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Instructions: This exam ha
ave

: $ 4 questions
the right number of pa

you h - Plus a periodic table at end of exam. Verify
. fore you begin. Writ n each
Page. Raise your hang i 'ges elore y gin. Write your name on ea
credit will be given for you don't understand a question. SHOW YOUR WORK! No

; an unsubstantiated or illegible answer. Write legibly, use proper
units throughout and use significant figures in all answers.

Fﬂl&:stiens requiring explanations do not exceed the

line limit shown by dotted lines. If you do it will not
even be read by the grader!

Possibly useful information:

12 inches = 1 foot, 2.54 cm =1 inch.

h=6.63 x 10-34 J sec No = 6.022 x 1023 mol-! ¢=3.00x 103 m sec"]
me=9.11x 1031 kg 1 amu =1.66x 10-27 kg 1A=1010m
g=9.81m/s 1eV=1.602x10"J g0 = 8.85x 1072 CJ'm!

e=1.602x10"C
Velectrostatic(t) < Q1Qu/r; K.E.=12mv2 = le 2m

F=-AV/Ar AE=E;—Ei = &photon = hv
Av =c hv =hv, + K. E.(electron)
e mAvVAx = ApAx >—

mv p 4n
En=-(2.18 x 1078 J)Zs2/n2; 1n=(0.529 A)n2/Zesr
n-£-1 spherical (radial) nodes; £ angular nodes; n-1 total nodes
r, =(nay 1 Z2){1+411- 242Dy, a0 = 529x10Mm

n
U =(Z’/na))?e " Probability = W3dV

Potassium: Ionization energy: 418.8 kJ/mol Electron Affinity: 48.384 kJ/mol
Chlorine: Ionization energy: 1251.1 kJ/mol  Electron Affinity: 349.0 kJ/mol
AE Coulomb= (Q; Q2)/4meR
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la. - ; -

Explain how Planck’s formula for the intensity of black body radiation

p,(v) = Bhv? 1) [11 ("4 - D)]
reduces to the classical formula, pr (V)= (87kTv?) /e
at the high temperature limit. You are expected to show the mathematical steps and ‘5 “
any 3l55Uth10nShmgde alongtheway. @) u20e" v u+t | % 8=~
ey GOhy | \ b ,
T % PE M‘_i oo e %1 2. %f'\ /

_— / Uﬂ&ira[
Jf:@?whv:’ \ 2ahs k¥ _ 87 kI & o,
3 ' % = 3 R " e

We tecover the  classical Jormula by ‘R“”""j =% P G)

1b.  Consider finding the solution to the Schrodinger equation for the particlein a

1-D box. Suppose that the solution has been narrowed down to, (x)=Asinkx

after applying the first boundary condition that the function has to be zero at x = 0.

Now apply a second boundary condition for x = L, where L is the length of the box in‘,f‘/—‘\

order to find the value of k. Also briefly explain the significance of your result. (Sl_’\,/'

@ x=L , (L=0 |
: - M1 5%
Sinx=0 whee x>0, PG, 47
G vy L2778 A
< S 0 A %
o 7 Z

07
|3

. I\
This i fnporhvd— becouse Now both sides of 4he waxe ore hedd orto
"Hlb X-OXLS . These bou:day conditions d-“Ow the. wawve ‘!’D be Some n‘é?- WHH -H»f‘d/
we can quantize this |7 wove due to hammonic motion and<modes. Schridipgen did Hhis in 3V Fo
1c.  Explain why the a.m.u. (atomic mass unit) is lower than the mass of the 2 Mﬁm
proton or the neutron. (3).'7’)\’
.

amu [5 lg_uer‘ bacaus.{’. nC Sacri'&'ce& Some o‘P -”’lc, nuJeus' mass-“

‘PDV‘ Ianvl.tc} enersy So T}i@ mass, o)o,,(, [an Omu\ is lowe in mass,

Total 13
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2a_. Sketch two graphs to show how the kinetic energy of ejected electrons varies
with (a) frequency, (b) intensity of light striking a metal surface. (3)
: 3 e

a
KE e (W assumes ¥ hag
\ been met. IF ncr",
<, > inbensthy, K=o

2b.  Explain any puzzling features of these graphs from the point of view of the
classical theory that existed before Einstein introduced his approach to the photo-
electric effect. (3)

Ore wodd exped XE to direcdl, olcloem' on_intersity, because intensty
is dhe emrg;, of a wave. Tt seemc bgim‘ +hat hlﬁ\cr iatensdy waves, /

M{u *\Lru\s'Pu Mt Eneray 40 the eledrm&’,lncﬂaf"j EE. Hcy‘mc: a minmum 3

also mabes e sense, becasse it ,Suaﬁc\k erergy int ontinues Lok in dasied mechans,

§ 2c.  Light with a wavelength of 400 nm (nanometers) strikes the surface of
a cesium metal resulting in the ejection of electrons with a kinetic energy of
;i 1.54 x 10-1%]. Calculate the work function of this metal. a (4)
9 E=2+KE AP=c 400 o, 10m
3 $= E-KE B L
i‘ 2L - 1.54x10™
| - »
\ e e s W 0 = FALZ I A30™
: 4&))(. ‘o—‘—l = - 1. > -
2d. Now CaE]CULa‘gE the threshold wavelength for cesium. }(2)

. = . 3
3.43x)0™ J= [6.63<10” 3 _sc.c)?

$=5.18 x10" b Y [(?/M

A =c -~ y
A= oS - 300x10% M £ Gt ©39x10T M
R SA8Al H: T T
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3a. Dra ; :
i On: the following orbitals and show all nodes and phases that are present
M c4a (6)
i z (ii) 3p
n-4-\ ) h-4—\

C-2-1=2 rdul G:)

3b.  Sketchagraph ﬂfé)lJ against the distance from the nucleus for a 3s orbital.
S (2)

£ d Pobilidy

r—

3c.  What two features of this graph are not easily interpreted physically
although strictly correct? 2)

When r-—>ol,,\rb5 versy 'MS&' This seems Yo wﬁcﬁ’a \113\\ ?»Lab'\'dx, Yo £l M ~

/

olechon near fhe padeus, bat F s Yhe pobblty doFad it by the vdume o{asfb«. of radius v,

oy j:.cql.

3d. Bymeansof labeled diagrams show how each of these ‘problems’ can be
resolved to provide a more physically meaningful representation of the 3s orbital in

the hydrogen atom? 3)
x&gllc. o'F Al"l?"'ﬂ\-wcll_ T'SSU.C dn | ROLO‘D-\:“ v .
\J 35 g
Va ]C - ‘¥1rr‘1i"\ tot 13
r ' Y
Pt Radq) Pebartity
27 l7 Pistribube o
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4a.

vadiie falculate the probability of finding an electron at a distance of one Bohr
rom the nucleus in a 1s orbital of a He* ion, inside a volume of (10.0 x 10-12)°

cubic meters

(23/ T’a & 'Er/q.

(6)
ly, e | @
( /G‘(S ?‘ldo"'n)%]) )

C\ |47 $0\975x/0 “S) . 3.006x10m’
hekiadl

4b.  Calculate the average
an ion of Li*2.

(6)
o= Cra/2)( 1101 522D (D
0=\ % (—@3&- (\*%[_\—2"])

& (\*'4) aa(s)

20

e,

- 20 -\ - .
—a,= 22 (524107 m) -')S’.S'Lxlo m )

distance from nucleus of an electron in a 2p orbital in

-—
—

Total 12
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