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PLEASE ANSWER ALL THREE QUESTIONS IN THE SPACE

PROVIDED. QUESTIONS ONE AND TWO ARE WORTH 35

POINTS, EACH. QUESTION THREE IS WORTH 30 POINTS. PLEASE BE SURE TO
SHOW ALL WORK AND JUSTIFY ALL YOUR ANSWERS, GRADING WILL BE
BASED ON EVIDENCE OF YOUR UNDERSTANDING OF THE BASIC CONCEPTS
AND PRINCIPLES—PLEASE PROVIDE THOROUGH SOLUTIONS TO THE
PROBLEMS. GOOD LUCK!

Possibly Useful Information:

£, = 8.85x 10" C¥Nnr® q. = charge of electron=1.6 x 10°° C

m, = mass of electron =9.11 x 10 kg m, = mass of proton = 1,67 x 10 kg

qp = charge of proton =1.6 x 10 C ¢=3.00% 10% m/s

F= (1/4ng;) (q) q/° ) =k (q; g1° ) E =k (g/r® ) = (1/4ne.)(g/" )

h=6.626x 10™* Js E=F/q

1eV=16x10"1] k=1.381x 102K

6 =5.67 x 10° W/(m® K% v=(1-@¥cH )y

x=x+ut,y =y, 2’ =z At =1y (At, ) = (At, ) /(1 — (u%c?) )2

P=1,1y =1,(1-@u¥?))" x=y(x-ut), y=y, 7=z

t'= y(t- (ux/ic?) ) Ve= (v +u )/ (1+ (ww /)
P=ym¥ a =(F/m)(1-A)y? F =1y ma (F & v along same line)

F=yma (F & v perpendicular) E=K+mc* =y (mc?) K = (y—1){mc?

E? = (mc?)? + (pc) (pe)?=K? + 2K(mc?) E = hf = h(c/A)

1% mv® = eV, =hf— o P=E/c=(hf)lc=h/) hf=E; - B,
R=1.097x 10’ m" Balmer Series: (1/X)=R(1/2°—1/n% n=34,5...
E, = (-hcR)/n? Lyman Series: (1/A) =R(1/1°- 1/n%) n=234...

Paschen Series; (1/A)=R(1/3°- 1/n%) n=4,56...
Brackett Series: (1/%) =R(1/4*— 1/n’) n=>5,6,7...Pfund Series: (1/2) =R(1/5>—1/n®) n=678...

L, = mv, 1, = nh/(2x) I = & [(nh)*( nme?)] Va = ¢%/(2nh &)

eV ae = bl = (he) Amn

?Lf—l=[h/(mc)](1 ~cos Q) I=0T*

AnT=290x10"mK 1) = @ahc®y (W) [e™T - 17!

disinf} = mi Ax Ap >H AE AL =H

Wix,y 2} = Pla,yp, z)e 0 " &% = cosB + i sind

H/2m(d px}d) + Ux) 9(x) = E gz} £ ﬁx{x}lbx = 1

¥ (x) = 4™ E = @) /2m En = (nmh)*/(2mL°)
W(x)=y2/Lsinf[(nax)/L]  E.=(ah)/(2mL?) 7 o=Hjk' fm

' En=(n+1/z)ﬁa)



Problem One (35 points): A particle moving in one-dimension is described by the wave
function:

W) =Ae™ forx>0 and ) =4 " forx < 0.

Here, b, is a positive, real number, and 4 is also positive and real. (a) Determine A so
that the function is normalized. (70 points)

(b) Sketch the graph of this wave function. (10 points) (c) Find the probability of finding
this particle on the left side of the origin. (75 points)



Problem Two (35 points): Consider a particle in a box with rigid wallsatx = Qand x =
L. Let the particle be in the ground level. (2) What are rwo boundary conditions that this
wave function must obey? (10 points) (b) Write down the wave function which
corresponds to the ground level. (5 points) (c) Write down the energy for the ground
level. (5 points) (d) Calculate the probability that the particle will be found in the interval

x=0tox=L/2 (15 points)



Problem Three: Conceptual Questions: Please answer the following possibly unrelated
questions, using a minimum of mathematics (6 points each, 30 points total).

4.

°
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./
0‘0

-’
...

What are two fundamental differences between classical mechanics and quantum
mechanics?

A sodium atom is in one of the states labeled “Lowest excited levels”. It remains in that
state for an average time of T seconds before making a transition back to the ground state,
emitting a photon with wavelength A and energy £ eV, What is the uncertainty in energy
of the excited state?

If w(x) is normalized, what is the physical significance of the area under a graph of |
V(x| versus x, between x,; and x;? What is the total area under the graph of | w(x)]° when
- all x are included?

Briefly explain why zero energy is NOT permitted for the quantum mechanical system of
a particle in a box.

Assessment Questions: A guaranteed six points for answers you provide!
Did you write your name on the exam (If No, please do so now!)?

What was the most challenging (aka: difficulr) topic we studied so far?
What was the least challenging (aka: easiest) topic we studied so far?
What was most helpful, in preparation for this exam?

What was least helpful, in preparation for this exam?

On a scale of 1-5, 5 = identical, 3 = neutral, and 1= very different, how would you rate
the sample exam with the actual exam? ' '



