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SolutionsSolutions

Please note that alternate/equivalent solutions may exist. Brief solutions are given below.Please note that alternate/equivalent solutions may exist. Brief solutions are given below.

11.  .  ((aa))    F F xx  ==
 − −µµ00evevyyI I 

22πxπx

F F yy   ==
  µµ00evevxxI I 

22πxπx

(b)(b)    vvxx  = =

  

vv22
00
−−


eµeµ00I I 

22πmπm
 log log

 x x

aa



22

(c)(c)    xxmaxmax  == a a exp(2exp(2πvπv00m/eµm/eµ00I I ))

22.  .  ((aa)  )  ∆∆xx = =
  µµllydyd

DD
   −− ((µµgg −− µµll))ttgg

Also acceptable: ∆Also acceptable: ∆xx =  = ((µµgg −− µµll))ttgg −−
µµllydyd

DD
   oror

   ydyd

DD
 − −


µµgg

µµll
−− 11



ttgg

(b)(b)    yy  = =
   tt−− 44

1010 −− tt
 × × 11..88×× 1010−−22 m  m  ffoorr   tt ≤≤ 5 5 ss

= = 33..66 ×× 1010−−33 m  m  ffoorr   t t >> 5  5 ss

(c)(c)    ttmm =  = 4 4 ss

(d)(d)    vv  = = 33..00×× 1010−−33 mm··ss−−11

(e) ∆(e) ∆tt =  = 66..77×× 1010−−22 ss

33.  .  ((aa))

P P 11  ==
  RαT RαT 00

V V 00
P P 22  ==

  RT RT 00ααγ/γ γ/γ −−11

nV nV 00
P P 33  ==

  RT RT 00
nV nV 00

P P 44  ==
   RT RT 00
V V 00αα11/γ /γ −−11

V V 11 = =  V  V 00    V V 22 = =
   nV nV 00
αα11/γ /γ −−11

   V V 33 = =  nV  nV 00    V V 44 = =  α α11/γ /γ −−11V V 00

T T 11  == αT  αT 00    T T 22  == αT  αT 00    T T 33  == T  T 00    T T 44  == T  T 00

(b)(b)    W W 1212 = =  RαT  RαT 00 log log


   nn

αα
11/γ /γ −−11



W W 2323 = = −−
RT RT 00(1(1 −− αα))

γ γ −− 11

W W 3434 = =  RT  RT 00 log log



αα11/γ /γ −−11

nn



W W 4141 = = −−
RT RT 00((αα −− 1)1)

γ γ −− 11

(c)(c)    QQ = =  RαT  RαT 00 log log
    nn

αα11/γ /γ −−11



Also Also acceptablacceptable:e:    QQ = =  RT  RT 00((αα −− 1)1) lologg
    nn

αα11/γ /γ −−11



4. 4. (a(a) T) Takakiningg   q q 11  == q  q 22 = =  e e,,   rrnn  == n n22aa00 −− β β 

(b)(b)    E E nn  ==
−−

q q 11q q 22

88πǫπǫ00((nn
22

aa00 −− β β ))
(c) ∆(c) ∆E E  =11.5 eV ( =11.5 eV (±±0.15 eV acceptable)0.15 eV acceptable)
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55.  .  ((aa))    mm
ddvv

dtdt
   == −−ee



  E E  + + vv ××     BB


−−
mmvv

τ τ 

(b)(b)    ωωcc = =  eB/m eB/m =  = 10101212 radrad··   ss−−11

(c)(c)    σσ00  == ne ne22ττ /m/m =  = 55..88 ×× 101077 (ohm(ohm··   m)m)−−11

(d)(d)

σσxyxy   == −−
σσ00ττ ωωcc

1 +1 + ω ω22
ccτ τ 22

;;    σσxzxz   = = 00

σσyyyy   ==
   σσ00

1 +1 + ω ω22
cc τ τ 22

;;    σσyzyz   = = 00

σσzyzy   = = 0;0;    σσxzxz   == σ σ00

(e) See Fig. (1). Either of Fig. (1a) or (1b) or (1c) is acceptable.(e) See Fig. (1). Either of Fig. (1a) or (1b) or (1c) is acceptable.

m/em/e τ τ

m/em/e τ τ

   zẑ̂

   zẑ̂

   zẑ̂

 x x| J | J ||

−J −J    xx

−J −J    xx

m/em/e τ τ

−m/e−m/e   ττ

(a)(a)

(c)(c)

 x x

 B B

 B B

 B B

(b)(b)

 J  J 

Figure 1:Figure 1:    jjxx   vsvs   BB

(f(f))    BB  = 229 T = 229 T

66.  .  ((aa))    V V AA  = =
  11 −− γ γ 

1 +1 + γ  γ 
V V 00

V V BB   ==
   22V V 00
1 +1 + γ  γ 

V V C C   = = 00

(b) See Fig. (2) for free body diagrams.(b) See Fig. (2) for free body diagrams.
Equations of motion:Equations of motion:

mm dd
22

xxBBdtdt22    == −−F F BB    andand   mm dd
22

xxC C dtdt22    == F  F C C 
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(a)(a)
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(b)(b)
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 mg mg

Figure 2: (a) Free body diagram for the blockFigure 2: (a) Free body diagram for the block   BB. Here. Here   F F BB   == k k ((LL −− ((xxC C  − − xxBB)) (b) Free body)) (b) Free body
diagram for the blockdiagram for the block   C C . Here. Here   F F C C   == k k ((LL−− ((xxC C −− xxBB)).)).

(c)(c)    ωω  = =

  

22kk

mm

αα = =
   V V 00
1 +1 + γ  γ 

β β   ==
   V V 00

ωω(1 +(1 + γ  γ ))

(d) 0(d) 0 <  < γ γ << 2 2//33ππ

7. 7. (a(a) ) WWe e cacan n dedefinfinee D D  = =  m m22ωω44−−44αδ αδ   andand D D ′′ == m m22ωω44−−
1616

33
  αδ αδ . There are four possibilities.. There are four possibilities.

See Fig. (3) for detailed graphs.See Fig. (3) for detailed graphs.
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00
00

(d) D>0, D’=0(d) D>0, D’=0
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(c) D>0, D’>0(c) D>0, D’>0

u(x)u(x)

 x x

(b) D>0, D’<0(b) D>0, D’<0

00
00

(a) D<0, D’<0(a) D<0, D’<0
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 x_ x_
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Figure 3: HereFigure 3: Here   xx±±  = = ((mωmω22 ±±
√ √ 

DD))//22αα   andand   xx′′

±±
  = = 3(3(mωmω22 ±±

√ √ 
DD′′))//44α.α.

(b) See Fig. (4).(b) See Fig. (4).
For 0For 0 <  < x x << 0 0..6 6 momotition on iis s bobounundeded d on on ththe e leleft ft anand d pepeririododicic..
xx ∈∈ [2[2..44,,∞∞[ [ momotition on is is papartrtiaialllly y bouboundnded ed anand d nonot t perperiodiodicic..
x x << 0 and 0 0 and 0..66 <  < x x << 2 2..4 4 forforbibiddedden n momotiotion.n.
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Figure 4:Figure 4:
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