or spin down, two electrons can occupy the ground state (n,,n,) =
(1,1) with different spins:

1
(nmnyams) = (17 17+§) )

1
(nwunyams) = (17 17 _5) .

(Like the electron in a hydrogen atom, the two ground states are (n,l,m,my) =
(1,0,0,+1/2) and (1,0,0,—1/2).) As a result, the first six states are
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Notice that (ng,n,) = (2,1) and (n,,n,) = (1,2) are different states, although
they have the same energy (like the degeneracy in hydrogen atom).

(b) The total energy of the six electrons is then given by

Er=E [(P+1?) + (P+1°)+ (1 +2?) + (P +2°) + (22 +1%) + (2° + 1)
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(You will still get full credit if your answer is consistent with that in part (a) even
you did wrong there.)



The next energy level is (n,, n,) = (2,2), so it requires

Er = Ey (2> +2%) = 8E,

energy to fill it, or

Eq
Ey

81

(Again you will get credit if your answer is consistent with that in part (a). By
consistent I mean it’s not a randomly guessed seemingly plausible sequence.)

If the electrons did not have to obey Pauli exclusion principle, then all of them
can occupy the ground state (n;,n,) = (1,1). In this case

Br=FEo[(12+12) + (12412 + (24 12) + (12 +1%) + (12 +1%) + (1> +1%)]

= 12E,,

or







38 T 2 (YW
Fiw
TS S TR

C) (o asecusion ot Enecyy
- g Wd\m\ -QNI3& % e

elgckron S Conve
Kanehie  enecyy




Xe =12 min
| onsy
Up, =

.Iljh
5
k 'i'..""'
’E\J f‘f{.{”' l hi*"‘ ¢ &1 .
TR & i . Sy e

V U 5T ' (!L‘x\ (1 5 “{ - _t? .

o ; ot t
CovLpé .?Llf:,;x ( )/

”‘w‘*;y Atstante  onol £ both sha & t-iu_ K anal thed '3
AN =, ! L-Lﬂ. n t 5 '
VLW

Wb eities Gre whidleos R

(fter time ot = ¢, 4
~£.~ Co e Dae Ships me
» r { _.__.aMF';, mee ﬂf\f‘ef ’;ix.;'_;_'-~;

{ A | . . . T - h_r"f-"
i t hrﬂ L:f ”' VMF g (}Lr,-' F;' “’t 'I;r ‘,* :rx p ' "g !

Y( 9(‘“ 75 Uﬁ = Y

== AT LY At

1% '[.f-)[_*? : _"rih_,‘ ﬁ (‘-[*-f i )

{'. | f‘[i"i‘%_}"‘ f:j {’2} 65970 {" ’ {A‘-.-_\I'l., ili'iq: 7 YR

= ; I : '
= WA T e v, "‘-‘ . i L -
: . ; v A ! b
; w ! . -.'_. Lo .r . -I i '., i
- f-'-u.l' it 4 5 > I‘. ¥ } i \
2 LAAL & C In ) e h#o ¢ - : .
: R L - FLAALD ¥ CH \ ﬁ |
) SR N R v ¢ i\
- 5 :‘ e ‘- . » 8

VW a0 e vik
v ' %’ 1 "’”1 “Lowed: {’L‘ ”) e ™ "_"}'{f{_' U R K
' ﬂ L ﬂ ' ik 1 &{ ﬂfﬂ {-, I’,_rf. i—’h{_ \’{ i:‘} K {,1[1‘ t i o L = \ E
R ity =
. | *-_
: ‘ ‘ﬂ y ¥ { ?? ‘Ji € £ uen 't‘ - VIR “{_}.L SCENa O ke Lo b ook k o

(0 " m) - ( y.ry [,) e i f ol '(Q-E)*LJ S LA {,.J\ \ oA HRE  Catin A €
ll’ l"[.\‘n-l.""’*ili ‘r'!?) - (:xr,' ML .y ) ttHQ‘* wijt’* i ! --Er? b ‘l ;_ E Y {f;._i:l [4:} .'i.‘__\ 4[ i*( O __L i \.1 AN o4
(fi%ﬁﬂy anf)%(ﬂu‘ j i”: ) we k}'} sthivie  Whare fk ax’ S mee




/
o
l
7,
P
SRRV

X 120 v 4
(--’.2_'»..",‘:..Ili M:n . — IQ m% > '-_1_
Ea
( fh (%HL}H Ftt ) :J 3 kf Ak )
2 - i ! |
/.’11 (48~ 4 4
3 -'-»2) b e (:“‘l: ISI'. 2 n k 1'.ﬁ.
\ LEL‘_"* ! - e 3§ .

S e c:L"'ﬂL-?-'-"\ LS |
E e S l! nverrs moue

[

% AL X L




An infinitely long hollow core wire inner radius a and outer radius b carries current I. To
find the magnetic field, use Ampere’s law with an amperian loop C' which is a circle of radius
r about the axis of the hollow wire.

% g ’ df: Holene
C

Because the wire has cylindrical symmetry and the loop is about that symmetry axis B-dl
must be a constant Bdl such that

7{E-df:fBdlzB%dl:BZW:uolem.
C C C

Where the last integral was just the circumference of the circular loop of radius r. This gives
us a simplified expression for the field at any radius once by calculating the current enclosed
by the loop.

o ,UOIenc

B(r) 2rr

a) For the region r < a there is no current passing through the loop so I.,. = 0. Plugging
this into the simplified expression gives us that the magnetic field in this region is zero.

B(r)=0| r<a

b) For the region r > b the loop surrounds the entire wire so I.,. = I. Plugging this into
the simplified expression gives us that the magnetic field in this region is

I
B(r):% r>b

c¢) For the region a < r < b the loop encloses only part of the wire so calculate the amount
of current enclosed for a particular radius r. The cross-sectional area A of the wire is

A = 1b? — wa?

so that the current density J of the wire is

1 1
J—_-_ -
A 7w (b —a?)
The loop encloses a radius r but everything inside radius a is empty space with zero current,
so the cross-sectional area of the wire enclosed by the loop A’ is
A =qr? — ma®

Now multiply the current density of the wire by the cross-sectional area of the wire enclosed
by the loop to find the enclosed current

I,.=JA =1 (ﬂ)

b2 — g2

and plug this into the simplified expression to find the magnetic field in this region.

2 _ 2
B(r)—u—oj(r a) a<r<hb

21 \ b2 — a?
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