Problem Set PS01
IssueED: 8/31/00 Due: 9/7/00

Prof. Darin J. Ulness Name

Instructions. Complete all questions before class on the due date. You are encouraged
to work together. Be sure to struggle with the problem before seeking help. Many of the
exercises are very similar to problems in the book. Understanding the solution to these
problems will be helpful in completing the assigned exercises.

Mathematical Exercises

1. Find %xﬂ for the following functions

() f(x) = tanfeos| /7]
(b) fla) = %7 + 2

sec[z]

2. Find % gfr’y) and &L (gz’y) for the following functions

(a) f(z,y) = az® + xy® + xy
(b) f(z,y) = tanzy — L
(c) flx,y,u,v) =22+ e’ + v?ylnov + (zyu)® + ln[i‘é]

3. Find the zeros of the following functions. (The zeros are the values of  where f(z) = 0)

(a) f(x)=sin2z
(b) f(z) = cosx
(c) f(x) =sin’z

4. One can write e®® = cosx + isinz. Use this fact to derive the Euler identities sinz =
= (€ —e™™) and cosz = £ (¢ + e~™) . Hint: you will need to think about the sym-
metry of cosine and sine. That is, what is cos(—z) and sin(—z)?

5. A complex number z can be written as z = z + iy where z is the real part of z
(x = Re[z]) and vy is the imaginary part of z (y = Im[z]). A complex number can also
be represented by a point in the complex plane. The complex plane is defined by a
set of Cartesian coordinates (x,y) such that the point (z1,%:1) in the complex plane
corresponds to the complex number z = x + 4y. Graph the complex numbers 1, 3 — 31,
i, —142i,4/=0, %, %, e, "3 2™ in the complex plane. Hint: It may be helpful for
the last five points if you express the exponentials as sines and cosines like the previous
problem.

6. What is the periodicity of the following functions? That is, for each of the following
functions f(z) = f(x + a), where a is some constant—find a.

(a) f(x) = cos®x

(b) f(x) =sinzx
(c) flz)=e€"



Exercises
7. Sketch a plot of the Pachen series spectrum for the hydrogen atom.

8. The Bohr model works well for hydrogenic systems (a nucleus and one electron). Sketch
the “Pachen series” for He™ and Li?*. Also, what is the ionization energy for these ions?

Conceptual Problems

9. Explain in your own words how the six experiments listed on page 2-3 of the notes
posed a problem to turn of the century physics and briefly how quantum mechanics
explains these phenomena.

10. Assume that we performed a three slit experiment. Qualitatively sketch the outcome
of the following experiments

(a) We make no attempt to determine which slit the electron went through.

(b) We block one slit.

(c) We block two slits.
)

(d) We setup devices on the middle slits to monitor electrons passing through it.

11. State whether or not the following functions are valid wavefunctions over the range
specified. If you say not valid explain why.

Computer Problems
12. Check Mathematical Exercises 1-5 using MATHEMATICA.

13. Use MATHEMATICA to help you normalize the following wavefunctions over all space
(—o0o < x < o). Plot the probability distribution associated with each of these
wavefunctions.

a x) = e " ,note: your result should involve a tunction called the gamma function

Y ! 1t should involve a function called th functi
(denoted as T').

(b) ¥(z) = z*e ™

(c) ¥(z) = e sinx



Reflective Exercises

14. The current definitions of science as set forth by the American Physical Society Panel
on Public Affairs (APS-POPA) read as follows:

“Science extends and enriches our lives, expands our imagination and liberates
us from the bonds of ignorance and superstition. The American Physical Society
affirms the precepts of modern science that are responsible for its success.
“Science is the systematic enterprise of gathering knowledge into testable laws
and theories.

“The success and credibility of science are anchored in the willingness of the
scientist to:

i.

Expose their ideas and results to independent testing and replication by

other scientists. This requires the complete and open exchange of data, proce-
dures and materials.

ii. Abandon or modify accepted conclusions when confronted with more com-
plete or reliable or observational evidence.
Adherence to these principles provides a mechanism for self correction that is the
foundation of the credibility of science”

Give one example of how quality science extends and enriches our lives. Also give
an example where quality science has failed to do this.

Give one example of how quality science expands our imagination.

Give one example of how quality science liberates one from the bonds of ignorance
and superstition.

Do the above definitions jive with your definition(s) of science?
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@ 4 Oudn Wof&-s ’ @ Inf2]:= D{Tan[Cos(Bqrt{x}}], x] -
o ‘ : - A5l Dlax+3 -
. sec[cos[vx]]® sin]vx CxYS4 xy, y)
Out{2j= - EW Out(5)= X+ 5%yt

Iaf3]:= Dix*(3/2) +1/8eo[x], x} 6l6):= D(Tanlxy] -y~z s TN
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+ySec(xy]? \ ,/"

In(7):=
In{4]:= D{ax*3 ¢ xy*5+ xy, x] nl7):= DlTanlxy} -yn2/x, y1

. 2
Outfdl= 3ax2 ey +y® ouef7]~ “;!’Xsec[xy]‘

In{8)i= D[x*2 + Bxp{xyv] +vA2yLog{v] + (xyu) *5 +Logly*2/ (xu)], x}
out(8]= -%‘Z)He"”vy'su’x' ¥
In{s]:= D(x*2 + Bxp[xyv] +v*2yLog(v] + (xyu) *S+Logly”*2/ (xu)1, ¥]

outf9]e e *Yux+ % +5u% x® y' + v Log[v]
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In{17]:= Wae Sqrt[Integrate(Rxp[-x~4]42, {x, -Infinity, Infinity}]] . @ @ La ses 5W9€f‘j Y, A':éw,z é)Omé s

' s
outf17/= 2 [Gamma{ 7]
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In{18]:= Nb e Sqrt{Integrate| (x*4 Exp{-x~2]) 2, (x, -Infinity, Infinity}]]

oue(181= < V05 (M @ Meteo /077
Inf13]:- o= Sqrt{Integrate( (8in(x) Exp[-x*2]) %2, {x, -Infinity, Infinity}]] C/ Rt

Out{19)= -;— \/Zﬂ“,”ze—n

0201 ;= pate = NaExp{-x*4];

In(21):= paib = Nbx~4 Rxp[-x*2];
In(22]:= peic = RoSin[x} Exp[-x°2);

Plot[psia*2, {(x, -2, 2}} QKV
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out{25]= =Graphics «

Inf28):= Plot(pwib*2, {x, -5, B}, PlotRange »All]

Ing33) = Plot{psic+2, (=, -5, 5}, Plomnqnam.l]
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out{20]= «Graphics -

Qut{33/« - Graphics -




