Physics 606 — Mid-Term Exam
Wednesday, March 11, 2009

There are four questions on this exam. Each question is worth a total of 25 points. Please use only one
side of each sheet of paper, start each problem on a new page, and encircle your final answer(s). Note:
You may assume that all explicit wavefunctions given on this exam are normalized.

1. A particle with mass m and total energy E = 0 is moving in one dimension under the influence of a
potential given by:

2

V(x)=V,(1-%)
a

where V;, > 0. Assume the particle is incident from the region x — —c. Find the approximate
transmission coefficient for the particle to end up in the region x > a. What condition(s) need to hold for
your approximation to be valid?

2. A particle of mass m is moving in free space in one dimension. At = 0, the particle’s wavefunction is
given by:

15

Egs—(az —x%) for |x<a
v(x,t=0)=
0 for |x|>a
(a) Find the expectation values (x), (x*), (p,), and (p,, all at time ¢ = 0. Indicate which of these, if any,
you would expect to change as functions of time, and why.
(b) What is the momentum wavefunction ¢(p,, ¢) of the particle?

3. In the following two cases, the wavefunction of a particle of mass m is given at r = 0. For each case,
determine the expectation values of (x) and (E), both as functions of time.
(a) A particle moving in an infinite square well, given by V(x) = 0 for |x| < a, V(x) = +o for |x| > 4, has

wavefunction:
w(x,t=0)= 1/—1— cos(zzi) +, /—3— sin(—i?(—') for |x|<a
4a 2a 4a a

(b) A particle is moving in a one-dimensional harmonic oscillator potential, V(x) = Y2 mm’x*, with
wavefunction:

maw

y(x,t=0)= /%(axﬁ exp(—-—é—(wc)z) , where o= T

4. A particle of mass m is moving in a one-dimensional infinite square well, given by V(x) =0 for 0 < x <
2a, V(x) = +oo otherwise. The particle is acted on by an additional delta-function potential V(x) = g 3(x~a),
where g > 0. (NOTE: As given, this potential is NOT centered on x = 0.)

(a) Find the equation(s) that determine the energy eigenvalues.

(b) Draw qualitative figures that indicate the shapes of the wavefunctions for the ground and first three
excited states, Assume the dimensionless parameter mga/ #* is neither large, nor small.

(c) For the case of very small g, find the ground state energy, correct to leading non-vanishing order in
the small dimensionless parameter mga/ #*.

(d) For the case of very large g, find the ground state energy, correct to leading non-vanishing order in
the small dimensionless parameter #°/mga.



' o _mikx "E'CL Ac'(ﬂu. UJKBW?IL@% |

WV

-% Wak a>> | = Wad 20 (]
U (& & wile dump B0 borvic)




2ot 5 D) ey
Mwﬁxw ks uﬂ LS%N. ._mv Wv% u._
r@mﬂa@ x\q fufa..qw ﬁ.l&.. ueu m .uNMH R el Mo +I&T

%7 - 3\ =2

sl g Q%Lmifﬁ 2 ) (5] - g 3w

Yz ._JUWd,cIM_ s o< ~ pre ﬁo Eo_vo_u
kvk #7 (0=3 wawm.wu @

| - |
g@&%s%«ﬁﬂn %m\ mm%w _.
Q=X ..Q} .M wxﬂl‘ )
Mmlx.wdg ,u...w.m_ ..r)%ﬁ MNA&EI&% - )

anIwWM] awmmﬁﬁu:%@. vt -
4w Mﬁ«b ne Wﬁhu,ﬁ&z Qw - P (& &ﬁmﬁ;\ 3@ AMLV

.. um_ m S Y
ilwumsow .mﬂ.ﬁ |$.m ﬁo M,Iﬁqw ﬁ E.‘_ éﬁéb& aﬂgp
%%&éémn W %m B Ahlwm\mmmw%m‘\m.w
-~ 08 v ————
Qs G 4 t/ |

% QoYn ._T\&mf. ».QN}V asw.qbaxﬁx M%\ ﬂﬁsxv.
Vnﬁ&i/ u,.sm d W uww‘\ % m h

Eq&ea g %a:%d&é:@& (»)

279Gy o LTy




2)” 2= e @) (B -
e 10T b @S - b 4 hooha- mi 31 -
N mC % (%) |

B (G R EARE S %f@.,f&gé

Q,Bh%“q!q 9¥u lﬂ?.ﬂ w +ﬁ9¢avml n w,._wuva.w r%ﬂd@b ﬁm mﬂ J@&i&m?wqudww.b..
T !@%%33 ). 1 (Z)= (&) &dw f,nu,@vaww
P N e e %Ef A S E NN ECARES

T w @wffc <TU=ib s Wﬁ%ﬁw*qfwwwwr 24P 1% w,i%@v

S o Q f :
.,.iwm.rwu.w vy = ﬁaxAxV _rlnw,ﬁ. il : Ymhgﬁiq@«ﬂiidd\,gg{«% J.T

..3.%3..4 D+ %, % = ﬁo w;.y},mw &.ﬂhwmw&r.ﬁ.qul&rl@ Ai? |_,+mw19rhww M&V
ryfae (Fevy) Srribe 2 22 )l s, e sl doy

MPNM €l .whwww ¢ .ﬁ.h_.wmw w
BRCEC R S ks Ve R kWO Y w % 8= 9p

g gy e LR



= 0= (9~ qiT&qu‘@ sY-=9° 38%%__

%l_m\n. Ae%waa&w@

(Y gy -C=afir oy,
(g)ty -T2 m,
@isu%, = ?e §§

3-9 357

@;M@n
¥ %o

Q_V‘W.WN \Yﬂs,l‘.m.w

v x@qsraqém__

:aép e zwfo -(p 1 =9 ppep 1
1 VROFD 7' g L T

— =5 .VQNL.J
Ay AT. wmwﬂwiww & N#w.* ﬁ i
350 ﬁxﬂ.vi@q h & O=H X L,.«.MHU DX 0y

PO T

AT
@

h ﬁé g ) P




z,/ - ‘““": WAkt Pt
D 6o ® S B S T %**ZG;B

33 o 2w Zma~
A X Wﬁ}i 4 bat | |
= 2 ~ P d o) 8
Bma* Z—}M 4 | Bua® " Bugs l"'%"%
ol

@Q Aaaw%mrdtk wQJu. fb.L L QAAZ;. L'r 8

eo(T=§ Lesd
,\;}' (TT \s««(n-gyti—(w &\ S &
‘-a.ic’iﬁi———f‘“iw ‘ ‘Q’Toé‘* M_g_'

ng‘«- - -8 cu,g < =4 l“"&z




